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Abstract This paper explores the prospects of green growth transformation and
entrepreneurial ecosystem development in-posflict 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 innovdgidrgrowth.

The study identifies key drivers such as infrastructure rebuilding, reneveigegy
potential, digital transformation, and international investment flows. It also analyzes
mechanisms including publjarivate partnerships, regulatory reforms, and entrepreneurial
support systems. The research adopts a qualitative and conceptuatioietyp drawing on
secondary data and comparative case studies from othercpoélict regions. The findings
highlight that green growth strategies can enhance {@mm resilience, support inclusive
development, and position Karabakh as a regional mdadielsustainable postonflict
recovery. Policy implications emphasize the importance of integrated planning, institutional
capacitybuilding, and fostering innovation ecosystems.

Keywords green growth, postonflict development, Karabakh, entrepreneurship,
sustainability, economic reconstruatio

1 Introduction

Postconflict 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 inte post
conflict reconstuction strategies. The concept of green growth, which promotes
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economic development while ensuring environmental sustainability, has emerged
as a promising framework in this regd#j. In the context of Karabakh, a region
undergoing largescale reconstruction following decades of conflict, the
opportunity to embed green growth principles into development strategies is
particularly significant.

The literature on postonflict economic development highlights the role of
entrepreneurship as a critical driver of recovery, resilience, and poverty reduction
in fragile environmentfl, 3]. Entrepreneurial ecosystems, defined as
interconnected networks of institutions, policies, and actors that support business
creation and innovation, are essential for fostering sustainable economic ptpwth

In parallel, green entrepreneurship has gained increasing attention as a mechanism
for aligning economic actity with environmental objectives and facilitating
sustainable sociotechnical transitigs Together, these approaches provide a
valuable framework for understanding how poshbflict regions can pursue
economic revitalization while advancing leteym 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 regionds strategic i mportan
potential, and the ongoing efforts to rebuild infrastructure and institutions.
Furthermore, Azerbpian 6 s nati onal devel opment agenda inct

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 flitate such integration and to derive policy implications for
sustainable reconstruction. The undesearched nature of Karabakh in academic
literature further justifies the contribution of this study. This study employs a
qualitative methodology based 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 rénaker 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



2 Materials and Methods

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

at understanding the dynamics of green growth transformation and entrepreneurial
ecosystem development in pasinflict Karabakh. Given the early stage of
reconstruction and the limited availliy 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 organizatioreports (World Bank, OECD, UNDP), academic journal
articles on postonflict 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 relevancdemonstrating how posbonflict
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 conductddntify
theoretical frameworks related to green growth, entrepreneurial ecosystems, and
postconflict development. Second, a comparative analysis approach was applied to
extract transferable lessons from international cases. Third, a conceptualisynthes
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, finaacial 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 attractthier investment.

3 Drivers and Mechanisms of Green Growth in
Karabakh

The transformation of Karabakh into a sustainable and innovdtigan economic

zone depends on a combination of structural drivers and enabling mechanisms. One
of the most significant drivers is the largeale 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.



Anot her critical driver is the regionbs

subst

particularly in solar, wind, and hydropower . Tt

already promoted by the Azerbaijani government, positions Karabakh as a hub for
clean energy qoduction. This creates opportunities for green entrepreneurship in
areas such as energy services, sustainable agriculture, artdugsm. The
effective management of natural resources and renewable energy assets is
increasingly recognized as an impottaomponent of sustainable development and
long-term economic transformatidf].

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 sustainality and innovation are essential in this regard, as human capital
remains a key determinant of economic diversification, entrepreneurship, and
sustainable regional developmé6y.
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In terms of mechanisms, institutional frameworks are central. Effective governance,
transparent regulations, and investragieindly policies are necessary to attract
both domestic and foreign investors. Pulgitvate partnerships (PPPs) can
facilitate lage-scale infrastructure and energy projects, while also supporting small
and mediurrsized enterprises (SMESs). Access to finance is another key mechanism.
The establishment of green finance instruments, such as green bonds and
sustainability funds, can primle 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 fostemmgrepreneurship.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 PostConflict 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 investmentsise first, institutional and financial mechanisms accelerate
growth in the midphase, leading to exponential outcomes in later stages. The
proposed model conceptualizes -lljmedabakhdés tran:
system. At the base level, structuralveris 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 dpipdies. Institutions, financial
systems, and innovation networks play a mediating role by facilitating interactions
between stakeholders.

10



Figure 1: Integrated Green Entrepreneurial Ecosystem Model
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Figure 1.
Integrated Green Entrepreneurial Ecosystem Model
Source: Authorod6s concept ualsenberg20l@.n based on OECD (201:

The third layer represents outcomes, including the emergence of green startups,
increased investment in sustainable industries, and enhanced regional
competitiveness. These outcomes contribute to-teng resilience and inclusive
growth. A key feature ofthe 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 furtherasfructure development.

5 Quantitative Application Model for Green Growthi
Entrepreneurship Nexus

The scatter plot demonstrates a positive linear relationship between ecosystem
readiness and investment prioritization. Projects located in the-tigheguadrant
(GEEI > 70, GIPS > 70) represent highpact, investmenteady initiatives suitable

for fad-track funding. Loweileft quadrant projects require institutional
strengthening and capacibyilding interventions.

GEEI = wl1AINF + wW2AREN + wW3AINST + WwW4AFI N +

11
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cal cul ation

model .

To complement the conceptual framework, this study proposes a simple composite
index model to operationalize and compare green entrepreneurial ecosystem
readiness in postonflict Karabakh. Th&reen Entrepreneurial Ecosystem Index

(GEEI)is defined as:

GEEI

wlAlI NF + w2AREN

+

w3 Al

where: INF (infrastructure quality), REN (renewable energy capacity/utilization),
INST (institutional quality), FIN (access to finance), HC (human capital), and INN
(innovation capacity). Weights (Wiv6) sum to 1 and can be set equally (1/6) for
simplicity or adjusted via expert scoring (Deldhe). Each component is
normalized on a iQ00 scale using mimMmax normalization based on regional

benchmarks.

For policy application, &reen Investment Priority Score (GIHSYerived:

Gl

PS

= 0.5AGEEI + 0.

5A

(Policy

PRS aggregates regulatory clarity, PPP frameworks, and incentives for green
sectors. Projects/municipalities with higher GIPS receive priority in funding

allocaton.Sensi ti vity

checks

can

be

NST + wW4AFI N +
Readi ness
performed by va

parsimonious model enables rapid diagnostics and comparability without complex
econometrics.The GEEIGIPS framework is intended as a practical tool for
assessing the readiness of pamtflict regions to support green entrepreneurial

12



development. The six dimensions included in the nibdefrastructure (INF),
Renewable Energy Capacity (REN), Institutional Quality (INST), Access to
Finance (FIN), Human Capital (HC), and Innovation Capacity (lNSapture the

key factors commonly identiféein 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 @100 scale enables comparison across
projects, sectors, and municijigls. 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 dggelent, 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 gheatest economic and
sustainability impact under limited reconstruction resources.

Consequently, the framework serves as a decsipport mechanism for
governments, development agencies, and investors by facilitating evidases
allocation of resources and monitoring progress toward sustainablequdiitt
recovery.

6 CaseBased Validation and Eligibility Criteria

The radarchart compares pasbnflict performance across selected cases. Rwanda
shows strong institutional and innovation capacity, Bosnhia demonstrates strength in
finance and infrastructure due to donor support, while Kosovo exhibits higher
human capital and enpeeneurial dynamism. This visualization supports the
adaptability of the GEEI model across contexts.

13



Figure 3: Comparative Case Performance Radar (—— Rwanda
Bosnia

—— Kosovo

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, postonflict recovery integrated green city planning (Kigali), where
strong institutions (INST) and innovation platforms (INN) lifted SME participation
in green servicesBosnia and Herzegovina illustrates the role of ddremked
finance (FIN) and PPPs in renewable mibgalro projects, improving REN and
INF. Kosovo demonstrates diaspatdven entrepreneurship (HC, FIN) and
regulatory simplification (INST) as catalysts fetartup 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

framewor k (e. g., figr een eneor mpyestmeri nes o) ; (i i)
facilitation mechanisms; and (iv) stakeholder coordination platforms (incubators,

agencies) . Projects qualify for prioritizati on
( O 7 5 Jtracked ®rtblended finance instruments (green bonds, Hilnemcing)

[14, 15]

7 Discussion

The integration of green growth and entrepreneurial ecosystem development in
postconflict 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 léegm economic, social, and
environmental outcomdg, 5]. In this context, the development of renewable
energy infrastructure and the promotion of sustainable economic activities can

14



support both economic diversification and environmental sustainability.
Azerbaijanés growing focus on renewabl e energy
the establishment of green energy zones, reflects this strategic approach and

provides a foundation fagreen entrepreneurship and innovatdriven growth in

Karabakh7, 10, 11, 12 This paper advances that debate by operationalizing a

duatlayer approach that combines structural drivers with enabling mechanisms and

introduces a pragmatic index (GEEI)guaide 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)rB¢, ¢ k (2913) hagtlight

that entrepreneurship in confliaffected contexts is highly sensitive to uncertainty;

therefore, predictable policy environments reduce risk premiums and unlock private

investment. In Rwanda, coordinated urban planning amgngrinfrastructure

investments created demand for green SMEs, demonstrating a dpuailand

dynamic consistent with OECD (2011) green growt
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 amposite index approach allows for rapid iteration,
stakehol der engagement, and scenario testing.
emphasis on ecosystem orchestration rather than isolated policy instruments. By

incorporating feedback loops, where improwedcomes 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 regionbdés substanti al sol i
as wel |l as the governmentds strategic commit me
zoneg8, 9]. This creates a unique opportunity to leapfrog caiibtensive

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

O6Neill s argument on the transf[grmati ve poten
Recent assessments further sugdest Karabakh can become a regional hub for

renewable energy production and green investment, strengthening iteetong

economic competitivene$$0, 11, 13.

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 bridimg two literatures that are often treated separately:qutict
reconstruction and green entrepreneurial ecosystems. It provides a testable

15



framework that can be applied comparatively across regions, enabling cumulative
knowledge building. Practically, it offers a decisismpport tool for prioritizing
investments and coordinating actors in resowaestrained settindd 3, 14, 15]

Despite its practical value, the GEEIPS framework has several limitations. The
model relies on indicator selection and weighting procedures that may introduce
subjective judgments. Furthermore, data availability in-posflict regions is often
constraned, potentially affecting measurement accuracy. Future research could
apply experbased 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 thaitegrating green growth principles with
entrepreneurial ecosystem development offers a viable and strategic pathway for
postconflict reconstruction in Karabakh. By leveraging its substantial renewable
energy potential, particularly in solar and hydropowhe region can transition
toward a sustainable and innovatidriven 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 platfoms. Comparative case analysis further confirms that coordinated
policies and targeted interventions can accelerate recovery and enhant&iong
resilience. Overall, this research contributes to both theory and practice by bridging
postconflict developnent and green economy approaches. It underscores
Karabakhoés potenti al to emerge as a regional
and inclusive economic growth in the South Caucasus.
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Abstract:While business growth during periods of economic prosperity isdwelimented,

the ability of firms to expand during markebntractions 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 nsitates a robust corporate mindset and the-@meptive
implementation of contingency strategies. The Ga9igpandemic served as a critical stress
test for such strategic resilience. This study employs Thematic Analysis (TA) on a qualitative
dataset of 7global 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 opportfarities
business development and expansion. By mapping ssgoific case studies, this paper
illustrates how rapid growth was achieved amidst global volatility. These findings provide
significant insights for business practitioners and scholars analy#ieg eivolution of
contemporary firrevel growth models.

Keywords:COVID-19, global brands, recession, resowfz@sed view, sustainable business
growth, thematic analysis
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1 Introduction

Successful and sustainable business growth reflects effective management across
al | areas. A manager6s primary goal i s
efficiently to maximize profits. However, the global economy is volatile and subject

to fluctuations. For example, the recent Ce¥Rioutbreak highlighted the need for
entrepreneurs to be prepared for disruptions from governments, households,
financial systems, political establishments, and other sources. Recessions can also
create opportunitiesor companies to grow and pursue new possibilifiels
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

corporationds internal resources, whi l

market sizeor government support. Each perspective may be correct depending on

t

e

the firmbéds timing, |l ocation, and primary

remain unanswered: which determinant is relatively more important for companies
to grow during recessio periods? This paper seeks to clarify this issue using
secondary data from higduality 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 volatity, such as the 2008 Financial Crisis and the Gd@gandemic.

The research objectives include identifying the specific value propositions (such as
costsaving, income generation, and convenience) that resonate with consumers
during economic downturnginalyzing 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-iteyourself trends) serve as dtts for corporate expansion.

A qualitative multiplecase study approach enables cresstor comparisons, such

as comparing a tech platform like Airbnb with a breokdmortar 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:

T Challenging the fARetrenchmento Nor m:

focuses on how companies cut costs to survive. This study provides
evidence of proactive growth strategies, showing that aggressive
expansion, such as Al dibeawiable Cisisv a 6 s
response.

1 Digital Readiness as a Determinant of Resilience: It reinforces the
AiDynamic Capabilitieso -existngdigtal by
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investments by companies like Chipotle, Nike, and Target determine a
firmds ability to pivot when physical <chann

T The @ABDeunaelf i to Platform Model: It expands t
platform economics, as seen with Airbnb, by showing how a crisis can
simultaneously address supysigle issues (people needing to earn money)
and demandide issues (people needing chedgrel).

The paper is structured as follows: the second section provides a brief literature
review on business growth during recessions using the resobaseel view (RBV)
framework. The third section describes the data and methodology. The fourth
section presentgualitative 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. Whilenacroeconomic 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 throurgsources that are valuable, rare,
inimitable, and nossubstitutable (VRIN). In recessionary contexts, these
characteristics become even more critical, as external market conditions deteriorate
and firms rely more on internal strengths to maintain petéoca.

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

expansion but fundamentally on a firmbés abilit
combinations. Barney argues that resources marked by causal ambiguity, path

dependency, or social compiyd qualities that make them difficult to replicate

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

mechanisms protect firms from increased price competition and declining demand

during economic recessions. Thus, sustainabbeviy during downturns can be

understood as capabiliyriven 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 firmds abi
internal and external resources in response to environmental changes [5]. This

perspectiveis 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 RBYV 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
asets 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 suppoegfficient 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
resourced such as brand extension, digital transformation, and customer
relationship managementecome part of the corporate culture, they are more
likely to remain viable dung 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
countercyclicalinvestment 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 revenueshose 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 weltognized firms continue to

grow even during recessions.

Empirical evidence suggests that firms that maintain or increase investment during

recessions often achieve superior kagn performance [13]. From an RBV
perspective, these i nvest mentcapabiiteshance t he
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 invertedshaped
relationship between exploration and performance, suggesting that excessive focus
on either dimension can be detrimental. During recessions, firms must carefully
calibrate this balance: excessiggploration 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-pgustssion
opporunities. RBV also provides insights into the role of market diversification in
sustaining growth during downturns. Firms with capabilities that enable entry into
multiple marketd particularly international markeiscan mitigate the impact of
localized demath shocks [15]. Expotriented 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 tdfting 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. Reakld examples in the literature further
illustrate the RBV argument. For instance, Apple Inc. sustained growth during the
2008 2009 financial crisis by leveraging its ecosystem of integrated products and
services [X]. 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 Covil® 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 aliys wi t h Lester 6s fATwo Hatso a
where internal corporate culture is one of the resources for growth during recessions
[2]. Meanwhile, Netflix leveraged its dathiven content strategy and
recommendation algorithms to expand its subscriber base gdéniods of
economic uncertainty [20].

In sum, the RBV framework suggests that sustainable-léxal growth during
recessions is fundamentally driven by resources and capabilities. Firms that possess
VRIN resources, develop dynamic capabilities, leverage intangible assets, maintain
organizatimal 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 unceainty and build longerm competitive advantage. Management
sciences need to focus on these aspects of commercial firms by using innovative
datasets and maintaining antgpdate and practical focus.
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3 Methodology

Analysis of growth during recession periods requires adepth 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 enge 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 Walll Street Journ
supplemented by other leading financial outlets, to study global brands with

transparent managerial practices. Our selection focused orqhadity, recent

Englishlanguage conteéttypically 10 to 15 minutes lodgfrom 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 compamiesate globally.

Our mai n research met hod was gualitative cod
instructions to refine the large dataset and focus on our research question [23]. We

then analyzed 27 excerpts under the code #AGrow
analysis, we used QUos software version 3.0.0. The specific companies included

Airbnb, Al di, Cava, Chipotle, Crocs, Costco, Do
Scouts, Home Depot, Juul, Nike, T.J. Maxx, and Target. During the analysis, we

also used structured reflectiveiting to achieve critical assessments of the data.

4 Results

Our first result i s -ftrhaagti | tetbe fd atmess ento tr eovnelayl ss L
recessions but also exploit them. By leveraging internal res@ureesing from

digital infrastructure to lowcost operational moddisthese companies capitalized

on shifts h 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 wutil
when consumer wallets are fidrained. 0 The core
a low-cost sipply chain and ndrills model. This is Valuable because it exploits the

opportunityxoofciidbws@aconsumer s. It is I nimitahb
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building specific vendor relationships and lean logistics that competitors with high
overhead cannot easily replicate.

On the other hand, Dol |l ar Gener al had a fASmall
By avoiding fAibells and whistles, 0 they can expa
1,000 stores/year). This resource is Muwbstitutable for rural or lowncome

shopperswhaeed i mmedi ate, | ocal access without the

Costco leveraged a membershigsed scale. This provided a Valuable safety net
during the pandemic, as consumers sought bulk reliability.

Anti-Fragile Firm Strategies

Multi-Sided
Networks

Turning the recession
into an advantage by
attracting new hosts

looking for extra
income.

Utilizing lean resources

n to provide value when
% @“.3 consumer wallets are
‘ drained.

The Digital Moat

Deploying pre-existing
digital infrastructure as
an ultimate, rare
differentiator.

Figure 1
Main pathwaysagfobeofiantims to grow during a recessi ol

42. Digital I nfrastructure as a AV0 & iR

The pandemic proved that pesisting 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 ADigital Ordering Platfor mo
was fiscaled beforehand. o While others scrambl e
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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 adastial kitchen.

Target benefited from bei ng-tohighinfolhe sent i al Ret ai
customer base. Their ability to stay open while others closed was a Valuable
temporary monopoly that led to an-tithe stock high.

Girl Scouts & Nike both moved toward Digital/D2C (DirgotConsumer)
channel s. Ni keds strategy of Afcutting ties wi
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 Net wor k. Unli ke hotels (which hav
increases during recessions because people fAl oo
to save their hmes. This makes their model Nsnbstitutabld they are the only

travel firm where the Aworkforced pays to be on

44. l nnovation and fAiNew Day Parto Creati c

Dunkind Donut used product innovation (Cold Dr
Ainew day part. o By pivoting to afternoon sales
a temporary threat into a Valuable new revenue stream. On the other hand, Home

Depot exploite t he ARemodel i & @sseftiallp thé shitens our c e

consumer timeve al t h . As people spent more time at h
specialized inventory became a Nsubstitutable resource for DIY projects.

4.5. Co-occurrenceAnalysis

The cooccurrence analysis reveals a narrative focused on strategic resilience, with
a positive outlook and the CovilP context serving athe 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 operaters) 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 CEGed 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 higavel optimism with practical, technologiriven
shifts to navigate the complexities of modern consumer relationships.

ng a recession

Positive

Covid-
19

Digital transformation for brand Changing consumer

growth behaviour

CEO Financial

excerpts 2 opportunities

. Market Access . Focus

leadership to Sustained Market on
Optimistic  griven by premium brand expansion
internal  arkets differentiation strategies

strengths y

- ®
Unique

Talentand  brand fnovaien Customer

leadership culture opacy engagement

strength or (e.g., R&D
relationships 5 strength)

niche
markets

Complex
brand-

consumer :
strategies

story

Figure 2
Cooccurrence analysis of the qualitative code figrowth

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,

mod notably Airbnb, as well as others such as Al
that the analysis focuses on how these diverse brands navigated a period of crisis.
Within this mediated context, specific brands (

consisently 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 susia 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 datasetds overarching context is defined by
and downturn. These elements represent the systemic shock that required immediate

operational changes across all observed sectors. Moreover, bi«®n&ss terms

such as gwth, 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 tems (pandemic, downturn) and optimization terms (digital, platform,
growth, sales). In the context of the hospitality and feervice brands analyzed
(e.g., restaurants, Dunkiné), this intersection
the pandemic wasdmed 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 oheir digital pivots during the economic crisis. Overall, the
results highlight a narrative of organizational adaptation and market dynamics
during a major global economic downturn.

donuts downturn

restaurants
... reporter time
ays
people
growth growing high
[ ]
rorey pandemic
*°€ drinks p -
around digital
really _. |
looking a I rbn b |Ot continue
. platform
chains
travel
Figure 3
Wordcl oud analysis of the qualitative code fAgrowth ¢

4.6. Crossreferencing with Empirical Corporate Data

During the Q3 2020 earnings call, Dunkindé | ead:é
for Growtho strategy and noted that digital s a
total sales [24]. The company also reported that the C@MDpandemic

significantly acceler&d its digital transformation initiatives [24]. The earnings

release confirmed positive comparable store sal
operational resilience [24].

Airbnb went public in late 2020, making its 2021 shareholder letters essential for
analyzing the companyoés financi al narrative cor
2021 letter states that its business model was
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company to pivot toward new guest behaviors such as remote work angtong
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 higheraverage daily rates and continued expense discipline [25, 26].

Similarly, Chipotleds financi al di sclosures hic
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

theepansi on of AChi p ehehdadnvetsus) [27,88].lBythee or der

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

24.7% yeaioveryear 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
YouTubevideos provide, especially when sourced from higlality news outlets

such as The Wall Street Journal. We aimed to apply an unorthodox approach to
gualitative 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 Mo a't (Chipotl e, Ni ke, Gi r | Sc
resource of digitateadiness before the crisis hits.

3. The Essentiali st Expansion (Al di, Dol Il ar Ge
advantages to expand while independent st
fail.

Competitive advantage during a recession i s no

but about possessing inimitable resources that address the specific pain points of a
crisis, such as the need for income, Jo@st food, or digital convenience. Crisis
managerant 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
interpretaions 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 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 resoureémited settings such as Albania, where
structural constraints and limited institutional support intensify occupatioresgures. This
systematic review aimed to critically synthesize evidence on how work environment factors,
including staffing, leadership, autonomy, and organizational support, influence nurse
burnout and welbeing across healthcare systems, with particalzention 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 peewviewed empirical rivestigations 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 Providerd 8ystems (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 afafatigue as the principal contributors to burnout.

In contrast, supportive leadership, shared decisimaking, professional recognition,
resilienceenhancing strategies, and adequate staffing emerged as important protective
factors. Burnout was consistBnassociated with lower patient satisfaction, weaker safety
perceptions, and poorer organizational outcomes. While -lighme countries more
frequently reported administrative burden and intensive care unit overcrowding, Albania and
other resourceonstained settings were characterized by structural limitations and
leadershiprelated 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 wdléing and contribute to highejuality healthcaredelivery,
particularly in lowresource 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 performancgl]. It is characterized by emotional exhaustion,
depersonalization, and reduced personal accomplishment resulting from prolonged
occupational stregd]. Rising patient demands, staffing shortages, organizational
pressures, and the impact of the COMI® pandemic have further increased
burnout risk among nurses world¥e [2], [3]. As frontline healthcare providers,
nurses are particularly vulnerable to demanding workloads and emotionally
challenging work environmeni4].

Evidence from multiple countries demonstrates that organizational factors play a
central role in burnout. High patietd-nurse ratios, inadequate staffing, limited
autonomy, and ineffective leadership are consistently associated with higher
burnout levelsand increased turnover intentiof8, [4], [5], [6]. Studies using
validated instruments such as the Maslach Burnout Inventory (N@land
HCAHPS[9] have also shown that unfavourable work environments contribute to
lower patient satisfaction, weakeafsty cultures, and poorer care outcorfitds
[3],[10],[23]. On the other hand, improvements in leadership practices,
psychological safety, and teamwork have been linked to reduced burnout and
stronger retentiofiL4].

Although burnout has been widely studied in higbome countries, evidence from
Southeast Europe remains limited. Research from Albania highlights persistent
challenges including understaffing, weak organizational support, limited
professional developmenpportunities, and leadershiplated barrier§l5], [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 nurséeialh and
patient outcomes, and compare trends across different healthcare systems. By
synthesizing eviderecfrom 50 empirical studies published between 2015 and 2025,
the review seeks to inform policy, practice, and future research on sustainable
strategies to improve nurse wéking.
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1.1 Aim and Objectives

Aim: To systematically synthesize evidence on how workplace characteristics
influence nurse burnout and wdleing 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 orgalnéewvalt iiomtad r merrdt isyrss eani med a
reducing burnout and i mproving care quality
4. To identify research gaps, particularly in ls@source settings such as
Albania, and propose directions for future studies
2. Theoretical framework and Conceptual

This review is grounded in four complementary theoretical models that explain
how work environments influence nurse burnout, seling, and professional
outcomes.

The Job DemandsResources (JBR) 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 depersonalizati¢®],[18], making the JER model a useful
framework for understanding workplacelated burnout.

The Conservation of Resources (COR) Theory19] 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 reportingnéhrenderstaffing and
prolonged emotional strain as contributors to burfdlf20].

Self-Determination Theory (SDT) [21] further contributes to the conceptual
foundation by highlighting the role adfmphasizes the importance of autonomy,
competence, and relatedness for psychological-beig. Studies showed that
limited decisioamaking authority and weak leadership support increased burnout
risk, whereas professional autonomy and opportunitieséeeldpment promoted
better wellbeing outcomef22],[23].

The PersonrEnvironment 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 loesource settiys, support this
perspectivg25], [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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] Systematic and Contextual
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COR Theory

[ SDT Theory
[ P—E Fit Theory

Figure 1.
Theoretical frameworks explaining nurse burnout and the pathway toward dgst#nmterventions.

2 Methodology

This systematic review followed the PRISMA 202fuidelines 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 environmentcharacteristics including workload, staffing
adequacy, leadership, autonomy, teamwork, psychological safety, and
organizational support. Comparators included differences in staffing conditions,
leadership styles, workplace settings, and healthcare systeritomes focused on
burnout measured using validated instruments such as the Maslach Burnout
Inventory (MBI)[8], Copenhagen Burnout Inventory (CRY], and HCAHP 9],

as well as emotional exhaustion, depersonalization, personal accomplishment, job
satisfaction, and turnover intention. Eligible studies included quantitative,
qualitative, and mixeenethods 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 licenseurses were considered eligible.

Theinitial database search identified a total of 380 records. After removifig&80
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 selectiongroces
is summarized in the PRISMA flow diagradrfmure 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] andSERVQUAL [28].

Methodological quality was assessed independently by two reviawgerg the

Joanna Briggs Institute (JBI) Critical Appraisal Checklists. Studies were
categorized as hi B6a%)0Qcnadalty, (<5080 dceording e ( 50
to the proportion of criteria met. Disagreements were resolved through discussion

and consens

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 buont outcomes. Themes were subsequently interpreted through
four theoretical frameworks: Job DemarRissources (JIRR), Conservation of
Resources (COR), Sdlletermination Theory (SDT), and PersBnvironment Fit

(P-E Fit), allowing comparison across diffatehealthcare contexts, including
resourceconstrained settings such as Albania

- " J_ 1. The clectronic databases nsed for data retrieval included relinble sources such as
Identification | _ PubMed, Elsevier, Scopus, Weh of Science, and Google Scholar, The initial
L systematic search identified 380 articles (n=380).

v

— | 2. Duplicates removed (n=80).

'

3. Remaining studies for title/abstract review (n=300)

Sereening | ) l

| 4, Studies excluded in Tull text for inclusion (n= 180)

v

5. Studies excluded after full text review (n=70)
(don’t focus on burnout, are outside the time period)

|
v

Included I _JL | 6. Studies included in the final analysis (n=50)

Figure 2.
The study selection process flow diagram for the systematic literature review on nurse burnout.
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3 Results

3.1 Characteristics of Included Studies

A total of 50 studies met the inclusion crite(leigure 2.). The largest number
originated from the United States (n=22Jhe study included a variety of
geographic contexts, including the United Stgtes22) [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] andChina (n = 5)
[53], [54], [55], [56], [57]representing the largest clusters. Additional studies were
conducted in Turkey (n = 358], [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 singleountry contexts (n = gb7], [68],

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

Most studies were crosectional. The Maslach Burnout Inventory (MBI) was the
most frequently used instrument (n=18], followed by HCAHPS (n=10]9].
Seven studies combined MBI and HCAHPS, seven combined MBI with other
validated measures including the Hardiness Scale-R3L, and PSS
[81,[9],[73].[74].[75], four were literature reviews, and three used alternative tools
such asSERVQUAL [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.-Hliglity
studies generally demonstrated adequate samples, validated instruments (MBI, CBI,
HCAHPS), and ransparent reporting, whereas lovegrality 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 patiento-nurse ratio$3],[4], while studies from China reported elevated
burnout among ICU nurses during and after the CO¥®Dpandemid53], [54],

[55], [56], [57] In Albania, burnout was more closely linked to structural staffing
shortages and resource limitatiorjg6]. Better workload distribution was
consistently associated with lower burnout and turnover intenfi@ns

Emotional labor, including exposure to patient suffering, bereavement, aral-end
life care, was another major contributor to emotional exhaustion and
depersonalizatiorf3],[4],[5]. COVID-19-related moral distress, hypervigilance,
and infection anxiety further increased burnout [i¥. Stress of conscience was
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linked to higher emotional exhaustion and lower personal accomplistifrgnt
while alarm fatigue in technologically dense units further exacerbated [5tréin
Leadership and organizational culture played a critical role. Transformational and
emotionally intelligent leadership were linked to lower burnout and higher job
satisfactior{6],[22],[78], whereas authoritarian or disengaged leadership increased
moral distress and psychological strajA0]. Albanian studies highlighted
leadership improvement as a priority for reducing attrition and strengthening
collaboration15].

Low professional autonomy and unclear role expectations were associated with
higher emotional exhaustion and reduced personal accomplisH&&In30],
whereasempowerment initiatives, shared governance, and clear role definitions
promoted psychological safety and lower burr@6{,[26].

3.4 Burnout Symptoms and Patient Experience

Emotional exhaustion and depersonalization were the most frequently reported
burnout dimensions among MBlased studie§d]. 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 patiexiperience measures consistently
demonstrated that higher burnout was associated with poorer communication, lower
responsiveness, and reduced patient satisfacf@j3],[6]. Conversely,
interventions targeting leadership, teamwork, and communication improved both
nurse wellbeing and patieateported outcomed 3],[63].

3.5 Contextual Differences and Protective Factors

Burnout patterns varied across healthcare systems. Iridtgme countries,
burnout was commonly linked to administrative burden, ICU overload, and
operational inefficiencied3], [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
resourceq15], [80]. Cultural norms also influenced burnout experiences, with
collectivist cultures showing greater vulneralilio moral distresg23].

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]. Individuallevel approaches such as resilience training, peer
mentoring, and mindfulness also demonstrated beri@fds [81]. Leadership
centered interventions, including shared governance and participatory decision
making, improved retention and reddckurnout[63],[78]. Across studies, there
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was broad agreement that interventions should be adapted to local system
constraints, particularly in lowesource settings such as Albajiif].

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 predomintly organizational and systemic phenomenon rather than
solely an individual problem

4.1 Integration with Theoretical Frameworks

The findings strongly support the Job DemaRdsources (MR) model, with
workload intensity, inadequate staffing, and operational inefficiencies consistently
associated with emotional exhaustion and job dissatisfafipfl8], [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 (CQR9] 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, medgnition
promoted resilience and reduced burr@adi,[36],[39],[59].

Findings also aligned with Seletermination Theory (SDT), as professional
autonomy, competence development, and supportive relationships protected against
burnout. Institutional support during crisg51] and interventions such as
mindfulness, resilience training, and mentorship enhanced coping capacity and
motivation[60].

Evidence relating to the Pers@mvironment Fit (FE 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 accomplishmégad], [30], [34].

4.2 Comparing Countries

Although burnout was observed across all settings, contributing factors differed by
context. In highincome 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 satisfaf3jon

By contrast,studies from low and middleincome 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 struct{t} [16]. In China and other Asian
settings, hierarchical management, ICU pressures, and panddatéd stressors
contributed to particularly high burnout levétd, [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 satis{2{idh[6] .
Conversely, improvements in leadership, teamwork, and communication enhanced
patientreported outcomeg63], reinforcing the broader relationship between
workforce weltbeing and healthcare qualida3].

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
exhaustiori22],[78].

Individual interventions, including mindfulness, peer support, and resilience
training, were beneficial but showed greater effectiveness when supported by
favourable organizational conditiof80],[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 depersonalizafz8j. These findings highlight

the need for contexgensitive 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. Interventiased studies, particularly in

low- and middleincome countries, remain limited, while the lack of longitudinal
research restricts understanding of burnout trajectories over time. Qualitative
evidence fom Southeastern Europe is also scarce, and leadership and governance
factors in resourceonstrained systems remain insufficiently explored. Future
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studies should incorporate patientated outcomes and employ longitudinal and
mixed-method designs to evaluate conteghsitive interventions and their loeng
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 lowesource settings such as Albania, addressing staffing
shortages, workload igealities, and organizational limitations will be essential for
improving retention, nurse welleing, 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 frameworksRJOOR, SDT, and

P-E Fit). The use of validated instruments, including MBI, HCAHPS, CBI,
SERVQUAL, and reiliencerelated scales, further strengthened the analysis.
However, most intervention studies originated from Kiglome countries, limiting
generalizability to lowresource settings. The predominance of csessional
studies restricted causal inference, while the inclusion of only Engéisd
Albanianlanguag 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 emged as key contributors to emotional exhaustion and reduced
professional welbeing[3], [4], [15], whereas supportive leadership, professional
autonomy, positive team environments, and resiligsroenoting initiatives were
associated with lower burnout@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 intervdions that strengthened leadership and teamwork
improved both staff and patient outconfigl [13], [63].

Important contextual differences were observed across healthcare systems. High
income countries frequently reported administrative burden and ICU overload as
major stressors, whereas resowcoastrained settings such as Albania faced
challenges related tstaffing shortages, limited career development opportunities,

40



and insufficient managerial supp@t6], [20]. These differences highlight the need

for contextspecific interventions

This review indicateshat sustainable reductions in burnout require sydémel

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 igreatest when embedded within broader organizational
reforms. Addressing burnout as a structural issue is therefore essential for
improving nurse welbeing, retentia, 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 umgpveri
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 aspedtgdot, 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 riskadaction. 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 significandetleory 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 onatg theoretical foundations is essential if and when financial
transparency and accountability, as well as trust in the predapteconomic 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 longtanding waknesses in corporate governance, internal control
systems, and regulatory frameworks. The increasing complexity of financial
transactions, combined witliobalization and digitalization, has further intensified

the risks associated with financial fraudaking 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-pigfile financial
scandals, regulatory reforms, and technological advancements. As a result, both
academic research and professional practice have increasingly focused on
developing more effectevtools and strategies for fraddtection 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 povide 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
technigues?

3. Which sector8 public or private, financial or nefinanciad invest 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 theexisting 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. Subsequenthg 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 combims 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 systematicapproach 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
realworld financial investigations. They emphasize that forensic accounting plays
a critical rde 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 higluality education and practical training are essential
for deweloping 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:

1 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 &999).

I 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).

1 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 largeale 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. Howey, 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:

1 Document Review:The use of systematic methods to examine financial
documentation and identify irregularities or violations (Hopwood et al.,
2008).

1 Interviews and Interrogations: Interviews with individuals involved to
gather evidence and uncover hidden information (Golden et al., 2006).

1 Forensic Analysis of TransactionsA detailed examination of financial
transactions to trace money flows and document fraudulent activities
(Golden et al., 2006).

Forensic audits are particularly suitable fordepth investigations requiring
detailed examination of financial records and direct interaction with involved
parties. They provide reliable and wdtbcumented evidence that can be used in
legal proceedingsHowever, they are often tirmnsuming, resoure@tensive,
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:

1 Tracing: Following the flow of money from its source to its destination
through detailed transaction analysis (Crumbley et al., 2003).
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1 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).

1 Asset RecoveryUsing 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 coordinatin 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 exploradnliometricreview 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, hamely 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:
fiforensic accountiamdf onédhchbald fileaedti omestigati

The inclusion of studies was based on the following criteria:
1. articles published in pegeviewed scientific journals,
2. written in English,
3. published within the period 2002025,
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 angudligh
literature.

The methodology applied provides a structured and reliable analysis of the literature
on forensic accounting ovéne period 20002025, 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 Met#\nalyses) 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 criterigpeem
reviewed documentsvere 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 {ZIiD) was
relatively limited andprimarily focused on defining the concept of forensic

accounting and distinguishing it from traditional auditing.
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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:

1 increasing global financial scandals,
1 rising complexity of financial fraud,
1 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 fraudcontrol, internal controls, governance, strategy maps, sectoral

applications, and digital tools such as big data andlrased systems.
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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 subjectatter 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, datmining, and digital forensic practices to detect and prevent
financial fraud. The importance of this theme demonstrates a notable move towards
technologybased forensic accounting in response to the increased complexity of
financial systems and digitatainsactions. 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 knowlgd, 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

55



professionals in the field as well. Next comes forensic audit and investigatien

core emphasis of the discipline. Studies in this field highlight the importance of
forensic accounting in enabling audit processes, improving fraud detection, and
conduting 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 cortgystems. 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 repné a way forensic accounting can
serve in the wider organizational plan to prevent fraud.

A third trend is methodological. The collection contains many empirical
guantitative studies, along with review articles and conceptual papers. That
indicates the field is no longer only theoretical; it is increasingly testing
relationships such as foreasiudii fraud control, internal controfraud diagnosis,

and technologyfraud 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/datanalytic technique 2
Curriculum development 1

Table 1

Methodology detected in literature

Overall, the findings suggest that forensic accounting researmtbniated by
empirical survey-based studies supported by a considerable number of
conceptual and reviewased works. However, there is a noticeable lack of:

1 advanced analytical and experimental methodologies,
1 technologydriven empirical research,
1 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 requiregreater 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 survepased, while fewer appear to use strong longitudinal datasets,
experiments, or crogountry comparative designs. That means the literature still
needs more ralst 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 Al/ 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 mderrepresented 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 Aassisted fraud detection, machine learning validation, blockchain
related feensic 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 iket 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 literaturaggests 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 adanks, 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 datmtensive and technologgnabled methods. However,

this shift isstill 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 acapacitybuilding 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 wih emerging digital tools.
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Dynamic Strategic Asset Allocation for
Sovereign Wealth Funds: A Bayesian EVT and
Copula-Based Framework for LongTerm
Growth Sustainability

Gunay Valiyeva

Department of Economym Azerbaijan State University of Economics, Baku,
Azerbaijan
gunay valiyeva@unec.edu.az

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 gétomgrowth sustinability

under volatile market conditions. The proposed method replaces statigetisk
assumptions with reglme adaptive modules: a Bayesian EVT component estimates tail risk
through generalized Pareto distributions and MCMC sampling, while a aopudule
captures nonlinear crosasset dependencies during extreme events. These outputs feed into
a dynamic optimization engine that solves a mé&@aR problem with timearying inputs,
ensuring portfolio weights adjust to evolving market regimes. Tlaeework is
computationally tractable, employing Stan for Bayesian inference, TensorFlow Probability
for high-dimensional copula modeling, and a quantimspired solver for nomonvex
optimization. Moreover, the closdédop design enforces risk limits thrglu feedback
mechanisms, aligning shetérm adjustments with loAgrm objectives. Our contributions
include a novel synthesis of sepairametric EVT and copula tails within a Bayesian
framework, as well as a practical implementation for lasgale portftios. 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 andweeld 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 maintainingdong
growth sustainability, particularly in resourdependent economies like
Azerbaijan, where oil price volatility directly impacts fiscal stability. Traditional
Strategic Asset Atication (SAA) methods, rooted in meaariance 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 underesatite tail risks and misrepresent crasset
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, esipdly 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 umdeplored.

We propose a dynamic SAA methodology that synthesizes these approaches into a
unified system. Our framework employs the peakrthreshold (POT) method

from EVT to model tail events, coupled with vine copulas to assessasesstail
dependence. A Bayies updating mechanism then adjusts portfolio weights in
response to evolving market conditions, ensuring alignment with-tkmng
objectives while mitigating sheterm risks. This approach addresses three critical
gaps in current practice: (1) the inalyilof static models to adapt to regime shifts,

(2) the oversimplification of tail risk dynamics in conventional optimization, and

(3) the computational intractability of higtimensional dependence modeling in
realworld portfolios.

The contribution of this work is threefold. First, we develop a gmmametric

BayesiarEVT model that dynamically estimates tail risk parameters, overcoming

the limitations of fixeedistribution assumptions. Second, we integrate vine copulas

to capture symmetric tail dependencies, enabling more accurate stress testing.

Third, we demonstrate the frameworkds practical
on Azerbaijands State Oil Fun dadjgse®F AZ) , showi n
returns during commodity jme 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 preents our integrated framework, detailing its components and
optimization mechani cs. Section 5 applies the
comparing its performance against traditional approaches. Section 6 discusses

policy implications and future researchetitions, 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 cuttingedge statistical techniques with reabrld constraints, we
provide a blueprinfor 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),-rtsk modeling, and
Bayesian methods has garnered significant attention in recent years, particularly
among institutional investors with lostgrm horizons. Traditional SAA
frameworks, rooted in M&pwitz's mearvariance 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 subogtingk 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 modelsapaire 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
Valueat-Risk (VaR) and Conditional ValdatRisk (CVaR), in portfolio
construction. Extreme value theory (EVT) has emerged as a powerful tool for
modeling tail behavior, with he peakoverthreshold (POT) method being
particularly effective for financial applications [39]. Sepdarametric extensions of
EVT, which combine parametric tail models with nonparametric central
distributions, have shown superior performance in captutireg 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 ValuatRisk (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 EV*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, rgime-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 crosasset 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 qulas, in particular, are widely used for their ability to
capture lower and uppetail dependence, respectively [30]. The application of
copulabased multivariate models and Bayesian opinion pooling contributes to the
theoretical framework by enablingettdecomposition 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 modelingotatility
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 ruaiptured by traditional correlatidrased
models [7] [18] [35] [49] [48] [37] [40] [5] [24] [50] [27] [34] [6] [13] [12].

Recent work has extended copula models to-digiensional settings using vine
copulas, which decompose complex dependencies into pairwise interactions. These
methods have been applied to portfolio optimization, demonstrating improved risk
assessment dugnmarket stress [43]. Nevertheless, computational challenges
remain, especially for larggcale 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 quantifiation, 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 Gopula
based frameworks advances the theoattiunderstanding 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 ¢endence structures. Sepdrametric 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 addressig their joint implications for portfolio allocation.

Regimeswitching models paired with copulas or Markawitching frameworks
capture nonlinear, timearying asset return relationships and tail dependencies.
These techniques enable dynamic timing of portfolio adjustments in response to
market states, impuing risk-return tradeoffs in emerging markets [18] [28] [35]

[48] [40] [42] [50] [12] [11]. Conditional ValuatRisk (CVaR) and Conditional
CoVaR are frequently employed to assess downside risk and systemic risk
spillovers relevant for sovereign wealtlinds. These risk measures provide
enhanced sensitivity to tail events and irdeset 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 maciffinancial linkages.Studies emphasize the importance of
incorporating countrgpecific 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, copidased tail dependence, and adaptive
optimization. Unlike static or regim&witching models, our approach continuously
updates risk parameters using rtale 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 neconvexities in theoptimization 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 lotgyrm growth with robust risk management. The

empirical application to SOFAZ6s portfolio den
setting it apart fronpurely 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 estimatio These tools collectively address the limitations of traditional
approaches while maintaining computational tractability for laggde 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
peakoverthreshold (POT) approach, a cornerstone of EVT, models exceedances
above a high thehold6 using the generalized Pareto distribution (GPD):

w o6 7
f

where, is the shape parameter determining tail heaviness #melscale parameter.

The choice of threshold involves a biassariance tradeoff too low introduces
nonttail observations while too high yields few exceedances. The mean residual life
plot and stability of parameter estimates across thresholds provide practical
selection criteria[8].

O w p p o, (1)

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
assetscrucial for portfolio risk assessmemt.  YifeEiY ; [ @Y, 06

3.3 Copula Functions for Dependence Modeling

Copulas separate marginal distributions from dependence structures, enabling
flexible modeling of multivariate relationships. For a random vegjor
G B with joint distribution™Oand marginal8O, Skl ar 6s t heorem states:

"OG B 6 "0 & M0 o (2)
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where6 is the copula function In tail risk applications, the focus lies on copulas that
capture asymmetric dependence, such as:

1 Clayton copula: Stronger lower tail dependence

1 Gumbel copula: Stronger upper tail dependence

1 Studenit 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 gaipula
families.

3.4 Bayesianinference for Adaptive Estimation

Bayesian methods provide a natural mechanism to update risk parameters as new
data arrives. Given prioff — and likelihoodn fs—, the posterior distribution
follows:

n-g °nns—Nn— (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 modgl[19].

The Bayesian framework naturally accommodates-trarging parameters through
statespace models. For copula paramet&rsa random walk evolution:

% % T hf{ DOT (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 EVT Copula Framework for Tail -Risk-Aware
SAA

The proposed framework integrates Bayesian extreme value theory (EVT) with
copulabased dependence modeling to create a dynamic SAA system that adapts to
evolving market conditions. This approach addresses the limitations of static
models by continuouslypdating tail risk estimates and cressset dependencies
through a closetbop feedback mechanism. The system operates through three
interconnected modules: a Bayesian EVT estimator for -tiamging tail
parameters, a copulzased dependence structure gmad, and a dynamic
optimization engine.
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3.4.2 Applying Bayesian Updating with SemiParametric EVT and
Copula-Based Tail Dependence to TaiRisk-Aware SAA

The core innovation lies in the joint estimation of tail risks and dependence
structures through a Bayesian sgrarametric framework. For each as$it the
portfolio, we model exceedancés; 'Y, O above threshold using the
generalized Pareto distribution (GPD):

“ T
“ - , Wp
Qs i, L 2 (5)

where, controls tail heaviness and the scale. We specify hierarchical priors for
these parameters:

, DO At h , DGammabh (6)

The hyperparameters it B H  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 vargiihgehaviors.

For dependence modeling, we employ a vine copula construction that combines
pair-copulas6 ¢ for variables @Q conditioned on selD. The joint density

decomposes as:

"l O h s O ¢ M | (7)
where’O denotes edges in tr@éeof 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 -vianging
dependence matri® captures evolving tail connections:

Q  _ (8)
where_ ; measures tail dependence between a&etdQat timed. 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 higimensional parameter space. For each
observation windowo &, we:

1. Sample GPD parametersh, using HMC with NeU-Turn sampling

2. Estimate vine copula structure via sequential-trgéree 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 threshdta each asset
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adapts based on the timarying volatility estimate, ;, maintaining 6
8o L, ; Wwhere is the standard normal CDF.

3.4.3 Formulating and Solving the Dynamic Mean CVaR Optimization
Problem

The dynamic optimization problem builds upon the twaeying risk measures
derived from the Bayesian EVT and copula modules.”Let 0 8D
denote the portfolio weights at tim& where'Q represents the number of asset
classes. The conditional VahadRisk (CVaR) at confidence levelis expressed
as:

cvaRT M 1Aa° 71\ VaR’ (9)

Here,1 denotes the vector of asset returns, &d R is the ValueatRisk
threshold derived from the GPBased 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:

[[EGVaRT s. fl. "h T v2 (10)

where represents the Bayesiapdated expected returns, and encodes
constraints such as budget constrabits 0 ;  p and sectospecific limits. The
targetreturri 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 norconvex problem efficiently, we employ a tvetage approach.
First, the CVaR constraint is approximated using tReckafellarUryasev
formulation [41]:

CVaR’ i El- —v 711/ - (11)
Ng p |

where— is an auxiliary variable representisvga R, and @ i A @fr. The

expectation is estimated using Monte Carlo samples from the posterior predictive

distribution of ) , which incorporates both tail risk and dependence structure

uncertainty.

Second, the problem is reformulated as a stochastic program and solved via
guantuminspired differential evolution, which handles roonvexity and high
dimensionality more effectively than classical gradieased methods [21]. The
solver iteratively updas candidate solutions by combining mutation, crossover,
and selection operations, guided by a fitness function that penalizes constraint
violations.

The output is a set of Paredptimal weights* that balance tail risk and return
objectives. These weights are rebalanced quarterly, withpettiad 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
meanCVaR problem efficiently. At the core lies a hybrid architecture combining
Stan for Bayesian inference, TensorFlow Probability for copula operations, and a
quantuminspired solver for the nowwonvex optimization. This design addresses the
computational challenges posed by hidjmensional portfolios and nonlinear
constraints.

The first layer handles the Bayesian posterior sampling for EVT parameters. Let
— . h denote the GPD parameters at tim&Ve implement Hamiltonian
Monte Carlo (HMC) with the NdJ-Turn Sampler (NUTS) in Stan, which
adaptively tunes step sizes and trajectory lengths. Thiklgihood for the POT
model decomposes as:

I NQs— I i@xs o (12)
d

where "Qis the GPD density from Equation (5). Parallel chains run on-GPU
accelerated hardware, reducing wabck time for largeQ

The second layer computes the vine copula structure using TensorFlow

Probability6s automat icopulddi {,iveeavauatetheat i on .

AIC-corrected logikelihood:
by 116G 040 giMos penddt(yls)

whereo ¢ ; denotes the transformed ranks conditioned oriCsednd%.  are

copula parameters. The vine structure is rebuilt quarterly via a greedy algorithm that
maxi mi zes t he s umtvalliiesa éashdréelevek Kendal | 6s

The third layer solves the me&VaR optimization using a quantdimspired
differential evolution (QDE) algorithm. The solver represents candidate solutions
‘| as qubit strings, applying quantum rotation gates for mutation:

Tel 2A00E  (14)

where€ is a Hadamardike operator inducing exploratiof, controls rotation
angles, and denotes elementise multiplication. The fithess function combines
CVaR and return constraints:

T cvaRl _ Aatr 7l (15)
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with _ dynamically adjusted based on constraint violation history. The QDE
outperforms classical DE in escaping local optima, particularl@forc 1t

To ensure redime tractability, the implementation employs three key

optimizations: (1) preomputing the vine copula density on a grid for fast
interpolation, (2) warns t ar ti ng t he QDE with the previous
(3) parallelizing CVaR estiation across Monte Carlo samples. For aas€et

portfolio, the full optimization completes within 15 minutes on ac8& 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 clostabp feedback mechanism that adjusts the
targetreturri in Equation (10) based on realized tail risk breaches. The mechanism
operates via a proportiongitegral (PI) controller, a classical control theory tool
adapted for financial risk management.

Let V a'® 2! dénbte the observed Vaha¢Risk over the periodd pfo, and
VaR'"®i"We? maxi mum acceptable |l evel specified
error termQ measures the deviation:

Q VangealiveadtWresh(olldG)

The target returit then updates as:
0Q U Q (17)

where 0 and 0 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 t& (whenQ T
occur faster than upward revisions, reflecting the greater urgency of risk
mitigation versus return maximization.

5. Saturation Limits: ” remains bounded within” i B ma, €nsuring
alignment wi ttarmobleetive.undés | ong

6. Event-Driven Overrides: Extreme market shocks (e.g/,a'®?3' ' 2¢d
¢ Va'R' ey tighér immediate rebalancing regardless of the regular
schedule.

7
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The updated feeds back into the medtivaR optimization in Equation (10),
creating a seltorrecting loop. This mechanism replaces-had risk limit
adjustments with a systematic approach that balances responsiveness and stability.

The Pl contr ol andir drescaliprated aianrdstorical simulation to
minimize two objectives:

PET @ r v (18)

where[ controls the tradeff between risk limit adherence and target return
stability. The calibration uses rolling windows of 5 years, ensuring adaptation to
changing market volatility regimes.

This closedoop design provides three key advantages over static risk limits:

7. Dynamic Risk Budgeting Automatically reduces return targets during
high-volatility periods, preventing excessive Fking.

8. Regime Adaptation Gradually increase$ during stable periods to
capture growth opportunities.

9. Computational Efficiency: The linear Pl structure adds minimal overhead
to the optimization process.

Thefeedback 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 translatetm actionable portfolio adjustments that preserve 4ong
term sustainability.

4 Empirical Application to Sovereign Wealth Fund
Portfolios

To validate the proposed framework, we implement it on the portfolio of
Azerbaijanbds State Oil Fund (SOFAZ), a $45 bil
allocations across equities, fixed income, real estate, and gold. The empirical

analysis covers 2012023, including periods of oil price volatility (2022016) 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. RegimeSwitching (RS} Hidden Markov model with two volatility states

4.1 Data and Implementation

The asset universe comprises:

1 Global Equities: MSCI World Index

1 Emerging Market Bonds: JPM EMBI Global Diversified
1 Gold: LBMA Gold Price

1 Real Estate FTSE EPRA/NAREIT Global Index

1 Oil: Brent Crudd-utures

Daily returns are sourced from Bloomberg, with Bayesian updating performed
weekly. The EVT threshold is set at the 95th percentile for each asset, estimated
via the method described in Section 3.1. For the copula module, we us@éa D
structure with Studerit pair-copulas, selected via Bayesian information criterion
(BIC).

4.2 Performance Metrics

We evaluate portfolios using:

1 Annualized Return

1 Volatility
1 CVaR .: Conditional ValueatRisk
1 Tail Dependence Realization (TDR)-B \Mj oi nt exceedances
! Turnover:-B "~ 1~
Table 1 summarizes the results
Metric Propos St aMV ¢ Ri sk P Regi-m
Swi tch
Return 6. 2 5.1 4. 8 5.7
Vol atil 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
Turnove| 0.45 0.12 0.08 0.33
Table 1.

Portfolio Performance Comparison (202023)
Source: Prepared by the author based on data from Central Bank of Azerbaijan, IMF/World Bank
(20102023), IMF World Economic Outlook
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The proposed framewordchieves superior riskdjusted returns (Sharpe ratio 0.60

vs 0.420.52 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
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Figure 1 shows the dynamic CVaR estimates vers
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 (90#7.5th
percentiles)
14. Copula Specification Comparing DBvine with Gvine and Rvine
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 fordsket portfolios.

5 Discussion, Policy Implications, and Future
Research Directions

5.1 Limitations of the Dynamic Bayesian EVT Copula
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 portfolos (e.g., >100 assets). Although the vine copula structure
mitigates the curse of dimensionality, r¢iahe implementation may require
approximation techniques for very high dimensions. Second, the model assumes
stationarity in tail behavior over short feons, 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 methodologyébés adaptability makes it suitab
facing similar challenges. Pension funds with ldeaign 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 fo assediability matching in Solvency Il regimes. The feedback
mechanism also has potential in macroprudential policy, where automatic
stabilizers could adjust systemic risk buffers based ortiraalmarket monitoring.

5.3 Robustnessof the Framework under Different
Assumptions

Stress testing reveals two critical dependenci ¢

sensitive to the copula family selection in the vine structure. While Stident
copulas generally perform well, markets exhibiting asymmetric tail dependence

(e.g.,duringif |l ash crasheso0) may require more

copulas. Second, the Bayesian updating frequency impacts desidekly updates
capture volatility clustering effectively but may overreact to sheed shocks. A
hybrid approach thatombines frequent parameter monitoring with slewewving
allocation changes could enhance stability without sacrificing responsiveness.

6 Policy Implications for Sovereign Wealth
Management

The frameworkoés ability to quantify tail

for SWF governance. First, it enables explicit communication of extreme risk
exposures to stakeholders, supporting more informed risk tolerance decisions.
Second, the dynamiCVaR limits could be integrated into investment mandates,
replacing static | everage constraints
stresstesting capabilities facilitate compliance with initiatives like the Santiago
Principles, particularly fnhciple 14 on risk management frameworks. For
commoditybased funds, the edquity 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., optieimplied volatilities) could enhance the Bayesian
updating process. Second, machine learning techniques might automate threshold
selection ad 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 EV@opula framework presented in this study offers a
robust solution for sovereign wealth funds navigating volatile markets while
pursuing longterm growth sustainability. By integrating adaptive tail risk
modeling, timevarying depedence structures, and closledp optimization, the
approach addresses critical gaps in traditional strategic asset allocation methods.

The empirical application to SOFAZbs portfo
improvements in ristadjusted returns, particulartiuring periods of market stress,
validating the frameworkdéds practical wutility.

Key innovations include the synthesis of sqrarametric EVT with Bayesian
updating, enabling redgime adjustments to tail risk estimates, and the use of vine
copulas to capture complex cremsset dependencies during extreme events. The
feedbackdriven gtimization ensures portfolio allocations remain aligned with
evolving risk tolerances, balancing shtatm market dynamics with loAgrm
objectives. These advancements provide SWFs with a systematic approach to
mitigate downside risks without sacrifigjrgrowth potential.

The frameworkds scalability and cemputational e
scale portfolios, while its modular design allows for extensions to incorporate

additional risk factors or asset classes. Future work could explore applications

beyond soveeign wealth management, such as pension funds or insurance

portfolios, where similar challenges in tail risk management arise. The methodology

also opens avenues for integrating forwknoking risk indicators or sustainability

constraints, further enhaing its relevance in evolving financial landscapes.

Ultimately, this research bridges the gap between theoretical risk modeling and
practical portfolio management, offering institutional investors a-dat&n tool to
navigate uncertainty. By moving beyond static assumptions and embracing dynamic
adaptatia, 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 poliepriented cyclicality and state interventionism, yet a systematic
synthesis of the existing literature remains underexplored. This paper rdtie\wgerplay
between politicakconomic 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 riiines 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 outconaesoss 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 cdli 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 goarnance 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 theomplex dynamics of policy cyclicality and institutional evolution in
transition economies.
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1 Introduction

The institutional transformation of transition econor@i¢sose shifting from
centrally planned to marketriented systendshas been a subject of enduring
scholarly interest since the late 20th century. These economies, spanning Eastern
Europe, Central Asiaand 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, andtitutional 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, ecent scholarship has highlighted the
resilience of statéed development models, particularly in resowrich 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. Pasicialist states, for instance, have witnessed
recuring cycles of deregulation and-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 stateapitalism 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 esurgence of state interventionism in recent
year® evident in industrial policies, fiscal stimulus measures, and strategic sectoral
control® challenges the assumption that transition economies inevitably converge
toward laissefaire governance [7].

Despite the growing body of literature, critical gaps persist in understanding the
drivers and consequences of polmyented cyclicality. First, the existing research
often treats transition economies as a monolithic bloc, overlooking regional and
subnaibnal variations in institutional adaptation [25]. Second, while political
business cycles and fiscal governance have received considerable attention, the role
of state intervention in shaping lotgrm development outcomes remains under
theorized [52]. Thd, 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 institutinsd key arenas of state interventmre 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 whit such policies either foster resilience or exacerbate vulnerabilities. This
inquiry is particularly timely given the global resurgence of industrial policies and
thereeval uati on of n e o | #rénsitiora $ocietiaw §6&]. Thee gacy i n pos
contributbn 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
perspectiveon 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 longterm welfaremplications of statded 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 clusrs: research trends, political business cycles, state capitalism,
industrial policies, regional development trajectories, fiscal and monetary
governance, energgnvironmental policies, and welfasenployment relations.
Section 4 discusses the synthesifgdlings, 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
economystudies. Web of Science was selected as the primary database due to its
comprehensive indexing of higlmpact journals in economics and political science.
Scopus provided complementary coverage, particularly for interdisciplinary studies
bridging institutonal theory and development economics. ScienceDirect was
included to capture poliegriented research published in applied economics
journals. SpringerLink facilitated access to book chapters and conference
proceedings, which often contain nuanced casdiestuon 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 f @rentedcore conceptu
Cyclicalit-Based GyPolliicgl i ty, o (2) fAState I nter
I ntervention, o (3) fAlnstitutional Transformatic
i Tr aonns i B d o n(Figure d)sBoodean operators and proximity filters were

applied to refine results, with explicit exclusion of review papers, survey articles,

and meteanalyses to focus on primary research. The temporal scope was limited to

2018 2024 to captre 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 ontexts. State capitalism and economic governance
explore the reconfiguration of statearket relations, including the role of state
owned enterprises and strategic sectoral controls. Industrial and economic policies
are analyzed comparatively across caest with attention to path dependencies
and innovation systems. Economic transition and development in specific regions
highlight subnational and cros®rder variations in institutional adaptation. Fiscal
and monetary policy and governance assess tbkcality 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 focusbon |
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 innee&@wed
journals or academically vetted books; Englieinguage availability; and
publication within the 2018024 timeframe. Exclusion criteria eliminated studies
lacking primary data or theoretical innovation, those focused exclusively on
advanced economies without tsition 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 FramewoikDrivers, Mediators & Outcomes
of Policy-Oriented Cyclicality in Transition Economies

2.4 Results

The temporal distribution of publications reveals distinct patterns in scholarly
attention to policyoriented cyclicality and state interventionism in transition
economies. Between 2018 and 2025, research output demonstrates fluctuating yet
generally incrasing engagement with the topic, peaking in 2020 and 2023. The
surge in publications during these years coincides with global economic
disruption® the early COVID19 pandemic and subsequent recovery pl@ases
which intensified debates about the role of sta&rvention 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 pesbcialist industrial restructuring. Fiscal and monetary
governance emerges as a {aleoming focus, with four studies concentrated in
2023 alone, likely responding to inflationary pressures and debt sustainability
challenges in Eastern Europe. In contrastlfare state and employment relations
remain markedly understudied, with only three publications clustered at the
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temporal periphery (2022025), 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 ahEuropean transition contexts.

Methodological preferences have evolved alongside these thematic shifts. Early
studies (20182020) predominantly employed qualitative case methods to dissect
idiosyncratic national experiences, whereas later works {ZU2b) increasingly
utilize quantitaive techniques to model policy cyclicality through fiscal and
monetary indicators. This transition mirrors broader disciplinary trends in political
economy but risks marginalizing institutional nuafce tension particularly
evident in energyenvironmentapolicy research, where singt®untry case studies
struggle to inform croseegional theory building. The scarcity of mixetethods
designs (only three identified studies) represents a missed opportunity to bridge
macralevel cyclical patterns with micrtevel 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 structas 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 thegese 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
cental banks and fiscal rules in many transition economies amplifies the scope for
pre-electoral manipulation, particularly through expenditure reallocation rather than
broadbased stimulus. Conversely, the case study of Albania [37] provides
empirical evidene of pronounced budget cycles in a po@inmunist 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 arutiny, 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 ard 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 executiverénches 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, whreas more established transition democracies exhibit cycles
mediated through formal legislative changes. The absence of independent monetary
authorities in several peStoviet states further exacerbates the synchronization of
fiscal and monetary expans®nduring electoral periods. These variations
underscore the need for conteensitive models that account for the hybrid
institutional architectures characteristic of transition economies.

3.1 StateCapitalism and Economic Governance

The literature on state capitalism in transition economies reveals a spectrum of
governance models that challenge conventional dichotomies between market and
stateled development. These models exhibit varying degrees of institutional
hybridization, whereslements of socialist legacies coexist with maxkétnted
reforms. The studies demonstrate how transition economies have adapted global
economic governance frameworks to accommodate state capitalist practices while
maintaining international economic igt&tion.

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 adjusients to the persistence of statened 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 econ@shave 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
democraticonsolidation. 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 shoterm growth through resource extraction or
infrastructure spending HE 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 fundament al i

phenomenon describes governmentsdeatoy diverse interventionist todlsrom
golden shares in privatized firms to strategic procurement pdicidsle
maintaining rhetorical commitment to free markets. The study identified 2088

as a period of cyclical oscillation between intervensonand laissefaire
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 -Bowiet
administrative structures for economic management. East Asian transition
economies dematrate more flexible forms of state guidance, combining industrial
policy with exportoriented growth strategies. Central European cases show hybrid
arrangements where EU membership constraints coexist with nationalist economic
policies. These regional @i#frences suggest that state capitalism in transition
economies is not a monolithic phenomenon but rather a set of cepewific
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 statdirected development models and marteénted reforms, creating
distinct patterns of institutional hybridization across regions. The literature
demonstrates how transition economies have reinterpreted industrial policy
paradigms to address structural tfansation challenges while navigating the
constraints of global economic governance regimes.

The global debate on industrial policy transition [58] highlights the persistent
tension between competitiariented approaches and strategic sitatiervention.

This study identifies two dominant paradigms in transition economies: the
iregul atory statebo rronébeming polioipsh arsl itlei n g
fdevel opment al statedo approach favori
suggests thasuccessful 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 -steteket
configurations in China and Indiaés rural trans
centralized planning with localized experimentation, creating a dynamic policy

ecosystem that adaptio regional disparities. The state maintains decisive influence

over land use and input markets while permitting market mechanisms in output
distribution. Indiabs approach demonstrates gre
competing central and staevel policies often creating implementation

bottlenecks. This comparison underscores how transition economies reconcile

socialist legacies with market integration imperatives in critical sectors like

agriculture.

The examinat i o-mdeperidende rindustdafizationp[&] ¢races the
evolution from imporsubstitution 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 formamarket 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 missiororiented policies and strategic pubfidvate partnerships as
emerging tools in transition economy policy toolkits, moving beyond the
dichotomies of earlier reform periods.

European postrisis 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 systac shocks.

The theoretical synthesis of development economics [11] provides important

context for understanding industrial policy evolution. By tracing the intellectual

trajectory from Schumpeterian innovation theor
contemporary newelelopmentalism, 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 prewture liberalization in weak institutional environments can
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undermine longerm development. This analysis helps explain the varied outcomes
of industrial policies across transition regions, with East Asian cases generally
demonstrating more successful capabifityilding than posSoviet 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
fiblank slatedo assumptions prevalent
suggesting instead that effective transformation builds incrementally on existing
institutional foundations.

The regional variation in industrial policy approaches reflects deeper institutional
and historical differences. PeSbviet economies initially pursued radical
liberalization before partially reverting to stdéel 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-ilifluenced hybrid models combining
competition policy with selective iatvention. 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,
contextsensitive industrial policies in transition economies. Rather than ideological
adherence to either steedl or markedriven 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 trasition economies.

3.3 RegionalDynamics 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 frameworkad localized economic realities.

The study of posBoviet 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 identifieggical
government inteventions 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 systenisherited 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 istation. The analysis suggests that conventional
monetary policies prove ineffective in such contexts, requiring instead targeted
institutional reforms to improve financial intermediation.

Ser bi adosflict pransition [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, creatingytorid 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 highlightthe challenges of maintaining policy coherence
when transitional institutions lack the capacity to implement consistent reform
agendas.

The examination of Serbiads regional
growth models can exacerbate spatial inequalities. The study identifies- a self
reinforcing cycle where industrial concentration in northern regions attracts
disproportionate inv&ment, 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 analysiggests that such imbalances may
become institutionalized without deliberate corrective policies, creating lasting
obstacles to cohesive national development.

mb a l

Sudanoés peace process [ 13] il lustrates t

frameworks in achieving substantive economic transformation. Despite
comprehensive peace agreements, the study finds thatopfiect economic
structures and power relations pstsconstraining 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 tréamsinetrics to assess substantive changes

in economic governance and resource distribution.

At the firm level, product innovation studies [41] challenge conventional
assumptions about rigleturn profiles in transition economies. The analysis reveals
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an inverse relationship where higkk 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, wherweak intellectual property protections and underdeveloped

venture capital mar kets distort firmsd innovat.i
transitional institutional environments create unique constraints on knowledge

intensive development.

Simulated Econometric Series - Political Business Cycle Model
(Nlustrative: 15-Year Quarterly Panel, n=60)
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Figure 2.
Simulated Econometric Seriedolitical Business Cycle Model
Shaded areas = electoral quartersy&ar quarterly panel (n=60, illustrative)

Agricultural sector analyses [22] document how dairy farm investment behavior

adapts to transitional policy -andseemnnt ai nty. The
pattern among farmers, who delay capital investments during periods of policy flux.

This cautobus 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 gvth 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 institianal fragmentation and developmental disparities (Figure

2). These findings underscore the importance of pdacssitive policy frameworks

that account for regional specificities in institutional capacity, sectoral composition,
and integration into globalalue 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 macreconomic stabilization tools with transitional institutional
innovations, creating complex governance challenges. The literature reveals
persistent tensions between rubEsed frameworks and discretionary intervention,
with outcomes varying across regaontexts and stages of transition.

The study of countegyclical fiscal rules [32] demonstrates how transition
economies struggle to implement stabilizingmeworks amid political pressures.

The analysis contrasts formal fiscal rules with deeper institutional capacities,
finding that rule adoption alone fails to mitigate {mclicality without
complementary governance reforms. Transition economies witk tgaaucratic
traditions oft en-adoptng anvancedfeconomy framdwarksc r y o
while maintaining discretionary implementation practices. This gap between formal
institutions and operational realities creates cyclical policy volatility, qdatily

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 Stabilty and Growth Pact requirements to couspgcific

recommendations generate comfnce 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 thaeth EU6 s fAprocedur al entrapm
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 ruledased frameworks become politicized through technical
adjustments to deficit measurememd 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 overelying on technial 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 inflatargeting regimes prerisis
enjoyed greatdatitude for unconventional interventions during crises. This finding
challenge conventional wisdom about the traffebetween policy flexibility and
credibility, suggesting that welhstitutionalized transition economies can deploy
discretionary measusenithout 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 tgging systems. These approaches attempt to reconcile-tshart
stabilization needs with loRgerm ecological modernization goals, though
implementation faces challenges in institutional fragmentation and measurement
capacities. The research suggeststthatition economies may possess advantages

in pioneering such integrated approaches due to their experience with systemic
economic transformations.

Evolutionary macreinance research [19] introduces the concept of institutional
supercycles to analyze loitgrm policy regime shifts. The study identifies recurring
patterns where transitional institutional arrangements initially stabilize before
enterirg 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 fmear ndure of institutional development in
transitional contexts, with implications for policy sequencing and reform timing.

The fiscatmonetary 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 pticy transmission mechanisms. These structural features often
necessitate unorthodox policy mixes that combine elements of inflation targeting
with selective credit controls and qudisical operations. The literature suggests
that successful navigation dhese 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:$mset cases
show more pronounceti/clicality and executive dominance over macroeconomic
management, with frequent ad hoc adjustments to formal frameworks. East Asian
transition economies maintain strategic flexibility, blending -hésed elements

with discretionary industrial policy supps. These variations underscore how
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transitional policy governance remains contingent on broader polamaiomic
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 cependence 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 adaption, 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

ficar beinn ol ocecfkf ect, where |l egacy infrastructure,
dependencies create resistance to energy transitions. Political cycles emerge as

particularly influential, with renewable energy investments often sacrificed during

economic downturns to preserve fossil fobaked employment and revenues. The

analysis revealthat 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 resoudependent regions. The study
distinguishes between preparatory, active, and consolidation phases of transition,
each requiring idtinct 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 withdrawiadtate support during consolidation phases
can trigger regression, as seen in several-posgiet 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 mininglependent economy. Despite marigented reforms, the
study finds that renewable energy growth has been driven bynséatiated power
purchase agreemts rather than pure market forces. This hybrid governance model
combines price signals with strategic state coordination, challenging conventional
dichotomies between stalied and marketriven transitions. The analysis suggests
that transition economiesay 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. -Bosiet economies exhibit the
strongest path dependencies, with energy systems still largely organized around
Sovietera irfrastructure and supply chains. East Asian transition economies
demonstrate more flexible adaptation, leveraging tateed enterprises as
vehicles for both fossil fuel and renewable energy investments. Central European
cases show Elihduced convergenceoward renewable energy targets, though
implementation often reflects national politiedonomic 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 s@pate silos with limited coordination. This fragmentation
stems from socialistra administrative traditions that prioritized sectoral
specialization over crossautting governance. Contemporary reforms struggle to
overcome these legacy structures, resglim 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 whilaintaining sectoral expertise.

The studies collectively highlight the centrality of state intervention in shaping
energy transitions, even in ostensibly mareénted 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. hE 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 pesbcialist reform pressures and global labor market
trends. These systes demonstrate distinct patterns of path dependency and policy
innovation, reflecting the broader politieetonomic 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 tahedding strategies

to more recet employmenfriendly 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 contributionbased berfis 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 earningdated benefits.

The Austrian case study [45] provides a nuanced longitudinal analysis of welfare
state development in a prototypical Bismarckian context. The research identifies
fiJahaesedo reform patterns si{aperatisthe
structures havepersisted 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 meaththan 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 ecoadransformation.

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 Elével social dialogue and framework agreements,
which have create 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 @afially 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 institutionalizationrass 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 integation 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-Specific Findings

Source: Prepared by the author based on the summary of ctevghnsights drawfrom the

reviewed literature.

The governance of welfare and employment systems shows significant regional
variation. PosSoviet cases exhibit more fragmented and informalized systems,
with weak social partner organizations and discretionary benefit allocation. Central
European transiin 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
socialistera commitments to ungvsal basic protections. These differences
underscore how welfare state transformation remains deeply embedded in broader
political-economic contexts rather than converging toward a single model.
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Table 2.
Eight Thematic DimensiorisKey Findings
Source: Each thematic cluster is mapped by the author to its core findings, representative countries,
dominant methodologies, and primary variables identified in the revitteeature.

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 structurg, 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 researalggests that successful welfare state adaptation
requires balancing international policy learning with sensitivity to domestic
institutional legacies and politicalconomic constraints.

7 Discussion

The synthesis of findings across the reviewed literature reveals several critical
patterns that reshape our understanding of palitgnted cyclicality and state
interventionism in transition economies. Taken together, the studies consistently
demonstratethat institutional transformation follows ndimear trajectories
characterized by recursive adaptation rather than unidirectional convergence toward
marketoriented models. This emergent pattern challenges early transition theories
that predicted a strgintforward 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 definfegture 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 laissdaire approaches fail to capture the nuanced realities of
postsocialist development [54] [10]. Instead, an institutional bricolage framework
better explains how transition economies selectively combine elements from
socialist panning, neoliberal reforms, and developmental state models to address
contextspecific challenges. This theoretical lens helps reconcile seemingly
contradictory findings, such as the coexistence of rigorous fiscal rules with
discretionary industrial polies 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 tb adverse outcomes of shock therapy approaches in som8aqust

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 leaming. 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]. Policymakerm 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 ompodlict
transition ontexts 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 singtntry case studies limits the
generalizability of finéhgs, 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 dywesptimistic 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 hybgovernance 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 policyyclicality across transition contexts. There is particular need
for research examining subnational variations in institutional adaptation, as most
studies focus on natiortdvel policies despite significant withitountry disparities

in reform implementaon [29] [24]. Methodologically, more mixechethods
designs could bridge the current divide between macroeconomic analyses of policy
cycles and micrdevel studies of institutional change mechanisms. The
development of transitional institutional thedrgistinct from both possocialist

and developmental state framewdyksould 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

109



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 conghints 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 popting both perspectives depending on
sectoral and regional contexts [49] [54]. These contradictions suggest that the
institutional transformation of transition economies remains an-epdad process,
shaped by continuous negotiation between path depeide 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 integenerational 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 researchosld 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 sowihl 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 itas an adaptive response to the uncertainties of systemic
transformation [19] [26]. This perspective invites reconsideration of how
institutional quality is assessed in transitional contexteving beyond static
measures of policy consistency to evaluay@asinic governance capacities for
managing cyclical pressures. The emergence of
deploy diverse interventionist tools while maintaining rhetorical commitment to
market principles [43] exemplifies this pragmatic adaptation,ghadts longterm
sustainability remains uncertain. Understanding these nuanced governance
innovations requires abandoning idealized typologies in favor of contextually
grounded analyses that capture the complexity ofweald 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 lineatevelopmental 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 andalgedmnomic
pressures. The findings challenge conventional dichotomies between state and
market governance, instead highlighting contgpecific bricolage of institutional
elements from socialist legacies, neoliberal reforms, and developmental state
appraches.

The practical implications underscore the importance of policy sequencing and
institutional capacitybuilding in managing transitional challenges. Policymakers
must balance sheterm stabilization needs with loftgrm structural
transformation, particuléy 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 esgch should prioritize comparative studies
across undeexamined regions, longitudinal analyses of institutional evolution, and
investigations into the social distributional effects of policy cyclicality. By
advancing these research agendas, scholatsetgm inform the design of resilient
governance systems capable of navigating the complex realities of economic
transition.
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Abstract: The rapid expansion of mobile banking has redefined modern financial ecosystems,

enabling users to perform banking activities anytime and anywhere through digital

pl atfor ms. Despite i ts wi despread adoption, t
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 motiwaéind behavioral
intention. The study seeks to better wunderstand
to continue using mobile banking services. The proposed structural model was empirically

examined using partial least squares structural equatimdeling (PLSSEM) 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.

Keywords: mobile banking, behavioral intention, PREM approach
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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 (Mbanking) has emerged as a prominent model of electronic
banking, enablingcustomers to perform financial transactions through mobile
devices in a flexible, redime, and locatiofindependent [3]. By integrating mobile
technologies with digital financial infrastructures, mobile banking provides users
with immediate access to ammt 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 custorregntric, technalgy-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 didiahks, 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
financi al institutions, the determinants of us:¢
services remain insufficiently clarified. While prior research has extensively

examined iitial 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, andlst 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 ardi 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 mobilenkang. More specifically, the
research ai ms to e-relateti pereeptibne wfluamce ethes 6 risk
development of trust and how trust subsequently shapes motivational factors and

the intention to continue using mobile banking services. By focusiogmimuance

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 (PLSEM) was employed. The analysis is based on
survey data collected from a sample of mobile banking users in Serbia. This
methodological approachnables 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 service 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 communicarti 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 sevice 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 positimapact 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 customertistaction 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 DelLone and McLean Information Systems

Success Model, the Tadkec hnol ogy Fit model , and Hof st ed
dimensions of individualism anghcertainty 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 gpectancy, 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 bankingusers.

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
use's behavior. Privacy and anonymity are very important fooramerce 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 elated 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 echnology, 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 atieer. 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. Baed 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 wusersdé perceptions regarding t

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 folowing hypothesis is formulated:

H2: Perceived privacy has a positive effect on user trust in mobile banking services.

Trust functions as a fundament al rel
psychological comfort and reduces perceived uncertainty in digital interactions
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[18]. In technologymediated environments, higher levels of trust not only increase

acceptance but al so strengthen wuserso6é intrins
orientation toward the service [15]. In the context of mobile banking, trust may
fosteramorgposi ti ve wuser experience, thereby enhanc

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, thaiintention 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 deveped:

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 dexgloped 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 @fas 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 itentgivest
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,
frequencyof 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 185, representing 50% of the total. The next largest group were ag¥s 26
accounting for 27.6%pllowed by those aged 36 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 ddanking, 4 respondents had up to 1 year of
experience (23.4%), 104 had5lyears (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 experidfcé% 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
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 {BE®!), which is variance

based and suitable for pietive 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. Reliabilty s eval uated using Cronbac
alpha, and Composite Reliability (CR), with values above 0.70 considered
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acceptable. However, Cronbachoés alpha values atl
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, reggrtively. 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
coefficient of deteni nat i on (RI), whi ch indicates how mt
dependent variable is explained by the model [26]. PLS is particularly useful for

studies with small sample sizes, complex models, ofmoemal data, and allows

testing of both measurement and struat@spects [27]. The PLSEM approach

has been used in numerous studies [4, 5, 6, 10, 11, 12].

4 Results anddiscussion

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 , Cr onbac h)) Composite hediabilify Grhg), Composite
reliability (rha;) and AVE), while Table 2 presents the results of the Fdrnell
Larcker criterion and the HTMT matrix. Table 3 displays the results of the tested
hypotheses.
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Cr o nb g Composite] Composite
Construct Items | Loadings alpha reliability | reliability | (AVE)Y
(C»)2 (rhog)® (rhoe)°
Perceived PS_1| 0.791
Security (PS) | PS_2| 0.919 0.654 0.739 0.847 0.735
Perceived PP_1| 0.788
Privacy (PP) | PP_2| 0.900
PP 3| 0874 0.853 0.864 0.901 0.696
PP_4| 0.769
Trust (TR) TR_1| 0.863
TR_2| 0.805
TR 3| 0.890 0.872 0.879 0.912 0.723
TR_4| 0.841
Motivation M_1 0.839
(M) M_2 0.922 0.833 0.844 0.899 0.749
M_3 0.833
Behavioural | Bl_1 0.861
Intention (BI) | BI_2 0.875 0.856 0.856 0.913 0.777
BI_3 0.908

Notes:2Cs00 . 1Frah;o a ®h.o%t0 AW.EDOD;. 50 ;

Table 1
Construct reliability and validity (Authors)

In Table 1 the Cronbach's alpha coefficient for the Perceived Security indicator
(0.654) is slightlybelow the recommended threshold of 0.70. However, the other
reliability indicators (rhg@= 0.739 and rho= 0.847) and the convergent validity
indicator (AVE = 0.735) exceed the recommended thresholds. For all other
constructs in the model ») Compositareliabdity, o f
(rhoy), Composite reliability (rhg and AVE are within acceptable limits,
confirming the adequate reliability and validity of the measurement model.
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ForneltLarcker criterion

The results of the Fornellarcker criterion and HTMT analysis indicate that
discriminant validity is satisfied for all constructs. In the Forhelicker table, the

Discriminant validity (Authors)

) 2 3 4 ®)
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
Behaviouralintention (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

square roots of the AVE are higher than the correlations between constructs, while

all HTMT values are below the 0.90 threkhoconfirming 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

relationshps among the constructs, whereas the associxemlues provide

evidence of their statistical significance.

Path t- p-value
Construct coefficient - . VIF R? Remark
(b) statistics | (p)
Hi |PS Y -0.097 0.919 | 0.358°| 1.710]| 0.321 | Rejected
H |PP Y -0.497 4.839 0.000 | 1.710]| 0.321 | Rejected
Hs |TR Y 0.477 5.684 0.000 | 1.000| 0.226 | Accepted
Ha |M Y B 0.583 9.893 0.000 | 1.000| 0.340 | Accepted
*signi fi cant "adnsigniicaneel O 0.001;

Table 3

Hypotheses Testing Results (Authors)
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Figure 2
Results of structural model analysis (Authors)

Perceived Security does not have a statisticall
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 privacyontris i s statistically significant, t he
=-0.497, t =4.839 p< 0.001), indicating that higher privacy concerns reduce use

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 findirtg is no

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
transactionstheir 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 (b = 0.477, t
the proposed hypothesis H3. This finding indicates that higher levels ofruser t

in mobile banking services contribute to increased motivation to use such services.

Furthermore, motivation demonstrates a strong, positive influence on behavioural
intention (b = 0.583, t = 9.893, p < 0.001), re
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]. Thresults, 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 subsequdmptaffects motivation and behavioral intention. The study
sought to provide a deeper understanding of
perceptions shape their intention to continue using mobile banking services. The
empirical findings indicate that trusepresents 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 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 technicaibates alone may not be
sufficient to reinforce usersd confidence 1in
imply that the overall user experience, encompassing confidence, perceived
reliability, and motivational engagement, plays a more decisive roghaping
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 remaunderrepresented in prior research. From a
practical standpoint, the results suggest that banks should prioritize the development
of trustworthy and engaging mobile platfor ms
motivation rather than relying exclusivebn 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 generalizabilityttaf findings. Future research
should therefore consider larger and more diverse ¢ratsnal samples and
incorporate additional determinants such as usability, system performance, service
quality, price value, and social influence in order to provideee comprehensive
understanding of the factors shaping trust and behavioral intention in mobile
banking environments.
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Abstract: The eventriven billing model of Serverless Computing introduces a vulnerability
known as Economic Denial of Sustainability (EDDoS), or Denial of Wallet (DoW), in which
adversaries exploit autecaling to inflict financial damage without triggering contienal
availability alerts. Recent supervised approaches have achieved detection accuracies up to
99.90%), yet depend on labelled attack data and typically operate on ndéwerlor system

layer metrics rather than billingayer signals. This gaer identifies the predominance of
supervised, offline, nehilling-centric approaches as a gap and proposes a conceptual
framework exploring unsupervised anomaly detection, specifically Isolation Forest applied
to billing telemetry, as a complementary apgch. The framework operates asynchronously
and employs graduated response orchestration. Preliminary validation on a public DowW
benchmark dataset demonstrates 91.47% precision and anRQC of 0.671 without
exposure to attack labels during training. Tinade-offs between supervised accuracy and
unsupervised practicality are discussed.

Keywords: Economic Denial of Sustainability, Denial of Wallet, Serverless Computing,
Functionas-a-Service, Cloud Security, Anomaly Detection, Machine Learning

1 Introduction

The paradigm of serverless computing has fundamentally restructured the
economics of cloud infrastructure. Functiasa-Service (FaaS) platforms such as
AWS Lambda, Google Cloud Functions, and Microsoft Azure Functions enable
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developers to deploy evedtiven applications with a granular pagruse billing
model, charging exclusively for compute resources consumed during function
execution [1], [2], [3]. For enterprise decisiamakers, this shift transforms
infrastructure codrom a fixed budget line into a variable expense directly coupled
to application demand. However, the very properties that deliver this efficiency
(automatic horizontal scaling, eveditiven invocation, and usagmsed billing)
simultaneously introducerfancial vulnerabilities with no precedent in traditional
cloud deployments. An adversary can trigger arbitrary financial expenditure on the

victimbébs account simply by generating suffici
termed Economic Denial of Sadtability (EDDoS) or Denial of Wallet (DoW),
targets the victimés financial sustainability

The distinction has profound implications for defence. Traditional DDoS attacks
produce observable symptoms such as service degradation, latency, and resource
saturation, which trigger welinderstood alerting mechanisms [7]. EDDoS attacks,

by contrast, eploit 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
networklayer or sytemlayer metrics rather than billidgyer signals, and are
generally designed for offline analysis [11]
operates at traffic volumes indistinguishable from legitimate usage [4], poses

particular challenges for syshs depending on ptabelled patterns.

This paper contributes a critical analysis of the gap between current detection
paradigms and the financial threat model of serverless EDDo0S. The primary
contribution is a conceptual framework arguing for a shift from availataétytric,
networklayer manitoring toward costentric, billinglayer anomaly detection
using lightweight unsupervised machine learning, in particular Isolation Forest [14].
The intent is not to displace higttcuracy supervised methods, but to investigate
whether an unsupervisedostaware 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 8gants 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;gemnuse billing, and buin 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 biling model as both the primary economic
advantage and the pdipal 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 (EDoShield [20], EDoS Armor [21], ktloud scrubbing
[22], EDOSADS [23]) focusing on laaS environments using cryptographic puzzles,
CAPTCHAs, or P-based filtering [24], [25]. The transition to serverigpgcific
Denial of Wallet (DoW) attacks was formalised by Kelly et al. [4], who established
a critical taxonomy: flood attacks (higlolume, shorduration bursts) and leech
attacks (lowrate, longduration invocations indistinguishable from legitimate
usage).

Subsequent work has expanded the attack landscape. Bieanteet al. [5]
demonstrated the ¥¥o attack exploiting autgcaling oscillation, Xiong et al. [6],
[26] introduced the Warmonger attack via shared egress IP pools, and BBamler
and Czeizler27] 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 Hiiglelity simulated dataset
addressing the scarcity ofalewvorld DoW data.

2.3 Limitations of Existing Detection Mechanisms

Current detection approaches can be categorised into thrésiss#d monitoring,
supervised machine learning, and hybrid approaches. Trinh Dinh and Park [13]
proposed LSTMbased dynamic thresholds for EDoS detection in Siasked
clouds, later extending thiwith 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] ath aggregates one month of traffic into a single image,
potentially limiting sensitivity to shomuration attacks. Mitra et al. [10] achieved
99.90% accuracy using Neural ODEs with Liquid Time Constants, though
computational requirements may challengerleyesensitive deployments. Hossain

et al. [11] demonstrated effective feature selection with Random Forest classifiers
(99.45% recall on UNSWNB15), targeting general cloud EDoS rather than
serverlessspecific patterns. Additional supervised approachdsdecdeep 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
worl do assumption, where training data represe
violated in realworld deployments. In serverless environments, where workload

patterns areon-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 netwayler or systentayer metrics, and

are evaluated in offline settings. To the best of our knowledge, no existing work
applies usupervised anomaly detection directly to billilayer 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 worklais 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 idate through random partitioning, offers a compelling foundation:

its linear time compl exi t ysan®lng sizé,amd L | og y), w
low memory footprint make it suitable for deployment alongside serverless

monitoring infrastructure, unlikdensitybased 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: Costcentric monitoring. Detection must operate on billidgyer
signals (invocation count, execution duration, memory allocation, estimated cost)
rather than networkayer metrics, aligning detection with the actual target of the
attack.

Principle 2: Asynchronous analysisAnomaly detection must be decoupled from
the requesprocessing 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. Unsupervisedilepestablishes 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
Cl/ICD pipelines and cloudative 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 thretayer framework for cosaware EDDoS detection.

The Telemetry Collection Layer aggregates three categories of metadata via
existing cloudnative observability services (e.g., AWS CloudWatch, Azure
Monitor): API Gateway logs (request source, method, path, timestamp), function
execution metrics (invocatio count, duration, memory utilisation, cold start
frequency), and billing telemetry (reine 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, cogberinvocation distributions, execution duration percentiles,

and crosgunction correlation matrices. Two complementary mechanisms are
proposed. First, Isolation Forest [14] performs point anomaly detection, selected for

its sublinear time complexity and absence of density estimation requirements [34].

The model is trained exclusilyeon historical normabperation data, establishing a

baseline cost profile. Second, temporal pattern analysis detectosiowet Al eec h o
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 feriddvanomalies, adaptive

rate limiting fa mediumrisk, and automated budget circuit breakers for tigk
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, @msitric monitoring, and
asynchronous processing.
Approach Learning | Target Labels | Server- Perf.
Type Layer Req. less
EDoS Shield [20] Rule Network No No o}
EDoSADS [23] Rule Network No No o}
Trinh & Park [13] Sup. Network Yes No o}
DoWNet [9] Sup. App. Yes Yes 97.98%
Neural ODE [10] Sup. System Yes Yes 99.90%
I-MPaFsS [11] Sup. Network Yes No 99. 45
Proposed Unsup. Billing No Yes 66. 77
Perf. = Accuracy unl|l &8d5notyédc.ARecal=I0. &0 ; URSWc. 91. 47 %,

Table 1

Characteristics of EDDoS/DoW detection approaches.

4 Preliminary Validation

A preliminary experiment was conducted using Isolation Foregherpublicly

avail abl e

DoW dat aset

generated

by Kelly et al

dataset contains 187,087 records of serverless function invocations, labelled as
legitimate (56,015 records, 29.9%) or attack traffic (131,072 records, 70.186), wi

12 systerdevel features spanning invocation timing, function execution, and
infrastructure metrics. Six additional casintric features were engineered,
proxy
roundtrip-time, andnvocation intensity. These 18 features were standardised prior

including

to training.

a

bi

l i ng

cost

peFuncti onDur at.

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 asampling 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 detectigrerformance on the DoW dataset [28] under unsupervised training (no attack
labels used). c denotes the contamination parameter.

Precision remains consistently high {92%) 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-R@CT of 0.671, while
substantially below supervised accuracies (98%), 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 applyetdataset contains systéevel features rather

than billinglayer 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 netwoilayer metrics to billingayer signals, it foregrounds

the insight that EDDS is fundamentally an economic attack [4]. The preliminary
validation provides initial empirical support: an unsupervised lIsolation 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 gatéon 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 methody 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 stset 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 riskscoring that accounts for anomaly severity, financial
exposure, andetection confidence.

From an enterprise management perspective, EDDo0S represents a risk class
between traditional IT security and financial governance. EDDoS attacks may only
surface during endf-month billing reconciliation, often well after mitigation is
possible. The franveork is deliberately lightweight, reusing existing clenative
observability services to lower adoption barriers for organisations with limited
security budgets. The choice between supervised and unsupervised paradigms is
ultimately a risk management dsicin shaped by organisational context, workload
maturity, and acceptable financial exposure.

A methodological consideration warrants explicit discussion. The preliminary
validation employs systetevel features from the DoW dataset rather than raw
billing telemetry obtained from a cloud provider. Beyond the absence of publicly
available billinglayer datasets for EDD0S research, this choice rests on a structural
property of serverless pricing: billing in FaaS environments is a deterministic
function of the systerevel metrics already captured in the dataset. Invocation
count, execution durationnd allocated memory map directly to cost through the
providerds published pricing formula; for examp
million requests plus $0.0000166667 per -&&ond of compute time.
Consequently, anomaly patterns detected at the systeet ¢®rrespond 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 systvel 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 systéewel proxies cannot anticipate.

Validating the framework against actual billing telemetry from a controlled testbed,

using AWS Lambda or an opaource FaaS platform such as OpenFaas, therefore

constitutes the immedia priority for future empirical work and will form a central

component of the authorsd ongoing doctor al rese

Additional |l imitations must be acknowledged. Th
not reflect production conditions where attacks constitute a small minority of traffic;

performance under realistic base rates remains to be established. The framework

assunes nearealtime billing telemetry availability and attadkee training

periods; a contaminated training set would undermine the unsupervised baseline.

Adversarial evasion strategies are not addressed. Future work should evaluate under

realistic base ras 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 anltarnative approach through casgntric monitoring,
asynchronous analysis, unsupervised learning, and DevOps compatibility.
Preliminary evidence supports viability: unsupervised Isolation Forest achieved
91.47% precision and an AUROC of 0.671 without #éck labels.

Financial sustainability deserves recognition as a-flests security objective
alongside availability. The detection literature would benefit from unsupervised
approaches operating where supervised methods face transferability limitations. For
enterprie¢ stakeholders, the choice between paradigms is a risk management
decision shaped by organisational context and acceptable financial exposure.
Empirical validation on billingayer telemetry is the necessary next step.
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From Equilibrium to Phase:
The "Five Phase Framework" as a Practical
Tool for the Contemporary Global Economy

Laszlo Ling

LingTrainingE, Switzerl and
laci@infomaniak.ch

Abstract: The pos2020 global economy is characterised by nonlinear transitions, systemic
shocks, technological acceleration, and overlapping structural transformations. Traditional
equilibriumcentred and linear economic models remain analytically vdtddut face
limitations in capturing feedbaettriven and phaseéependent dynamics. This paper
proposes an interdisciplinary framework that reconstructs the classical Chinese Five Phases
( , Pinyin: Wu Xing) as a formal heuristic model of systemic trangition 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 seconder phase model, the framework
complements contemporary complexity economics, nonlinear dynamics, and innovation
theory by offering a structured way to interpret interacting cycles and pdépgndent
transitions. The model is applied to artificial inigknce development, global supply chain
restructuring, and macroeconomic volatility.The objective is not to replace quantitative
economics, but to expand its conceptual architecture through a {seasdive diagnostic
perspective capable of organising ®mic transformation in an Adriven global economy.

Keywords: Five Phases ( , Wu Xing), Complexity Economics, Economic Cycles,
Innovation Management, PhaSensitive 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 literatjié. The COVID19 pandemic,
geopolitical fragmentation, accelerated digitalisation, and rapid technological
innovation have amplified these characteristics, creatweylapping transitions
rather than isolated cycles. Some scholars argue that this environment is better
captured by the BANI framework- brittle, anxious, no#inear, and
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incomprehensible which highlights systemic fragility, increased social stress, and
structural interdependence that conventional models struggle to affjress

Navigating such complexity requires adaptive, cidissiplinary thinking.
Leadership and decisiemaking in these contexts demand the integration of
systemic reasoning, relational awareness, and the ability to interpret interactions
across multiple levelg3, 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 environmgsits

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
orientedperspective that complements these contemporary ing&jhts

This paper proposes a novel approach by adapting the classical Chinese Five Phases
( , Wu Xing) into a formal, phasgensitive framework for understanding
systemic change. Interpreted in neutral analytical terms, the Five Phases
Emergence, Amplification, Stabilisation, Rationalisation, and Renewatcribe
recurring functional states complex systems. Positioned as a seamdér model,

this framework complements contemporary complexity economics and innovation
theory by offering a structured wayabserve interacting cycles, detectimbalances,

and guide adaptive interventions in readrld 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 navigasystemic transformation iour rapidly evolving, At

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
linearcyclemodel s are sufficient to explain
under conditions of rapid technological acceleration and systemic shocks.

The post2020 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 useéh economics and management; however, they are often based
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on ideas of stability, repetition, or sequential development that may no longer
capturemodern dynamics.

For example, Viannadés reviewhaksedmddéls ght s how tr a
struggle to explain persistent instability, endogenous dynamics, and complex

interactions in real economies, pointing to the need for more integrated and dynamic

approache§7]. Similarly, lveson, Hultman, and Davvetas argue that the standard

product life cycle frameworkbased on historical sales patterigs become less

reliable in predicting real market behaviour and requires updating to reflect rapid

innovation, digitalsation, and changing competitive structygjs

Other research shows that technological change interacts with economic cycles in
nonlinear ways, meaning that traditional sequentiatdifgye models may not
adequately reflect realorld adoption and transformation patterfg. These
models remain useful heuristics, but their linear and dosséeific structure limits

their explanatory power in an Adriven 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 Researalfich require analysing
growth patterns to determine turning points in economic acfivQy.

Joel Mokyr, Philippe Aghion, and Peter Howitt were awarded the 2025 Nobel Prize

for their work on innovatiomdriven economic growtiil1l]. Aghi on and Howi tt 6s
mo d e | of Afcreative de sterm growth arises fromx pl ai ns how
innovation replacing outdated technolodi&2].

Yi fu and Wang analyse the dAdual circulationo s
balance domestic and international economic floii8]. Ongoing research
continues to evaluate its effectivengbs, 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 interaédn betweerinternal system dynamics and external shocks
[16].

2.2 A SpecialCognitive Approach

i Xiang think,i ngfot gn transl ated as fAi mage thinki
grounded and relational mode of cognition developed in classical Chinese

philosophy [17, 18, 19]. It emphasises patterns, analogies, and dynamic

interrelations rather than abstract categorisatidimis 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 Wateit reframes tem as evolving

145



stages of emergence, amplification, stabilisation, discipline, and rendadérn
complexity economics aligns with this relational perspective by viewing economies
as adaptive, networked systems shaped by feedback loops and emergent patterns.

Integrating Xianghinking with the Five Phases Framework provides a conceptual
bridge for interpreting systemic transitions in areas such as Al, global supply chains,
and financial systems

2.3 A PhaseSensitive Framework

This paper therefore proposes a phsmasitive framework. The goal is not to
replace existing models but to extend them with a nonlinear perspective that better
captures systemic transformatiofhe Five Phasedramework emphasises
transformation, mutual generation, and constraitdncepts 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 conditidris.
analytical orientation proved highly successful in physics, engineering, and
neoclassical economic modelirig parallel, classical Chinese thought developed a
relational approach that emphasises interdependence and continuous
transformation. Change is seen as the norraé sif 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 chft@e 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 TheFive Phases Framework as a Dynamic Economic
Model

3.2.1 The Original Names of the Five Phases

The traditional symbolic names avdood, 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
phase$6]. Yang C.Demphasises: "although it was proposed more tha fears

ago, Wu Xing is still an unparalleled network operation protd@dll. In this paper,
Wood, Fire, Earth, Metal, Waterare not treated as metaphysical concepts but as
analytical labels represeng functional system states.

3.2.2 Therelationship between the Five Phases and thelfunctional
Interpretation

3.2.2.1 Eachphase represents a distinct type of dynamic behaviour

"Wood' immediately suggestgrowth, expansion, and eadgvelopment
Emergence.

"Fire" evokesrapid acceleration, diffusion, and network effecamplification.
"Earth" signalsconsolidation, coordination, and structurgtabilisation.
"Metal" conveyddiscipline, correction, and optimizatiefRationalisation.
"Water" representsiquidity, reinvestment, and preparation for the next cycle
Renewal.

Table 1 shows the economic interpretation of these phases.
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Phase Functional State Description
vl in today's economic world

Wood (R) Emergence, innovation, capacity creation Foundational research, R&D,
early-stage investment

Fire (k) Amplification, rapid expansion Market adoption, scaling, diffusion,
strong growth momentum, enthusiasm

Earth (%) | Stabilisation, institutionalisation, coordination | Regulation, standardization,
infrastructure consolidation

Metal (4) | Rationalization, discipline, correction Efficiency gains, restructuring,
risk management

Water (A&) | Consolidation, liquidity, Renewal Savings, risk buffering,

reinvestment potential

Table 1.

Five Phases ( Wu Xing) as a Dynamic Economic Model

3.2.2.2 Five Phase Framework as a Seconder Analytical Tool

The Five Phases can be used as a seooiat analytical tool that extends

traditional models by capturing dynamic interactidvisitual generation process
means:each phase enables the newto o d
Mutual constraint process means: gcess in one phase generatEsrective

pressure from anothg0]. Xie formalizes these two processes into modern
analytical framework, bridging classical philosophy with quantitative modeling
[22]. These relationshipsetween the Five Phasesled dynamic interdependence
and systemic regulation, rather than static classificalibe framework assumes

v

Fire Y Eart.h

continuous transformation, where stabilityésporary.

3.2.2.3 Classical economic and product cycle models and the Five Phase

Framework

Y Met al

Table 2.compares classical economic and product cycle models with the proposed
Five Phase Framework. ThEquilibrium Mode] Business Cycle Modekland

Product Life Cycle (PLC3olumns 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, & i8mers for the Equilibrium ModdPR3];

Vianna for the Business Cycle Mod#é]; ard lveson, Hultman, & Davvetas for the

PLC [8]. The Five Phase Framework column illustrates the proposed nonlinear,
crossdomain, phassensitive perspective that captures structural transformations
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and interactions beyond the limits of traditional linear and equilibtiased
models.
Comparative Overview
Dimension Equilibrium Business Cycle Product Life Cycle Five Phase
Model * Model ** (PLC) Model *** Framework
Care Logic System gravitates Oscillation around a Sequential market Recurring functional

toward stable
equilibrium

trend

evolution

system states

Temporal Structure

Static or comparative-

Cyclical (expansion-

Linear (introduction-

Nonlinear, recursive,

static contraction) decline) interacting
Primary Domain General Macroeconomic Industry / marketing | Cross-domain
macroeconomic fluctuations dynamics systemic
theory transforation
Schock Treatment Exogenous disturbance | Cyclical disturbance Market-driven Endogenous phase
change transition

Technological
Change

Often treated as
external variable

Productivity schock

Innovation as a driver
of growth phase

Structura driver
reshaping phases

Policy Implication

Stabilise toward

Countercyclical

Strategic timing

Phase-sensitive

equilibrium intervention diagnostic
intervention
System Interation Limited emphasis Moderate aggregate | Market demand / Multi-layer feedback
on feedback feedback supply focus and inter-phase
coupling
Table 2.

Comparative Overview of Economic and Product Cycle Frameworks with the Five Phase Framework

The Five PhasBramework captures dynamic interactions across systems, rather than linear or
equilibriumbased processes.
References for theoretical framework&quilibrium Model: Blanchard, Cerutti & Summers
[23];** Business Cycle ModeNianna[7]; *** Product Life Cycle (PLC)iveson, Hultman &

Davvetad8].

4 Five-Phase Diagnostic Application on an Existing
Company

4.1 Example: Tencent Holdings Limited

Company's Chinese name

Yauxi

, (Pinyin: T®n g x %n

headquartered iBhenzhen, Guangdong Province, Chib#icially incorporated in

1998 Tencent operates as a holding company for a large portfolio of digital

K,
n . Terdentssadepding global technology and internet company

ngg-T

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 thédong Kong Stock Exchange (0700.HKhd has historically ranked

among the largest technology firms worldwide by market capitalization and

revenue. Tencent reported robust financial performance in recent periods, with total

annualrevenue exceeding RMB60 billion in 2024(about U® 90+ billion) and

continued user base expansion across its platfoc
110000 employeeglobally by late 2024, reflecting its scale as a major employer

in the technology sectd®4]. Its diversified business model includeslue-added

services digital advertising, fintech and business offerings, and strategic

investments in technology, media, and entertainrfiems around the world24,

25].
4.2 WeChat
WeChat ¢riginal name in Chinese: ( Pi nyi n: WU i “purpose) is a mul ti

mobile applicatiordeveloped by Tenceahd launched i2011 It integratesocial
engagementmobile financial servicese-commerceand a broad ecosystem of
embedded services, all within one platforfey 2024 WeChat/Weixinhad over

1.38 billion monthly active usersnaking it one of the largest digital platforms in

the world in terms of scale and daily engageni@ht 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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A Five Phase Analysis of Tencent’s WeChat Ecosystem (2012-2025)

Phase

Time Frame

Observed Facts

Interpretation

Emergence

"Wood"

2012 - 2014

* WeChat expanded beyond messaging into social
networking, payments (WeChat Pay), and basic
services.

* Tencent invested heavily in R&D and platform
innovation; third-party mini apps integrated.

* Foundational technologies and infrastructure
established.

Foundational creation of technological
capacity, strategic experimentation, and
ecosystem building.

Amplification

"Eire"

2015 -2018

* Rapid user adoption in China and globally; growth in
mobile payments, ride-hailing, and social commerce.

* Tencent’s ecosystem scaled rapidly with millions of
users, businesses, and developers.

* Media visibility increased; alongside strong market
enthusiasm and high investment valuations.

Rapid scaling and diffusion of platform
capabilities; network effects intensify
growth.

Stabilization

"Earth"

2019 - 2021

* Institutional structures emerged: governance rules for
mini programs, data privacy protocols, and payment
standards.

* Coordination with financial regulators on compliance
and anti-fraud measures.

* Slowdown of hyper-growth, establishment of stable
operational norms.

Institutionalization of standards,
coordination of ecosystem rules, and
consolidation of market logic.

Rationalization

"Metal"

2021-2023

* Increased regulatory scrutiny in China
(anti-monopoly, data security).

* Internal optimization: downsizing non-core ventures,
strengthening compliance, risk controls, and
efficiency.

* Strategic realignment toward core productivity tools
and enterprise services.

Discipline, correction, restructuring;
emphasis on risk management and
systemuc efficiency.

Consolidation
&
Renewal

"Water"

2023 - 2025

* Strategic reinvestment into Al-enhanced services:
smart assistants, enterprise Al workflows, extended

API integration for sustainability and health services.

* Diversification of revenue streams; repositioning
toward Al-enabled productivity solutions.

* Enhanced focus on generative Al features and cross-
platform interoperability.

Savings, reinvestment, liquidity
management, and emergence of next-
generation innovation potential.

Table 3.

The Evolution of Tencent's WeChat Ecosystem (28025)
looking through the Five Phases Framework theory

The Five Phase Framework highlights that rapid innovation and expgigcod
andFire ) create structural pressures requiring stabilizing and corrective dynamics
(Earth andMetal). The Consolidation and Renewa&Véte) phase leadback to a

new growth(Wood phase, forming a continuous cycléis qualitative perspective
identifiesimbalancestransition pressures, andordination needs without relying
onnumerical models, demonstrating 1 he
world, rapidly evolving systems.

framewor k¢

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 phassensitive perspective on systemic evolution.

Each phase Emergence Wood) Amplification (Fire), Stabilisation Earth),
Rationalisation Metal), and RenewalWate) - 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 themSaeeEable 4.

Integrating the Five Phases Framework with Contemporary Economic Theory:
Mutual Generation, Feedback Loops, and Endogenous Growth

Five Economic Theory Concept Explanation
Phases
Wood Emergence Innovation triggers systemic change,
in complexity economics creating new opportunities
Fire Amplification Rapid scaling intensifies feedback effects,
and feedback loops leading to growth or instability
Earth Institutionalisation Stabilization emerges from standardization
and regulatory frameworks and legal frameworks
Metal Rationalisation Optimisation processes correct excesses
and efficiency and stabilise systems
Water Consolidation Sustainability and reinvestment

and Renewal

enable long-term economic resilience

By integrating classical relational thinking with modern economic theory, the

Table 4.

Integrating the Five Phases Framework with Contemporary Economic Theory:

Mutual Generation, Feedback Loops, and Endogenous Growth

framework provides a practical diagnostic tool for scholars, policymakers, and
business leaders. It allows anticipation of phase transitions, identification of

systemic imbalanse 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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Abstract: Due to recently modified EU regulations, the vast majority of small and medium
sized enterprises (SMEs) are not legally obliged to produce sustainability reports. However,
an increasing number of SMEs voluntarily engage in sustainability regadidemonstrate

their commitment to social and economic sustainability, improve transparency, and
strengthen stakeholder trust. Many perceive voluntary sustainability reporting as a strategic
asset to showcase responsible business practices and enhenpetitive advantage. Within

the project DiNaOpt4KMU, the digital prototype WILMA has been developed, combining
usercentered design with artificial intelligence to support voluntary sustainability reporting
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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 Al component assists this process, while semalstibetp
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 expesrience | evels
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 eresibusiness
practices. This has been validated through comprehensivesarcevaluations involving a
doubledigit number of SMEs from various sectors. Ongoing research aims to further
integrate social and economic sustainability aspects into SME busitrassgies through
enhanced voluntary sustainability reporting.

Keywords: Double Materiality Assessment, Voluntary Sustainability Reporting, Small and
Mediumsized Enterprises (SMESs), Artificial Intelligence (Al), USemtered 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 compaes with more than 1,000 employees and revenue exceeding
450 million euros. [2] Consequently, many SMEs (small and mediaed
enterprises) are no longer subject to the legal reporting requirement. Nevertheless,
a large proportion of companies are adsirgg 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 ndisted Small and Mediursized Eterprises) [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 Sugjainabili
Reporting Standards (ESR3J] 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 inthe Wesdtly nst er | and r e\Yastphalia,(Germany)bn Rhi ne
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 agyuidelines, best practices, or digital-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 pdnts 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 centralstarting point for sustainability reporting. [8] The practical
implementation of these new requirements poses a significant challenge, since
SMEs generally lack the necessary human and -teéfated resources. [9]
Furthermore, the content of this standareht 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 propeal, 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 sttegy. 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 encouragesscussion 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 companyds impacts on the
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outsidein 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 assessent, wellfounded sustainabilityelated decisions can be made,
allowing the company to position itself in the market in a fupneof 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 he 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 resourcenservation. 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 ecamo 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 ferhat 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 perspectioegsidein and insideout) within

the double materiality assessment, the social responsibility of companies becomes
methodologicalljtransparent and manageable.

The following figureshowsthe thematic overlaps between the two standards, ESRS
and VSME, in relation to the three pillgESG).
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Three pillars | ESRSStandard VSME-Standard (Basic module)

Envi t .
nvironmen E1l: Climate change B3: Energy and greenhouse gas

. emissions
E2: Pollution

. B4: Pollution of air, water and soil
E3: Water and marine resourcg

E4: Biodiversity and BS: Biodiversity

ecosystems B6: Water

E5: Resource use and circular| B7: Resource use, circular

economy economy and waste management
Social .
S1: Own workforce B8: Workforcei General
characteristics

S2: Workers in the value chain|

S3: Affected communities B9: Workforcei Health and Safety|

B10: Workforcei Remuneration,
collective bargaining and training
Governance | G1: Business conduct B11: Convictions and fines for
corruption and bribery

S4:Consumers and engsers

Table 1
Thematic Overlaps: ESG, ESRS, and VSME
Source: Authoro6s own illustration

3 Digital tools to support materiality assessment and
sustainability reporting

There is a particular need for tool assistance especially for SMBESous
commercial and free digital tookre 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] aell as Excel tools and
guidance materials from the Information Centre for Environment and Economy
(1zU) [16] or the Institute of Applied Indatrial 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 oraugption 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 méeriality 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 arsayee

solution. One of these prototypes is Wl LMA. Wi
simple ldentification ofMat er i al Topicso (in Ger man: i Wesen
identifizieren | eicht gemacht mit Assistenzodo).
conduct a materiality assessment according to the ESRS or the VSME. The

fundamental idea behind this prototype is to offer canigs 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 needSMEs and actively

involve stakeholders in the process. The «sattered approach, in which the target

group is an integral part of the development process, issui#d for this purpose.

This approach is described in Section 3.2, before the guidedatival@nd initial

results are discussed in more detail. The following provides a brief overview of the

basic structure and selected functionalities.

3.1 Design andfunctionality

WILMA is a cloudbased solution that provides each company with its own
individual access. From the home screen, SMEs can view their corapaaific
progress. In addition to the steps of the double materiality assessment, the prototype
offers two comprehgsive 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 staklkeler 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. Aoldally, 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 documentedalhrdecisions must be
presented in a manner that is plausible and comprehensible to the auditor.

Companies are guided stbp-step through the materiality assessment.
Additionally, various support tools are available, such as, an Al solution designed
tool to assist SMEs in conducting the double materiality assessment. During the
analysis phase, it bame 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 Algenerated suggestions for IROs on the right side of the user interface,
which can be dited 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.

[oX o NN

Figure 1
Support through Al Integration Tool Insight WILMA
Source: Authordés own illustration

With the help of Al, SMEs are supported in generating initial ideas and formulation
IROs. The use of Al reduces the burden on companies, can increase efficiency, and
improve report quality. Furthermore, Al can structure large amounts of
heterogeneous datand accelerate the identification of relevant ESG topics.
Especially for SMEs with limited resources, Al can reduce the time and effort
required. In this context, the use of Al technologies as a potential support and
implementation tool is gaining signifiat 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 Matrixi Tool Insight WILMA
Source: Authoroés 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 wsartered,
agileapproach was chosen, which is described in more detail as follows.

3.2 Research Design and UseCentered Development
Methodology

The development of WILMA followed a qualitative, iterative research design with

a usercentered approach [20] to ensure intuitive usability and high acceptance. The
overarching goal was to develop and evaluate the WILMA prototype, which
demonstrably addrsees practical challenges that SMEs face when conducting a
materiality analysisThe focus was on ensuring practical applicability and utility
within SMEs.The research proceeded in three main phases: (1) needs analysis and
requirements gathering, (2) protping 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 feedipackreatworld 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; subsequelyt the group of evaluation companies was expanded through
workshops and associations to include a high number of Sipeserihg
manufacturing, service, and trade sectors angingin size from small to medium
sizedand some largenterprises. Partigants included sustainability managers,
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managing directors, and employees responsible for ESG repdrtirgyreflects a
phased and planned approach.

Data was collected using a mixetethods approach: sessiructured interviews

with sustainability officers or responsible executives identified challenges and

expectations related to materiality analysis. Participatory workshops were used to

jointly develp 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 evaluateceth us er i nterface based on Nie
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: intuite usability without training, acceptance of Al support,
effectiveness of interaction optigremd perceived usefulness compared taAbn
supported method#nterview and workshop data were analyzed using qualitative
content analysiand usability issuesere 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 dficulties. 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 providedisers 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 Al suggestions,
provided valuable support to SMEs. Highlighting completed steps and
displayinga 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, represemafbcus)

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 Al Integration:During the evaluation, there
were different opinions regarding the integration of Al. 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
constantdisplay of Al suggestions inhibits independent thinking. As a
result, in a subsequent version of the prototype, the Al suggestions were
hidden by default and can be accessed as needed. Additionally, the
companies xpressed a desire to be able to create their own prompts, as
they found the Al 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 stéy-step navigation. Each of the participating
companies fand the stefby-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-ceetered 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 supportools 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-oénted

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 essentiahs 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 usezentered 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 ad 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 whicksépported approaches can
help SMEs conduct the double materiality assessment within the framework of
(voluntary) sustainability reporting. Key obstacles in practice included resource
constraints, methodimgical complexity, and a lack of expertise. The results show
that Al can facilitate certain steps of the materiality assessment. Conducting a
double materiality assessment makes an important contribution to social and
economic sustainability. From a sdgerspective, 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 sustainabifitiented fnancing opportunities,
improves competitiveness, and increases resilience to regulatory and-retatest
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 pr omi n e nto-tabexmaverpenteNri @ Zanayelhisani ads far m
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 analysiexagting 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 cal 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 insightsoim 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 désation differentiation and competitiveness [2], [4], [10],
[13]. Foodrelated experiences allow visitors to interact directly with local culture,
and destinations that successfully integrate culinary heritage into their tourism
offerings can generate eoamic benefits while strengthening local identity [16].
The relationship between culinary heritage and tourism is particularly relevant in
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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

producefconsumer 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-g@rism enterprise

|l ocated in the vill age -wfableFphilssopghytand whi ch t hr oug
collaboration with local farmerhas 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

devel opment through the case of Mrizi i Zanave
research questions: (RQ1) How is culinary heritage integrated into the tourism

experierwe 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

theirreall i f e context [ 18] . The study was conducte
municipalityo f Lez h %, northern Al bani-taurismhome to Mri zi
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 semsfructured 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 wanalyzed 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 systemsyisiou experiences,

community development, and destination sustainability.
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3 Findings and Discussion

3.1 Culinary Heritage and Destination Identity

Gastronomy, natwure, agriculture, and I|livestock
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 , Kall met vine cultivation,- iUncl e Nduebo
friendly milling), gastrmomic products (food and wine stores, shops with typical

products, farm animal interactions), accommodation (hotel-egmping, Mrizi i

Zanave inns), and complementary activities (entertainment, agricultural walking

tours, cultural events). Local foodjgported 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 clesgdle farm in which roughly 90% of
products originate from the region. The enterprise maintains collaborative
partnerships with approximately 400 smsdhle farmers, supplying wild herbs,
wild pomegranates, nki] and other traditional agricultural goods. Such networks
strengthen short supply chains, territorial identity, and the smmoomic
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, l ocal f oc
processingGastronomy is a means of expressing local culture and functions as a
figray zonedo medium of cultwural tourism [6], [9]

house of the writer and patriot Gjergj Fishta, a declared cultural monument. Beyond
gastronomy, thisiterary 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 -fertable
tourism in shaping the emerging rural destinati
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 farmto-table model and cooperative networks with over 400 ssatalle
producers illustriee how rural economies can benefit from tourism while preserving
traditional practices and cultural identity. Integrating gastronomic tourism with
cul tural and literary attractions further dive
policymakers and destion managers, the findings support coordinated,
communitybased 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; fetuesearch could compare multiple
agritourism destinations and incorporate visitor perspectives.
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Differences in Political Involvement and
Participatory Intentions

Ana Pap Vorkapil

Faculty of Economics and Business in Osijek

ana.pap@efos.hr

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 diffecemensions of political
engagement remains insufficiently explored, particularly within the political marketing
framework and in transitional democratic contexthis study examines differences in
electoral participation, politicalnvolvement, participatory intentions, and selected political
attitudes across levels of religiosity. Religiosity is conceptualized as aaatimal factor

that may shape both behavioral and attitudinal aspects of political engagement. Using survey
datafrom a national sample of adult citizens, respondents were grouped according to their
level of religiosity, and differences were analyzed usmgpendent samplestest The
results indicate significant differences in past electoral participation atehiion to vote,

with more religious individuals reporting higher levels of electoral engagement. In contrast,
no significant differences were found in political involvement or in higihéer forms of
political participation. At the same time, religiosigyassociated with differences in several
attitudinal dimensions, including political informaticseeking,party loyalty, satisfaction

with party choice, trust in political actors, and perceived political rikese findings
suggest that religiosity playa 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 rdigiosity 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
ergagement when assessing the role of soultural 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 longerm relationships between political actors and
voters. Understanding what drives different forms of political engagement is
therefore both theoretically drpractically relevant.

One of the factors that has received considerable attention in this context is
religiosity. Religion shapes individualsé value
through religious communities, people are exposed to shared beliefs and social

networks thaimay 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 depenan 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 engagemen#t such as political involvement, participatory intentions, and higher
order participatiod have received less attention. There is also limited
understanding of dw 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 poliical 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 aurvey data from a national sample, respondents are grouped according to
their level of religiosity, and differences between groups are analyzed using
independent samplegasts.

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 prticipation, 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 centext
dependent. Religion is generally understood as a powerful -sattiral force
shapi ng ivaluwks, normd,arad idenéities, which in turn influence political
attitudes and behavior.

Religiosity differs from other socidemographic 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 churibtate 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 erasenal
variation [1].

Political participation is commonly defined as activities through which individuals
seek to influence political decisianaking [2]. These activities are typically
divided into conventional participation (e.g., voting, party membership,
campaigning) and wonventional 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 rigdationship

with unconventional participation is weaker or even negatiy8][ 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 Turkishteod. 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 religiaggigrticipation link is the
resource model, which emphasizes the role of religious institutions in providing
civic resources. Churches function as social organizations that facilitate the
developmenof 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
participatbn, 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 diferent 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 resecbased explanation by incorporating

psychological mechanisms. [2] argue that religiosity fosters political participation

not only through organizational resources but also through psychological factors

such as trarrendent accountability and religiopolitical awareness, which motivate

individuals to engage politically. Similarly, experimental evidence shows that

religious messages canh increase political part
sense of efficacy and madrresponsibility [9].

Despite these positive associations, several studies suggest that religiosity does not
always lead to increased participation. [10] using large arassnal 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 churdtstate relations.

Another important dimension of the religiosipolitics 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 mong 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 vhhesed 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,
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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 rechanism& organizational, psychological, and contexéuaind

its influence varies depending on the type of participation, the dimension of
religiosity considered, and the broader squiditical 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 (Higherorder participation): Individuals with higher levels of religiosity exhibit
significantly higher rates of higharder 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 argarson 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
researchn the field. The research was conducted on a sample of five Slavonian
counties: Brodsko- Posavska,- B@sjaal ls & a; Slafoosgae g k o

Vi r o v iPodrdvdkay and VukovarskoSrijemskain Republic of CroatiaThe
investigators were instructed taanine one woman and one man from each age
group (1831 years, 3245 years, 469 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.

%

Gender 658 100
Male 328 49,7
Female 331 50,3
Age group 657 100
1871 31 170 25,9
321 45 169 25,7
4671 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 employecdhultiple variables to capture different dimensions of political
engagement, including behavioral, attitudinal, and cognitive aspects. All variables
were measured using Likestpe scales ranging from 1 to 5, where higher values
indicate stronger agreemamthigher 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:

.. consider myself a religious per,soon, 0 ARel i gic
a n dReligion is an important part of my life value® Responses were measured
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 -comwentional

participatory intentions al | owi ng for a broader under standi
willingness to engage in political activities.

Political information seeking was measured using aife 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 acial media), using a scale from 1 (never) to 5 (very often).

Satisfaction with political choice was measured using aifera scale adapted from

[19]. The scale captures respondentsd | evel of
satisfaction with their previous electoral choice, including the political party or

cardidate they supported in the last election.

Party loyalty was measured using a thiteen 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 usin@ five-item scale adapted also from [20]. The scale captures
respondentsd perceptions of wuncertainty and pot
with political decisions and participation.

Political involvement was measured using a-fieen scale also adapted from [20].
This variable reflects respondentsd interest i
importance of political issues in their lives.

180



Political trust was measured using items adapte
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 figint Likert scale.

Allmulti-i t em scales demonstrated acceptable intern:
> 0.70)

4 Research results

The empirical analysis examined differences between religious antehgious
respondents across multiple dimensions of political engagement using independent
samples-tests. The results reveal a differentiated pattern of relationships between
religiosity and political behavior, participatory intentions, and political attitudes.
Results of the analysis are depictedrigures 1, 2, 3 and 4.

Figure 1. Electoral participation and participation intentions

1. Electoral Participation and Participation Intentions

B Group 1 (Religious) B Group 2 (Non-religious)

[ * p < .05 (independent samples t-test) ]

5 A *
* —
4.24 4.40
4
s n.s.
(7] 3 . (raeema)
b3 249 248
n.s.
2 —
1.48 153
1 -
Electoral Intention Intentions for Intentions for
participation to vote non-conventional conventional
participation participation
Figure 2.

Political involvement, political information seeking and perceived political risk
Source: Author
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2. Involvement, Information, and Perceived Risk

B Group 1 (Religious) B Group 2 (Non-religious)

L‘ p < .05 (independent samples t-test) ]

Political Political Perceived
involvement information seeking political risk
Figure 3.

Trust in people, programs and parties
Source: Author

3a. Trust in People, Programs and Parties
B Group 1 (Religious) B Group 2 (Non-religious)

[ p < .05 (independent samples t-test) ]

6§
4 -
c
g 3
=
2
1 -
Trust in people Trust in programs Trust in parties
Figure 4.

Party loyalty and satisfaction with political choice
Source: Author
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3b. Party Loyalty and Satisfaction
B Group 1 (Religious) I Group 2 (Non-religious)

< .05 (independent samples t-test) '

5.4
L
7l |

4 - * 3.59
c
S 3 4 2.89
>3 2.27

2 -4

1 -

Party loyalty Satisfaction with

political choice

Source: Author

The results indicatestatistically 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 nonreligious respondents (M=86), with the difference being statistically
significant (t =3.897, p<.001) . Similarly, religious individuals expressed stronger
intentions to vote (M=4.40) than nagligious 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 higbreter political
participation, including both conventional and rmmventional participatory
intentions. These results do not support hypothétesand H4, indicating that
religiosity does not extend its influence to more demanding or restuereive
forms of political engagement. The analysis further revealed statistically significant
differences in several attitudinal dimensions, supportingptheses H5, H6, H7,

H8 and H9. Religious respondents reported higher levels of political information
seeking (M=3.06 vs. 2.79;43.471, p<.01), higher perceived political risk (M= 4.12
vs. 3.77; t=3.803, p< .001), higher trust in people (M= 3.01 vs22t6-3.865, p<
.001), higher trust in political programs (M= 3.48 vs. 3.10-3:688, p<.001),
higher trust in political parties (M= 2.70 vs. 2.43:3:227, p<.01), greater party
loyalty (M=2.89 vs. 2.27; t4.712, p<.001) and greater satisfaction vgtiitical
choice (M=3.59 vs. 3.27; t2.986, 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 signlificant
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 mobiliziolg of religious institution$8, 16].
Religious environments provide individuals with civic skills, social networks, and
exposure to political information, which facilitate participation in Jowst,
institutionalized activities such as voting. These findings support the resmased
explaration of political participation, according to which religious organizations act
as importanthannels of civic engagement.

In contrast, the absence of significant differences in political involvement and
higherorder participation confirms that religiosity does not uniformly increase all
forms of engagement. This is consistent with studies suggesting that religiosity
alone maynot be sufficient to stimulate active or demanding forms of participation,
particularly when not accompaniday organizational involvement [1L.OMore
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
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 hirough valuebased orientations and identity mechani§bj.

An i mportant contribution of thig study |I|ies i
behavior gapo in the relationship between reli
While the results indicate that religiosity is associated with several attitudinal

dimensiond including political information, party loyalty, satisfaction with party

choice, trust in political actors, and perceived politicaldiskese differences do

not translate into higher levels of political involvement or more demanding forms

of participationIn 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,
oppotunities, and mobilization mechanisn{8, 13. While religiosity may
contribute to the formation of stable political orientations and vhased
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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 moreonsistent 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 #a 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 moreetailedinterpretation: 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 prefences. However, this does not imply that they will
automaticallyengage in political action without additional stimuli.

Consequently, political campaigns targeting religious segments may need to shift
from a predominantly persuasiamiented approach to a more explicit activation
strategy. While persuasion efforts may be effective in shaping or reinforcing
attitudes amongetigious 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, religidty 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 findingsprovide 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 highreler forms

of participation, suggesting that religiosity does not extend its influence to more
demanding or resourdatensive 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 behaioral participation.

One of the key contributions of this study is the identification of an atiitude
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 ontextual 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 appearotbe 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. Ais 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 inimforcing attitudes among religious voters,
activation strategi€ssuch as personalized outreach, commubéged
mobilization, and clear calls to actidrare necessary to convert these
predispositions into actual participation. In this sense, religiositylights 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
crosssectional survey data limits thability to draw causal inferences about the
relationship between religiosity and political behavior. Second, religiosity is
measured as a general secidtural variable, which does not fully capture its
multidimensional nature (e.g., differences betweealieh practice, and
organizational involvement). Third, the analysis relies onregérted measures of
participation and attitudes, which may be subject to social desirability bias. Fourth,
the findings are contexdpecific and may not be fully genemble 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 attitubehavior gap. Finally,
comparative studies across different political and cultural contexts would help to
clarify the extent to which the observed patterns are cedependent, particularly

in relation tovarying 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 couiepéndent 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 Continent al Free Trade Area (AfCFTA

trade area, with 54 of the 55 African Union members as signatories and an engine of Africa

Njs continent al integration agenda. dSandit h
its economic relationship with the continent is expanding amidst ongoing obstacles in fully
using the AfCFTANjs potential. This paper

requirements prescribed by AfCFTA, their implications, ssgbe 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 despéietigl 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 aligment protocol between the SACU and AfCTA and a time
sensitive roadmap for the elimination of A@miff barriers. The paper subsequently reaches
the conclusion that the AfCTA imposes extensive harmonization obligations that have

Africa has

aims to ex

substantial implicatonsfo Sout h AfricaNjs trade governance framewo

the current framework in the country reflects partial but insufficient alignment which is
driven by institutional fragmentation, SACAFCFTA tensions and GNU governance
constraints. To addss these barriers, a dedicated AfCTA Harmonization Unit, a formal
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SACU AfCFTA alignment protocol and a time bound +tariff barrier elimination roadmap
are necessary in systematic policy gap analysis that is absent in the existing literature.

Keywords African Continental Free Trade Are®fCFTA); trade policy harmonization;
Intra-African trade; regional economic integration; neariff barriers; South Africa; trade
governance; Southern African Customs Union (SAGB)vernment 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 fiffixe African Union countries, creating

an integrated market of 1llion 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 developmefR]. South Africa, the most
industrialized country in fica, 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. fie 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 SAGH

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 gernal 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 SACUambers have mostly aligned customs matters but
not their sectoral policies. The SACU is encouraged to simplify its common external
tari ff [ 8] . The second group includes studi e
development in Southern Africa. The African Developim@ank uses a model to
show that AfCFTA members face problems in creating a unified policy, especially
regarding nostariff barriers, competition, and investment [9]. The World Bank's
main study estimates that full implementation could increase Africanneame

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 industr[@8]. For the SACU and AfCFTA Secretariat,
South Africa's domestic alignment is valuable for the region. South Africa is a major
player in intraSouthern African Customs Union (SACU) exports and has the largest
trade surplus in Africa [3]. This study exaras 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 altlhreproblems 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 (AFCFT
trade area by 54 of the 55 African Union members as signatories and an engine of

Africa Njs continent al integration agenda. Sout
Africa tradeand its economic relationship with the continent is expanding amid
ongoing obstacles in fully wusing the AFCFTAN;s

signed AFCFTA and stated it will use the agreement as strategic trade priority. It

does not have clear and cistent trade policy framework that effectively

harmoni ze with AFCFTANjs obligations. Sout h Afr
with AFCFTA harmonization obligations is demonstrated by the lack of official

GNU trade policy documents [1]. ITAC investigationcidgons averaging 28

months instead of the mandated-sionth 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 ins 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 sharinghong 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 Af r N&,ahNjsurrdntrliterdtere haso | i cy under |
not systematically analysed the precise alignme
trade policy framework and harmonization obligations of the AFCFTA nor has it

suggested targeted interventions to rectify this identifiedaggignificant oversight

considering t he i mperative of ef fective har me
continental integration Agenda. This paper aims to assess the trade policy

harmonization requirements established by AFCFTA and their implications for

SouthXA rica assess the alignment of South Afri caN;js
with these obligations and propose specific policy interventions to overcome

identified barriers and enhance South Africa Njs
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1.2 Research questions

1. What are the trade policy
Af CFTA and what are their
domestic trade governance

2. To what extent does South
shaped by | TAC, SACU, and

Af CFTA harmonization obligations?
3. What are the key instituti
effective trade policy har moni
policy interventions are needed
1.3 Aims

har moni zati on r
specific implic
framewor k?

ca's current
governance ¢

structur al

zati on i n So

0O strength

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 recormend targeted policy interventions to overcome identified barriers and

strengthen South Africa's AfCFTA harmonization.

1.4 Objectives

1. To examine the trade policy

har moni zati on

Af CFa&Md their specific implications for Sou

governance framewor k.
2. To assess t he extent to

South Afri

framework, as shaped by | TAC, SACU, and GNU
aligns with AfCFTA's har moni on obligati
3. To identify the key institutional, structu
effective trade policy harmonization in So
targeted policy interventi strengthen
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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
collaborationwi t h ot her rel ated areas []. Neofuncti one
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 supranatioriaauthorities 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 effortitis 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 creatimhadditional 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 #bilito 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 updheinfirst
intergovernment al agreement|[5].This can be seer
rejection of harmonization in industrial areas, which may give priority to
developmental over spillover rationality in those sectors. Neofunctionalism
provides an eplanation 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 ithe 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 extenthat their interests are advanced through cooperation[9].In this regard,
intergovernmentalism disagrees with the ideology of afEibetuating integration
process and sees regional integration as the result of rational and calculated
bargaining among niainal 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
neofunctionalismn 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 ttional 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 fpmiitical 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. Thisses 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 createsditiomal level of
controversy, which indicates the ongoing tension around sovereignty[13].In the

same way t hat South Africabds protectionist i

manufacturing and agricultural sectors

digtinction, 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 ermonized 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 Africanintegration. 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 berred 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

toasess the implications of the AfCFTAOGsS

Africa [15].In its seminal report on developmental regionalism (UNCTAD) makes
clear that achieving regional integration by developing intergovernmental
cooperation among member stategnany 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 DevelopmérRagionalism 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 thaf the African Union Member States adopt the
Developmental Regionalism approach, they will establish a virtuous cycle of fair
trade, Transformative industrial development, ciioesder investments and

democratic governance through the continent [18]. Roet past decade,

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 scaleakegi

production networks, and larger markets for African producers [19]. The above

Af ri

framework is highly applicable to South

har moni zati on ef forts. Sout h Af ri caods

clearly ties trade paty 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 gis 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 addressess tkension 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, thésea significant
opportunity for developmental regionalism to create a-reéfiforcing cycle of
regional trade integration, transformative industrialization, ebosder
infrastructure development, democratic governance, equity, and good governance,
thee by all owing the AfCFTA to become a
towards becoming a prosperous and integrated continent[15].Therefore, for South
Africa, compliance with AfCFTA harmonization obligations should not be viewed
solely as a requiremefdr 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 balandeerhlizing 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 vees, 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 Uni on 6 s-teri gevalogneentdl §trate&yy. This mepresents
the most comprehensive representation of -Rfzicanism in terms of an
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economically integrated Africa, as well as the development of a-fau#red
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 anntegrated, 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 Rerssance[20].The African Continental Free Trade
Area(AfCFTA), agreed upon at the"18rdinary 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 fronit 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 thetiameaof a
Continental Customs Union, and promote sustainable and inclusive social and
economic development, gender equity, and transformation of the state[l].
Institutionally, the Agreement provides that the four bodies created pursuant to Part
11l 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 institutims, 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 Counaf 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 undeAdgheement. 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 inclueachimember

state. Their role includes executing the decisions of the Council of Ministers and
of fering technical support regarding al/l aspect
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 Secretariatds main functions include facild.i
calling meetings, monitoring and evaluating progress toward achieving the
objectives of theAgreement, and providing technical support to member
states[22]. Therefore, South Africabds engagemen
the primary means through which South Africa negotiates its obligation to achieve
harmony, interprets what that entailsnd 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 pravigdthe 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
agenda, as we agenda as well as outline the core liberalization obligations State
Members have a legalbligation 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 gomhibits 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 nesensitive tariff lires will be liberalized within a fivgear

time frame for nodeast 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 taiffétalization 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 Membersfteat 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 tj@stole, 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 siederttocol 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 imptatioa.
These differences also have serious implicatio
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 ofsupply 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 bylndividuals[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 slowlydue to reluctance to make commitments on sensitive sectors such
financial services, telecommunication and professional services. In addition,
through February 2024, the agregobn Rules of Origin account for 92.3 percent

of all tariff lines; thus, thereemain pending negotiations with respect to textile
clothing, automobil es, and other sectors of cr
industrial base [22]. Because of these negotiating asymmetries, South Africa is
likely to face greater pressure for harrimation 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 Ruled 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 NofTariff Barriers, whch identifies trade at the border that will be
addressed.

2.2.3 Harmonization MechanismsRules 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

processedo eliminate nortrade 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 thae x i sts rel ative to how South Africaébs
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 agreedn 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 Africads | argest industri al and exfy
greatly affectingsout h Africads compliance as exporters a
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 chages on such commodities. This provides three tiers of classification:
90% of nonsensitive tariff lines must be fully liberalized within five years fornon
LDC members, such as South Africa; up to 7% of tariff lines are designated as
sensitive and attradonger 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 abalh 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 nontariff 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 nmeber states to report, monitor, and abolish obstacles via defined
institutional channels

2.3 Existing Work on Harmonization in Africa

2.3.1 Harmonization MechanismsRules of Origin, Tariffs, and NonTariff
Barriers

The establishment of Regional Economic Communities (RE&eyided 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 expemige 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 af f ec ationn gn c@wliancé Af ri
[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 insiglfiall 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. MESA '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 cenaile tariff reductions. However,
harmonization efforts have been continuously hindered.

2.3.2 Challengesof 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 AfTCFTA 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 be&een 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 granekisting 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 thetsysatic 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 presosptif 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 fragmentationdiween 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 gdanexisting 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 thetsysatic 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 presasptif 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 resear
policy phenomena are best understood by their

them rather than through objective measur ement
i ntevipgmtis chosen here because the research t
mi smat ch wi t h Af CFTA har moni zati on responsi bi
institutional meaning, | egal interpretation, an
indicators [ 1c5gl. arthtiist wpdd lroescogppchni zes that the r
to consider the intersubjective soci al processe
interpretation a methodological-SBeaength rathe
and Yanow diff er gretsieatre hi ftrermp rpeotsiiw i vi st appro
ontol ogi cal and epistemol ogical presupposition:
research assumes an objective soci al worl d tha
observation, interpriedli veealisttiaeshahe!| det ¢ haub
constructed and only accessible through inter
philosophy is suitable for this study because
Af CFTA Agreement, its Protadd @ins raemcdrAlmnexSALU | T
governance tool s, and GNU policy positions are
are significant for their institutional meanin
statistical frequency-Shdd] andc Yainmgvng atnal 85c hw
documentary sources, whet her hi st-ori cal or cur
treat ment procedures, since policy tools opera
interpretation to render their 4Shetitutional m
andnoaw maintain that interpretive research is e
and documentary wor k, pointing out that resear
|l egal tool s, and institutiofn@aduged oirmdguiernygage

t hat prlioocrailt,i zest uated knowl edge over gener al
[15] . Shwartand Yanow maintain that interpretiyv
websbubited to recorded and documentary work, st a
with policy tenxgtsit Uteig@anhalt oneésqor dasndemngage i n a
focused i nquiry t hat prioritizes l ocal , situa
uni ver sal l aws [ 15].

3.2 ResearchDesign

This study uses a descriptive and analytical re
serving as the primary data collection method a
main analytical tool for analysing the alignmen
tade policy framework and the harmonization ob
While the analytical size methodically asks re
bet ween the two, identifying specific areas of
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and the policy actions required to address the
introduces what Af CFTA requires and what Sout |

provides [16]. Bowen defines document anal ysi s
revisitimg amd uarsesnetsss,i i ncl uding physical and sc
is studied and analysed to determine meaning,
empirical knowledge [16]. This definition direc
used in thishetAUdgFTA nAgwhe ecnhe ntt its Protocol s
| TAC investigation records, SACU governance too
Government of Nati onal Unity (GNU) trade polic
review, coding, and i nhtaetr pArfeCtFaTtAi o re qtua rierst racndu e

uth Africa's existing framework responds to t

at document analysis i s particularly suited
terpretive model , consideringytbatadocument s
urce for research that seeks to draw meaning
ther than measure observable phenomena [16].
s used as the analytical framework through
cumealtysais were structured and interpreted.

CFTA's harmoni zation requirements on one side
hedul es, rul es oft aorriifgfi nb atrhrrieesrh oelldismi naantdi onno no
d Sout s Afurrirceant trade policy framewor k on
stematically analysing the nature and extent
wen's argument that document analysis produc
ded categories, wihmtcd iamgo rtthaennt otrhgeanmei sz e an d

ampl es t hrough content and thematic anal ysi
ansition from fresh documentary evidence to
wen describes five speci fdalci tfatnicwe orness € enhrad h d o
at are directly suited to the design of t hi s

storical conditions, suggesting guestions t
ppl ementary research dat a, tracking policy ¢
d ensuring or supporting the findings [ 16].
cument and policy gap analyses as research de
e quality, truth, and comprehensiveness of t
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count the original purpose of each document,
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mary and secondary documentation sources on
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3.3 Data Sources

This study presents two sides of documentary
chosen based on their relevance to the researc
and capacity to provide rich valuable evidence
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requirements and South Africa's existing trad
approach is consistent with Malati 6s precedent
Af CFTA procedure on Trade in Goods was wused as
with its croelrieachinleistsy aensdt abl i shed based on its |
of ficial platform, and secondary | iterature use
[17]. The primary sources used in this study ar
Protocols ®Gamodlsr agemd i hrade in Services [ 1], DT
documents and position papers, SARS customs a
examination reports and tariff change recommend
its governance tool s, atnede rreel ceovradnst opna rtlriaadmee nptoal r
Mal at i similarly structured his number one so
Annexes of the AfCFTA Procedure on Trade in C
popul ati on, documenting their source | ocati on,
in an open and replicable manner, introducing

Af CFTA documentary research that this study em
suppl ement the primary documentary base and i
assessments pLrAoCd,ucleNICTOAYD, TRA e Worl d Bank, and t
Devel opment Banks evaisewed!| | j oaugs nplkerarticles on

i mpl ementation, regional integration theory,

readi ness, in line with Mabatprssamndeamnd seco
interpret findings drawn from primary AfCFTA d
was prioritized because it contains the actual
whose meaning, scope, and effecéeyaaerethe subjec
not representations of the AfCFTA's responsibil
but rather the obligations and framewor k themse
credible policy gap analysi s. Mal at j i explicit]l
the credibility and reliability of primary AfCF
publication on reputable official government pl
analysis of these documents yields empirically
Agreemeaquiui res and what gaps remain [17]. Secon

based on the standards held in their institutio

reports for their specialized focus on AfCFTA i

Wor |l d Bank aansds eMCiemd s for their organized an:

ance chafrleengeawed aodr mpaeley for their t he
t o

compl i

empirical contributions the regional i ntegr a
the dependence onsitsexdafuapricmantrynsowamae ydocumer
recognized gap, acknowledging that the incorpo
research techniqgues, such as discourse analysi s
a more precise outcomedy Tshuipsp oirst sprietcsi sperliymawhyy stc
analysis with secondary analytical sources frort

Worl d Bank [17]. The primary and secondary sour
documentary material for thiss fsutluldyy ;r ehaolwezveedr , t
only when a structured framework governs how
interpreted to produce findings that are organi

three research objectives [17].
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3.4 Analytical Framework

The analytical framework combines thematic and policy gap analyses instage
process. First, thematic analysis categorizes documentary evidence into major
themes in the AfCFTA legahrchitecture and South Africa's trade governance
model: tariff harmonization, rules of origin, ndeariff barrier (NTB) removal,
institutional coordination, and SAGKBfCFTA interface. In the second stage,
policy analysis crosmaps the identified themes toeate 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 analytiadihfis 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-hDC
member, is requéd 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 stictly justified reasons [22]. The current South African tariff
schedule, including intermediate goods tariffs averaging 20% in manufaeturing
adjacent industries, exhibits considerable -nompliance with the fivgear
liberalization obligation for a largeart 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 rulekorigin (as of February 2024) [22]. The remaining
7.7% predominantly textiles, clothing, and motor vehicles a compliance gap
that is of particular concern for South Africa, given the industrial and export
potential in these sectors. The lack offired 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 availale 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 AfETA Annex on Customs Cooperation obligations, which
requires customs harmonization, includes the adoption of harmonized customs
procedures, the establishment of singiedow systems, and the provision of
mutual administrative assistance in the customdd.fifhe 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 oANf@FTI A trade.

4.2 SouthAfrica'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 substantiveorpliance that fails
South Africa to fulil 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 iM\fCFTA 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]hifd, 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 tagal 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 remedie 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 SACUATCFTA 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 governancestructure: 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
preferenes (the DA's free trade ideology, the ANC's industrial policy

protectionism, and the IFP's constituefi@sed concerns) to produce a coherent

Af CFTA harmonization policy. Second, the GNU®s
stabilization, energy crisis managemheand shorterm economic challenges

creates cost constraints, drawing political resources away from thetelong

commitment needed for AfCFTA harmonization.

5 Discussion

5.1 The Scopeand Significance of AfCFTA Harmonization
Requirements for South Africa

Harmonization obligations are more complex than the management structures
under pinning S eAICFTA tradé rpolicy arégime. pg-rora the
neofunctionalism perspective, the AfCFTA tariff, rules of origin, and NTB
obligations create functional spilloveressure for further harmonization in customs
administration, industrial policy, and investment policy beyond the obligation of
early liberalization.

5.2 Interpreting the Alignment Gap 6 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 gafise ITAC
investigation backlog, NTB reporting deficiency, and absence of SA[GFTA
interface mechanismsreate 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 SA@QECFTA 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 harnesshe 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 agams 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 frommpetition 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 thatititional
frameworks are in line with AfCFTA obligations to take advantage of the scale
benefits of continental market integration.

5.3 Understanding the Barriersd Political Economy and
Institutional Explanations

Three barriers, including institutional fragmentation, prevent the institutional
coordination needed to resolve the SABICFTA tensions because no
institutional actor has the mandate and authority to negotiate with the DTIC, ITAC,
SARS, and SACU. Governeae 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 SA@UECFTA 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
Regionalisn'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 pralucts (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
managemerto 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 usan 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 rdef origin for textiles, clothing, and automobiles
have not been finalized. The SACU Tariff Board has not been active since 2002.
These problems cause shtatm costs for South African exporters and create-long
term uncertainties. This uncertainty affectvestments in manufacturing and South
Africads business standing in Africa. The ot he
based on the three main problems that were found in different parts of the
government (DTIC, SARS, ITAC, and the SACU Secretariat)wvorking 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 ogfezrtu
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 barrigitie bound no#tariff barrier elimination
roadmap) that will overcome institutional fragmentation, GNU government
constraints and SACUAfCFTA governance constraints necessary in systematic
policy gap analysi s. These steps should support
integration, economic competiiness, regional development and open up
industrial growth goals.

Overall, the studgontributes 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 smhst The thregillar institutional reform agenda
AfCFTA Harmonization Unit, the SACFCFTA alignment protocol and the nen

tariff barrier elimination roadmaprecommends actionable policy solutions that are
directly responsive to theompliance 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 gernance 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 incorpoates 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
otherAfCFTA country member states and researchers

Limitations

Although the study had its strengths, several limitations were identified. The study
analyzed the macrimstitutional level of governance structustate bodies like such

as DTIC, ITAC, SARS and the SACU Secretariat and not captured the-lenero

the private sector like compliance costs incurred by the individual South African
exporters and importers and constraints faced by individual SMEstfiahare real
determinants oAfCFTA utilization.

The primary geographical focus of South Africa as the major AfCFTA member
state, most industrialized and the biggest #ACU trading partner limited the
comparative analysis of implementation of harmonisation across the other AfCFTA
member economies anthis 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 unaviaidadata 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 consequenme South Africa's
export performance, GDP growth and job creation in a South A&IC&TA even
though it is clearly diagnoseAlthough these limitations are to be considered, they
do not negate the overall contribution made by the study. On the gttty point

out the areas that could be improved in future research studies

Future Research

Future research ought to ugeantitative and econometric modellinig quantify

the economic costs of 8th 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 industriaad the welfare losses from the ongoing
presence of notariff barriers. This will form a basis for gravity model
specifications and computable genexquilibrium frameworks that will allow the

shift from institutional data to the policy urgency that this study has identified.

The inclusion of firmlevel survey research on South African exporters will greatly
capture the micrdevel evidence on private sector awareness on the AfCFTA
preferences, their actual utilization rates and practical barriers encountered at the
point of tade supplementing the madrsstitutional analysis.

The Expansion ofhe geographical coverage to represent a bigger group ef 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 cgesyecific or astructural issue in the
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AfCFTA implementation architectureThis 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 catiparinformation
across various development paths, institutional settings and policy environments in
the region allowing for learnings and policy interventions.

The use of Il ongitudinal research tracki

policy through successive electoral and coalition cycles would provide useful
insight in identification of whether the governance constraints identified are
transient or struarally embedded. This will allow future research study be
aggregated with more comprehensive and ntajtered understanding of the
dynamics of harmonization of AfCFTA and reinforcement of the empirical
foundation on which evidendeased continental tradpolicy reform will be
strengthened
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Abstract:One of the most defining soeé@onomic challenges of the 21st century is the aging
population and the sustainability of pension systems resulting from it. Artificial intelligence
(Al) offers exciting opportunities, but its introduction must be handle@fally and
responsibly. The aim of this study is to comprehensively present the new opportunities that
Al offers in different areas of pension security, the risks that the technology poses, and the
conditions that are necessary for Al to creagalrsocial value in this strategically important

area. To this end, the paper reviews the current challenges facing pension systems, presents
the most important Al technologies and their specific uses, and analyzes the economic and
social impacts of theiintroduction. The study aims to contribute to the understanding of the
role of Al in shaping the future of pension security and to provide a professional basis for
further research and decisiemaking processes.

Keywords: pension security, artificial intelligence (Al), 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 islowing down. Longevity means that we not only live
longer, but also do so healthilygactively, 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 cies 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.sTplhenomenon involves access to

a vast amount of often unfiltered information, which poses challenges for people,
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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 system§?]. The emergence of artificial intelligence (Al) offers new
opportunities to improve pension security, manage risks and support individual
decisioamaking. The application of Al in this area is not only crucial for
technological innovation, but also for smicand eonomic stability{3].

2 The basics ofpensionsecurity

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 Commi ssionébés Green Paper (Towards ade
European pension systems) published in 2010 [5] and the 2012 White Paper (An
Agenda for adequate, sadad 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 stabiligirole.

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
paymen 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 ¥lember 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 nkat 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 &peration 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
governments design drevaluate 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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Retirement-income system

First tier Second tier Third tier
(mandatory) (mandatory, earnings-related) (voluntary, eamings-related)

1
Puso

Defined benefit Defined benefit Defined benefit
- Funded defined

Notional defined
contribution

mad Residence-based basic

— Targeted

Funded defined
contribution

mad CoNtribution-based basic

Funded defined
contribution

— Minimum

Figure 1
Summary framework of different pension financing systems
Source: Own compilation based on OE{SP[10]

The dAfirst pillaro (state) pensions are statutoc
usually financed from social securitpntributions and/or general tax revenues on
a payasyou-go (PAYG) basis. In some countries, individual schemes financed by

|l aw have been introduced alongside the first pi
pensions are private supplementary scheme®dirtk employment. Finally, the
fithird pillaro (personal) pfendesl iproivates ar e per sona

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 optigdd]. 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/oearningsrelated) 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-fprance public pension
obligations or have replaced these schemith 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 actingas 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 OEJI2] [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 lortgrm, voluntary or noiwvoluntary form of savings that is
intended to serve the financial security of the later stages of life and that does not
come from stateld-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 indes life insurance, real estate investment and all country
specifici even preferentially taxed forms of pension savings (pension bonds,
special pension accounts, etc.).
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The OECD uses the definition of pension savings pl&j [13], 2022), which
includes all financial instruments from which leteym 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 evidemhang 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 verjliéjv

3 The Al opportunities in the pension system

Pension systems around the world are under demographic and financial pressure.
Artificial intelligence (Al)T including machine learning (ML) and generativeiAl

offer promising tools to improve the coverage, efficieraxylity 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 interverdienthe next

major development directions. Pension induspgcific analyses show that Al can
deliver measurable results across the entire value ¢Hesm enrolment to payout

i 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 (Al). Common uses of Al
in social protectin include customer support, automation of baffice processes

and fraud detection. Looking ahead, Al has significant potential to improve the
performance of social programmés including through predictive analytics,
increased awareness and more tadorgerventionsi but governments need to
continue to build trust and promote transparency in the use of Al.

The OECD outlines key opportunities and recommendations for the application of

Al in pension systems, which are summarised in Table 1 with descriptions and

pensionspecific examples. The OECD recommends the application of Al in

pension systems by implemerg 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 humaapacitybuilding measures, in full accordance

with the OECD ATrustworthy AI 06 principles [ 3]
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Recommendation

Description

Pensionspecific example

Human-centric, reliable Al

Al serves people, providin
decision support; in particular
sensitive life situation
(widowhood, orphanhood
disability), human supervision
mandatory.

Prescreening for eligibility for
care with Al, but finaldecision
with an administrator; humar
handling of individual equity
cases.

representativeness, bias tests
fairness audit.

Transparency and| Communicating the role of Al Publishing  factors  behin
explainability justifying decisions an( eligibility — scores; decision
displaying "reason codes". support explanation on the clie
portal.
Data protection and security| Data  minimization, acceq Pension dashboard:  stro
(GDPR) control, logging; risk authentication, contributio
management of the use |management and loggin
generative Al. protection of sensitivy
documents.
Fairness and bias reduction | Incorporation of data cleanin{ When detecting paymel

anomalies, demographic pari
analysis (age, gender, region).

design and engagement

understandable communicatig
accessibility (A11y).

Pilot Y scali nLeaning from small pilots Pension chatbot pilot in or
gradual national expansion aff region, then scaling to nation
measurable KPlIs. customer service.

Algorithmic accountability | Independent verification, aud Full logging for automatei

and audit trail, traceability; complain| decision support; annuj
handling and correction. independent audit.

Customer-centric service| Co-design by life stageg Voice-based channels for old|

customers; simple forms.

analytics

Responsible use of predictivg

Validation, drift monitoring,
human review; rish
communication.

Forecasting payment peaks &
customer traffic for capacit]
planning.

Fraud/abuse monitoring with

Anomaly detection, reatime

Identify  suspicious paymel

public sector

advanced/specialist
competencies; ethics.

Al alerting; ethical thresholds ar patterns and identity fraud.
human verification.

Digital  architecture  and | Unified identification, conser "Pension overview" dashboal

interoperability management, standardized d| ecosystem with provide
exchange (API, SLA). integrations.

Skills development in the| Al literacy at all levels]j Agents use genAl tools fq

summarization and knowledg
discovery.

Impact assessment

monitoring

an

Continuous performance af
risk monitoring; measurement

public service value.

Tracking Al KPIs and public
service outcomes in pensi

administration.

Tablel.

Opportunities for Al in the pension system based on OECD recommendations
Source: Own compilation based on OE{3D

Hungaryods
concept af

Arti fici al-2080) f1¥ lislaiflagship ofethe St r at egy

aemdaemavi ce

stateo and

t he

Hungarian Al 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 walbased services can offer indirect benefits to the
pension age group. Such benefits could include automated administration, which
can facilitate the submission of online pensietated 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-government can also be beneficial by reducing the
digital divide between generations[1

4 The Al options in selfcare

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;g=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 actre 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 countryobs elderly citizens
the basis of need’he 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 beriigs.

However, a pension can be considered any regulaaigddncome 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 pomise 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
pensionage, 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,
becaus 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 interfag
that automatically bring
together legal relationships a
savings from multiple source
(state, employer, voluntary|
interactive overview and actig
suggestions.

There is no national pensiq

dashboard integrated fro
multiple sources. E|
administration in the

SZ, F/ | gyf ®l kap
thematic page
website.

I nteractive
calculators

Usermodifiable parameter|
(deposit, trajectory, yield),
instant forecasts and decisi
suggestions to support plannin|

MC K SserVice  pensiol
calculator (based on servil
time/earnings); calculator fq
several voluntary pension funi

(¥P0OSZz, OTP).

Payout phase planners

omparison of payout alternativ
(annuity, periodic annuity, lum
sum); payout strategy tailored
individual needs.

Annuity calculators are availab)
from voluntary funds (e.g
Erste). On the state side, t
focus on determinatio
dominates, and uniform payo|
planning is less supported.

Communication and education
(OECD/INFE)

Plain language guides, financ
education built into the interfac
measurement with OECD/INF|
guestionnaires and competer
framework.

Strong educational ecosyste
(PENZT7, P®nzi

The level of knowledge i
outstanding, but  financie
behavior and practicg
application need to be improve|

Return/risk indicators

Portfolio recommendations ar|
market simulations based on ri

profile;  transparent  retur|
communication on th
dashboard.

Voluntary funds have yiell
simulators  (OTP, Aranykor)
There is no uniform yield/ris|
illustration on the state platforn|

Automatic data

interoperability

The key to a dashboard is dg
connectivity, reatime updates|
and auditability 7 integrating
multiple sources according
standards.

This  identification ~ works
(Customer Port
multi-source pensiol

consolidation is not common.

System statistics in the custon|
view

Combining macro indicato
(average, median, region
breakdown) and individug

context in decision support.

KSH STADAT detailed pensio
statistics  (average, medig
regional breakdown) ar

available, but are not integrati
into personalized interfaces.

Action-or i ent ed
functions

Reminders, goal trackin
automatic deposit increases, 4
decision guides to encoura
actual savings steps.

These administration and fur
campaigns are available, b
systemlevel nudge framework
are not common on the pensi
platform.

Table 2

Opportunities for the application of Al in selére based on OECD recommendations
Source: Own compilation based on OE{3D

The OECD outlines key opportunities and recommendations for the application of
Al in self-care and decision support for individya¢nsionsavings, which are
summarized in Table 2 with descriptions and domestic implementation practices.
The OECD recommendations build support for individpahsionsavings 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 opensionagel[3].

Conclusions

One

of the main challenges facing Member

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 liing 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. Al
has significant pential 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 Al technology requires responsible regulation, ethical
considerations and sotidialogue. In order for Hungary to have an economy that
adapts to inevitable demographic processes, a more serious paradigm shift and the
inclusion of new technologiéssuch as Al technologigsare needed in terms of
the sustainability of the econominvéronment and pension security.

An ageing population, increasing life expectancy and changing employment
structures are undermining the balance of-asyou-go models, while market
volatility and inflation are challenging funded systems. Al is already a proven
performanceenhancing teaioblogy 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 yeansl beyond. Al offers
breakthrough opportunities in the aregefision security in three main directions.
On the one hand, it can improve matzwel forecasts and risk management, which
are essential for planning losigrm financial sustainability. Othe 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, afich ¢
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 developatent th
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 wbek,otganizational
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 empiogéeation, 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 theyevesralyzed 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 digitahnges, 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 integrate 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 neeskills that are continually improved and acquired. Because
digitalization is the area that is changing business models and the way companies
work. This is what somauthors like Gorodetsky et al. (2020), discovered in their
research[1]. Because of all thse 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.Ceatipts 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, crital thinking, and problersolving will complement the
technological capabilities of robotics and digital systg&js The result of such
synergies will be the realization of more flexible production systems and greater
adaptability to market needs and therformance of @rsonalized goods and
services [3].

Thelndustry 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 tach. The implementation of these technologies not only has a major
impact on the technological sep of organizations but also significantly alters the
working environment, the structure of work tasks and the competencies required of
employees. At thesame 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 discussionsyhile organizations are faced with the challenge of
rebuilding the workforce to fit new technological working conditigak It is
becoming increasingly important to understand how employees comprehend the
digital transformation and to what extent theg egady 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 employeastae 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 framewtbi&,paper aimso investigate

to what extent digitisation within the concept of Industry 5.0 affects employees and
the transformation of the modern way of working in organisatiohsarious
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 te 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
charges and advances in industrial syst¢Bjsindustry 4.0, as the precursor and

key driver of further advancements in digitalization and robotics, was
fundamentally built upon transformative changes in thgitalization and
automation of companie§he use of the Internet is becoming more and more
expressive, and according to the autijtswhich is represented by the Internet of
Things (loT), 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, i@ 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 [d&e8Bach
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
coopeation betweemachines 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 prisleis of effective human cooperation and
intelligent systems, as the authors d8]. In their work, they analyze how
technology can support workers instead of neglecting them, what are the principles
of cooperation between people, employees and machirtee 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 care performed by robots instead of peojl@]. 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 requissd w
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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 capabibis of both in production environmerfts0], while earlier
research has already highlighted Al applications in robotics, logistics planning,
translation gstems, and speech recognition [1it] parallel, collaborative robots
enable safe and efficient huniaabot interaction within shared workspaces, where
robots can adapt to human actions using sensors and intuitive communication
interfaces, significantly improving tasks that require fldiipi and partial
automation[12]. Another key concept is digital twé, which represent dynamic
virtual models of physical systems continuously updated through sensor data,
enabling reatime monitoring, simulation, and analysis supported by IoT, big data,
and Al 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 decisioaking processes he applicatiorof

smart systems is widely present in education and training. Specifically in the
educational sector, modern technologies. bring new approaches to learning based
on the personalizain 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
newtechnology. 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 resoues. These events lead more and more authors to engage inhresearc
on Industry 5.0 and employefs]. deal in theiresearavith 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 g46é].

3 Research methodology

The goal of this papds 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 worlthe 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 othehand, 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 conibutes 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 puwpe 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 respondé&n

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
purpcses 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. Afterada 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 engttoy 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 Wihimax 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 Kaisdtayer-Olkin (KMO) sample adequaciest 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 o
the transformation of work within Industry 5.0.

First section of questions consists of demographic characteristics. Demographic
characeristics are shown in Table 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 pergentaterms of gender structure, 57%

of men and 43% of women are represented in the sample, which represents a good
ratio for the interpetation 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 spetigts 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 presentedesults 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 10
25-34 years 37.4
35-44 years 31,5
45-54 years 14,1
55 years or older 7

Gender Male 57
Female 43

Industry/sector in which yot

work

Your current position Operational worker 37,8
Manager/Supervisor 18.1
Specialist/Expert 12,2
Other 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' pertigm ofdigitalisation and its impact on the transformation

of work within the Industry5.0 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 componeanalysis, 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 0.50According to the recommendations of [18ljch 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 factoranalysisresults in this papeEFA 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 KafgrerOlkin (KMO) measure and
Bartlettods
(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,
Bartlettods
< 0.001), indicating that the aefation matrix is not an identity matrix and that
sufficient correlations exist among variables to proceed with factor extraction.

Test

Test

of

of

Sphericity.

Sphericity

The

wa s

resul ts

stati

The analysis identified five factors, and accordinfifd, the results of the factor
analysis are interpreted through several key numerical indicators. They explain how
factors represent relationships between variabieshow 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 wa@spects of digital
transformdion, including employee motivation, technological changes in the
random environment, organizational support, digital skill development and work

life balance.
Observed Factors
variables
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

TAl 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 introducingdigitalization. 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 resultédso 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 condities. 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

motivaion and professional development. The conducted factor analysis identified
five key factors that explain employees' peta@pof 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 beteen private and professional life and the quality of the digital work
environment were parti¢arly highlighted.

These findings confirm that digital transformation is a sae@hnical process in
which technology and the human factor are interconnected. Accordingly, the
successful implementation of Industry 5.0 requires a coordinated development of
digital technologes and digital competencies of employees, as well amoons
organizational support.

Thepractical 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
succes 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 problessolving strategies. However, many beginners experience
difficulties when first encountering concepts such as function declaratiatidn definition,
parameters, retrn values, and function call$his 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 designto demonstrate the main concepts associated with
functions, including the interaction between udefined functions and the main() function.

This method aims to reduce conceptual conifgl@nd support students in understanding

the logical structure of functichased programminglo evaluate the effectiveness of this
approach, an educational survey was conducted with 200y#et computer science
students from the Faculty of Information Technology at the Polytechnic University of Tirana.
The study combined a conceptual explamatimf functions with intentionally simple
programming examples and collected student feedback regarding their understanding of the
topic. The results suggest thatesenting function concepts through a clear and simple
example can significantly support studentsd concept
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 componer4]. Modular programming through functions improves
code organization, enhances code reusability, sinplifies debugging and
maintenancéb].

These advantages are particularly significant for -fiestr computer science
students who are introduced to fundamental programming principles. Learning how
to design and use functions effectively helps students develop structured thinking
and problemsolving skills that are essential for advanced software development.

Teaching introductory programming concepts is widely recognized as a challenging
task in computer science educatj@h [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 toexamine how simplified programming examples can support the learning
process of introductory computer science students. In particular, this study
investigates whether presenting function concepts throsgigke simple example

can i mpr o wvencepual urdlerstanding 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 firstyear 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 wdefined functions and thenain()
function?

RQ3:How do simplified examples influence student
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 ammg firstyear 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 fisgar students. This study follows a
descriptive and educationapproach to analyse the role of functions in C
programming. The analysis focuses on the fundamental concepts taught in
introductory programmingourses [5]

To illustrate the discussed concepts, several simple programs were developed and
executed using theevCppprogramming environment. The programs presented in
this paper are deliberately simple so that the fundamental concept of functions in C
can be understood moresdy [3]. This approach allows firgtear 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 pgoam logic.

In addition to the conceptual explanation, an educational survey was conducted with

200 firstyear computer science students. The survey included a short conceptual

questionnaire administered before the lessontgs® and after the lesson (post

testfinorder to evaluate st udrelatedsobceptsnTtheer st andi ng of
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 progmaning principles [4]

3 Concepual 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,
methodsof 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.

Functions in C

| \ \ s
Importance of Three main Two methods to pass
Types of
functions in C concepts of functions the parameters as
programming functions arguments to functions
Reduce the | .| Function Pre-defined > Call by value
complexity declaration functions
- i User-defined \ Call by
| Reusability N Function .| User-define = o
call functions relerence
Easier .| Function
"| debugging | definition - With arguments and
i with return value
N Better Four Categories
| maintainability of Function L) With arguments and
definition } without return value
N Team
| collaboration i Without arguments
Recursive function —

and with return value

Without Arguments
and Without Return

Figure 1
Conceptual overew of functions in C Programmirjt]

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, md make the debugging process easier. Modularity allows
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programs to be divided into manageable components, which enhances software
structure and maintainabilifg].

Dividing programs into functions reduces complexity, improves aedeability,
simplifies debugging, and enhances maintainability, allowing developers to
organize programs into managealgiomponents [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 functionsserdefined function@indpredefined 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 readyade solutions for common
computational tasks in C. These functions are thoroughly tested and widely
documented, ensuring reliabilitynd software sthility [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 engineeyiiterature [7]

3.2.2 User-defined Functions

User-defined functions in the C programming languageare functions or
subprograms that are created by the developer to perform a specific task. Unlike
predefined functions (which are provided by the standard library);defired
functions are written by programmers to implement custom logic. The developer
must create the complete logic of the function. kifefined functions must also
have a specific name given by the developer. In the C programming language, user
defined functions are usually defined side the main() function and can be called
from within main() or other functions.
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Every userdefined function must have a specified data type. The execution of a C
program always starts from thaain() function and initially only the main block is
executed. In order to execute uslefined functions, developers must provide a
reference to them inside the main() function. This reference is cdledton call

Like variables, usedefined functions must baeclared before they are usadhe
source code.

Themain() functionis also auserdefined functionbut it has a special role because
the compiler only recognizes thmain() function as the entry point of the
program. Usedefined functions help to:

Reduce code complexity.
|l mprove code reusability.

Make debugging easier.

Organi ze the progr aem pattos s[majl | er , manageabl

oo o

3.3 Three Main Concepts of Userdefined 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
return type, and parameters. It allows the compiler to recognize the function before
its actual definition.

a. The function declaration must be dadeovethe 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
progamming [6]

3.3.2 Function Call

Function call It is used to execute tHanction definitionfrom main() or another
function definitonl t tri ggers the execution of the functi

d. The function call must be done inside thain() function.
a. Syntax: functionname (list of parameters or arguments)
b. A semicolon (;) is mandatory at the end of thection call

Function callenable code reuse and modular program execution, which improves
software maintainability angeadability [7]
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3.3.3 Function Definition

Function definition It contains theactual logic of the functionlt specifies what
operations the function will perform when called.

a. A function definition in C can be placexitside the main() functigrwhich
means it can appear eithmafore or after main()f the function definition is
placedbefore thanain()function a separate function declaration (prototype)
is not required However, if the function definition appeaafter 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. Iln C programming, function definitions do no

Function definitions encapsulate program logic and support modular programming
by separating tasks into indepentenits [6]

To illustrate the concepts of function declaration, function call, and function
definition, a simple program that calculatbe sum of three numbers is us@tie
program was developed and executed usingOev.

/[Example 1C program to find sum of three numbers.
#include<stdio.h>
int addint, int, int); //The function declaration must be dadgvethe main().
int main()
{
int ab,c,sum=0;
printf("Enter the values of a, b, and §;:"
scan{"%d%d%d"&a,&b,&c);
sumFadda,b,c);//The function call must be doiesidethemain().Calling function.
printf("The sum is £4d.",sun);
return O;

/[The function definition can be placedtsidethe main() function. Called Functior
int addint 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: 105 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 funclibe. 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 value(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 imtroductory computer science educatjah [8].

In the function definition (child function), we write the logic for addition, and in the
end, we return the value to thmin() function (parent function). The function in
which we write the function call is called tiparent functioror calling function
The function in which we write the logic is called thumction definitionor child
function, and it is referred to as tlealled function

The parameters used in the function call are calletdal parametersvhile the
parameters defined in the function definition are caftathal parametersAny
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 usdefined function returned the result to the calling
function inside the main() function, demonstrating function communication and
result passingg3], [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 2C program to find sum of three numbers.(Empty return)
#include<stdio.h>
void add(int, int, int); /The function declaration must be dad®vethe main().
int main()
{
int ab,c,sun¥0;
printf("Enter the values of a, b, and §;:"
scan{"%d%d%d"&a,&b,&c);

adda,b,c); //The function call must be doreside themain(). Calling function.
return o ctual parameters

/IThe function definition can be placedtsidethe main() Called function.

void add(int x, int y, int
{
Formal parameters

int d; If the output statement is
d=x+y+z; written inside the user
printf("The sum is 26d."d); «— defined function itself, a

} return type is not required.

Compilation and execution of the program.
Enter the values of a, b,and c: 105 3
The sum is = 18.

Example 2
Program to find sum of three numbers (Empty return) [1]

3.4 Four Categoriesof 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 pas of a program and support modular software dd&pn

a) Function definition with arguments and with return value.

b) Function definition with arguments and without return value.

¢) Functiondefinition without arguments and with return value.

d) Function definition without arguments and without return value.

To explain the four categories of function definitiotise same program that
calculates the sum of three numbers is used as #lustrative example. Modular
function design, such as these categories, improves code organization and
reusability, principles emphasized in software engineering literfitire

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
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3 below, the function definition takes three numbers as arguments and returns their
sum.

/[Example3. Function definition with arguments and with return value
#include<stdio.h>

int addint, 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 g;:"
scan{"%d%d%d'&a,&b,&c);

sumrFaddab,c); //Function call with arguments and with return value
printf("The sum is £6d.",sum);

return O;

/[Function definition with arguments and with return valQalled function

int addint x,int y,int z)

{
int d;
d=x+y+z;
return d;

}

Compilation and execution of the program.
Enter the valuesof a, b,and c: 105 3
The sum is = 18.

Example 3
Function definiton 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 fanction 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.

245



/[Exampled. Function definition with arguments and without return value.
#include<stdio.h>
void add(int,int,int);//Function declaration with arguments and without return valy
int main()
{

int ab,c;

printf("Enter the values of a, b, and ¢;:"

scan{"%d%d%d"&a &b, &c);

addab,c); //Function call with arguments and without return value.

return O;

/[Function definition with arguments and without return valDalled function.
void add(int x,int y,int 2)
{

int sum=0;

SUMTEX+Y+Z;

printf("The sum is £4d.",sum);

}
Compilation and execution of the program.
Enter the valuesof a, b,and c: 105 3

The Sum is = 18.

Example 4
Function definiton 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 vailué&xample 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.
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/[Example5. Function definition without arguments and with return value.
#include<stdio.h>
int add); //The function declaratiowithout arguments and with return value.
int main()
{
int sume=0;
sumradd); //The function callvithout arguments and with return value.
printf("The sum is £4d." sunj;
return O,
}
/[Function definition without arguments and with return valDalled function.
int add)
{
int ab,c,d=0;
printf("Enter the values of a, b, and §;:"
scan{"%d%d%d"&a &b,&c);
d=atb+c;
return d,

}

Compilation and execution of the program.
Enter the values of a, b,and c: 105 3
The sum is = 18.

Example 5
Function definiton without arguments andith 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 funcéibroperations are
performed within the function definitiomnd in themain() function there is only

the function call because in thmeain() function we can remove all instructions
except the function call.
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/[Example6. Function definition without arguments and without return value.
#include<stdio.h>

int main()

add); //The function callvithout arguments and without return value.
return O;

/[Function definition without arguments andthout return valueCalled function.
void add)
{
int ab,c,sunv0;
printf("Enter the values of a, b, and §;:"
scan{"%d%d%d"&a,&b,&c);
sunratb+c;
printf("The sum is £4d.",sum);

void add); //The function declaratiowithout arguments and without return value.

}

Compilation and execution of the program.
Enter the values of a, b,and c: 105 3
The sum is = 18.

Example 6
Function definition without arguments and without return value [1]

3.5 RecursiveFunctions

Recursive functions in C language are functions that call themselves to solve a

problem bybreaking it into smaller suproblems. 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 fron
keyboard and adds them using recursive calls.*/
int sumRecursivént n)
{ .
int nunm
if (n==0)
return O; // Base case.
printf("Enter number :);
scan{"%d", &num);
return num+ sumRecursiv@ - 1); // Recursive function call

int main()
{
int total;
total = sumRecursiv@); // Add three numbers
printf("The sum is = %dh", total);
return O;

}

Enter number : 10
Enter number : 5
Enter number : 3
The sum is = 18.

Compilation and execution of the program.

Example 7
C program to find sum of thregimbers, 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 areCall by ValueandCall by Reference

3.6.1 Call by Value.

InCallbyValue a copy of the variablebs value is pass
from function call in the main() function, so changes inside the function definition
do not affect the original variable in function callnrain() function.Example 14.

Theactual 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 definfidn 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 paratars in function call remain the same because they do
not share the same memory locatjéh
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3.6.2 Call by Reference.

In Call by Referencethe memory address of the variable is passed, allowing the
function to modify the original variable.

/I Example8. C program to find sum of three numbers, using call by reference

#include<stdio.h>

/IThe 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;, and z :J;
scan{"%d%d%d"&x, &y, &z);
add&x, &y, &z, &resul); //Actual parameters.

return

[*Function gefiniyon
function addyrecei
void addint *a, int *b, int *c, int *resuly //Formal parameters

/IAccess the values stored at those addresses. The calculated sum is stored in
*result= *a+ *b + *c;

}

Compilation and execution of the program.
Enter the values of X, y,and z: 105 3
The sum is = 18.

Example8
C program to find surof 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 nk® 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-yesir computer science
students. The students were askeddmplete a short conceptual questionnaire
before the lesson (pttest) and after the lesson (posst). The results are presented

in Figure 2.
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Number of Students (out of 200)

Pre-test (Before lesson) Post-test (After lesson)

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 simpé 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

studentsdé6 understanding of funct.i

Test Type Number of Students(out of 200) | Percentage
PreTest(Before the Lesson 70 35%
PostTest (After the Lesson), 160 80%

Tablel

Summary of Prélest and Postest Results

ons after t

The number of students who correctly understood the basic concepts of functions
increased from 70 students in the pest to 160 students in the passt. This
represents an improvement of approximauypercentage pointsindicating a

substanti al i
explanation.

ncrease in studentsbo

conceptual

In addition to measuring conceptual understanding, students were also asked to
evaluate whether the use of a single simple programming example helped them
betterunderstand 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 selectsgieeor Strongly Agreeindicating 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 remairteal, res
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 improvesogram structure and readability by
allowing complex problems to be divided into smaller and more manageable
conponents [6] For firstyear computer science students, learning how to design
and use functions represents an important step toward understanding modular
programming and structured swhre design [7]Functions encourage students to
develop systematic problesolving 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 st
logic and imprees their comprehension of code modularity, reusabibtyd

maintainability [3], [8]

The results of the educational survey conducted in this study provide empirical

support for these observations. The comparison between thespr@nd postest

results shows a <cl ear i mprovemegelted i n studentsbd
concepts afte the instructional explanation and programming examples. In

particular, the percentage of students who correctly understood the basic concepts

of functions increased fro86% in the pre-test to 80% in the posttest, indicating

a substantial improvement aonceptual understanding.

In addition, the student perception survey indicates that most participants
considered the use of aingle 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
programmes.

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 egtational 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 prograing concepts have also been
discussed in previous studies on programming education, which highlight the
difficulties novice programmers face when learning fundamental programming
structureg?], [10].
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6 Limitations of the Study

This study has severhinitations 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 focuspdr i mar i |y on studentsd conceptual

immediately after the lesson, and letegm retention of the concepts was not
measured. Future studies could involve students from multiple institutions and
examine the longerm impact of simplified instrdional 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 organizationpde reusability, and maintaihility [6].

This article presented an overview of functions in C programming, including
predefined and usefefined functions, as well as the concepts of function
declaration, function call, and function definition. In addition, the four main
categories of function dieitions were discussed and illustrated through simple
programming examples designed for introductory computer science students.

The results of the educational survey conducted withygat students indicate that

the use of simplified programming exampl es
understanding of functions and their role in modular programming. The comparison

between prdest and postest results suggests that presenting function concepts
through a clear and coherent exampl e can
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 pragms and support the development of effective
programming skills in introductory computer science education.

Future research may explore the effectiveness of the stxglmple instructional
approach in teaching other programming concepts such as loops, arrays, and data
structures.
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A Comparative Performance Analysis of User
Defined Function Categories in C Programming

Bojken Shehu
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Abstract: Userdefined 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 pamaters and without return valugsinctions

with parameters and without return values, functions withowampaters but with return
values and functions with both parameters and return values. Unaieding the
performance implications of these categories across compilation and execution is essential
for developing efficient software.

This study presents a comparative performance analysis oflefieed functiorcategories

in C. A total of severepresentative programs with diverse computational characteristics
were implemented and evaluated in all four function categories. Performance assessment
focused on three aspects: comgilee durdion, runtime execution irseconds, 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 withparameters and withouéturn values

tend to be more efficient. Comptiene differences were smaller but noticeable for programs
with complex function structures. These findings highlight the influence of function design
on compiletime and runtime performance, offering vallealguidancefor programmers
seeking to optimize modularity and efficiency in C programming.

Keywords:C Programming Languages, Modular Programming, Udefined Functions,
Compile timeRun time, Performance Analysis

1 Introduction

In the C programming language, functions play a fundamental rad&untured
program designThey enable developers to divide complex programs into smaller
and more manageable components, thereby improving readability, maintainability,
and code reuse [1]. By using ustsfined functions, programmers can organize
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code into logical units that perform specific tasks, which significantly simplifies
program development and debugging [2].

Userdefined 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, functionswith 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 callipgbgram.

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 st&cmanagement may introduce additional computational overhead
that can influence program performance [4].

The objective of this study is to analyze how different categories ofdesiered
functions affect program performance. Seven programs with different
computational characteristics were implemented across all four function categories
in order to evaluaténeir behavior under various conditions.

1 Methodology

This section describes the experimental setup used to evaluate the performance of
different categories of uselefined functions in C programming. The methodology
includes the description of the programs used in the experiments, the function
categories casidered, 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-gedined function categories under
various conditionsTable 1 The selected programs include common computational
problems frequently used in programming analysis, such as array operations,
numerical calculations, and algorithmic proceduidse 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 usdefined 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 the time required to compile the program before execution

V RunTimei the time required for the program to execute the computational
task

V Combined Timé 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 DeC++ integrated development environment on a computer
equipped with an Intel Core i5 processor, 8 GB RAM, and -®i6¥indows
operating system. Default coifgr 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¥ie 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 usggfined functionsThe following tables and figures
present the performance measurements obtained from the execution of the evaluated
programsThe experimental redts are presented in Tabless2
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Run Time Results

Compile Time (s)
Program No With No With
numbers | parameters/ | parameters/ | parameters/ | parameters
No return No return With return 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
Run Time (s)
Program No With No With
numbers | harameters/ | parameters/ | parameters / parameters /
No return No return With return 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.

As shown in Figure ,1the execution time trends across the evaluated programs
indicate that functions without parameters and without return values demonstrate

the lowest execution timén 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.
0.19
0.18
§ 0.17
£
= 0161
% 0.15 /\/‘
—8— No Parameters / No Return
0141 Parameters / No Return
—8— No Parameters / Return
—e— Parameters / Return
P1 P2 P3 P4 P5 P6 P
Programs
Figure 1
Execution time comparison across the seven evaluated programs
Combined Time (s)
Program No With No With
numbers | narameters/ | parameters/ | parameters/ | parameters |/
No return No return With return 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 3 and Table 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 demonsteahe lowest overall execution overhead.

Average performance across seven programs

Function Categories Avg Compile | Avg Run | Avg Combined
Time (s) Time (s) Time (s)
No parameters / No return 0.01157 0.14657 0.158
With parameters / No return 0.01257 0.17129 0.18343
No parameters / Witheturn 0.01157 0.15686 0.168
With parameters / With return 0.01%7 0.181 0.195
Table5.
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Figure 3
Average combined exetian time across seven programs

The experimental evaluation was conducted across sgegmams implemented
using the four categories of usaefined functions in C. The results indicate that
compiletime differences among the four function categories are relatively small.
This behavior is expected because the compilation process prim@niges on
syntax verification and translation of source code into machine instru¢dipns

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, theverhead 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 wd&fined functions have a
measurable but relatively moderate impact on execution performance. Similar
experimental analgs 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 tefined function categories in C
programming. Although the computational tasks performed by each program were
identical across the foufunction 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 beransferred 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 oflefgerd
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 datransferOverall, the observed performance diffeces remain
relatively moderatesuggesting that developers should prioritize code readability
and modular design while applying performance optimizations mainly in critical
sections of the program [/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 perforfance
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Abstract Customer satisfaction is a critical determinant of business performance, customer

retention, and longerm competitiveness. As organizations increasingly rely ondafatan

decisionmaking, 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 customend&edbtaset

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 intp trainin

(80%) and testing (20%) subsets, and model performance was further evaluated using a 5

fold crossvalidation procedure. In addition, feature importance, permutation importance,

and SHAP (Shapley Additive Explanations) analyses were employed to enhatele mo
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 Ssgreresults
confirmed that Service Quality (b = 9.26) and Prodtu
influential predictors of customer satisfaction, fol
2.71). Furthermore, the Random Forest model outperformed thedit@segression model,
achieving an R] v a-butitest setfand@ mean 6rosa h i theeth o R of
0.781. Feature importance and SHAP analyses consistently identified Service Quality and

Product Quality as the dominant drivers of customeisattion.
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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 niegr 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 insigbt organizations seeking to
enhance customer experience and improve service quality throughlri\ata 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 neeasure customer satisfaction. Service quality
models, particularly the SERVQUAL approach, have been significantly utilized in
assessments by taking various service parandesersh as empathy, reliability, and
responsivenegsinto account. However, due tbease models' reliance on static
analysis, a need for predictive and dynamic approaches has entgsgedquently,

unlike traditional surveying techniques, recent machine learning (ML) approaches
provide a more efficient means of modeling customer behavior through the analysis
of big datq[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 satisfation 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 methodse 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 figg{l Although,
organizations face rising demands for rese#dehtifiable records, they are
developing innovative strategies to improve data accessibility. One pngmisi
solution is the creation of synthetic datasets, which can effectively bypass
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traditional hurdles related to data access, user privacy, and confiderhizatiigrs
[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 viablesolution, especially when access to real customer data is lirkiteie
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 islated methodologies, particularly in the health sectof3po

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 moels to be tested under various scenarios. As a result of the study, the
impact of different variables on satisfaction is evaluaget 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 ofbusiness 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 i marketing, service management, and customer relationship
management research. Traditionally, researchers relied on siegey methods

and statistical models to measure customer satisfaction. However, the rapid growth
of digital technologies,-eommerceplatforms, and customer feedback systems has
created new opportunities for dateven approaches that can not only explain
satisfaction but also predict[if].

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 resul, they have become increasingly popular for analyzing customer behavior,
predicting satisfaction levels, and supporting managerial deaisaking. Recent
studies suggest that machine learning models often outperform conventional
statistical methods in pdictive tasks because they can process large volumes of
data and uncover patterns thatear models may not captur®esearchby
Mozumderet al. (2024) showsthat the application of machine learning models
offers significant improvements in the measurement and analysis of customer
satisfaction, playing a pioneering role in strategic decisiaing.
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Machine learning has become especially relevantdoremerce and digital retail
contexts, where largecale customer feedback can be used to predict satisfaction
levels and identify key drivers of customer experience. Zaghloul (2024) compared
traditionaland machine learning approaches for predicthopmmerce customer
satisfaction and found that Random Forest achieved strong predictive performance,
outperforming several alternative approaches. Similarly, Le (2024) proposed a two
step predictive frameworlcombining deep learning and traditional machine
learning methods to analyze Vietnameseommerce reviews, showing the
usefulness of hybrid models for satisfaction analytics. These studies confirm that
machine learning methods are increasingly valuabtetrfmsforming 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 dhteen insights that strengthen
decisionmaking processesThe 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 industfg].

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 dternative 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
machne learning methods, while Sanck®errano 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 whemeal customefevel 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 traiest splitting, crossalidation, and multiple performance

metrics to ensure the rability and generalizability of predictive models.

Eval uati on measur es such as R| , MAE, and
regressiorbased studies to assess predictive accuracy and compare alternative
algorithms. Such validation procedures are particularlyoitant when machine

learning models are applied to support business decigpns

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 n@ethods
particularlyensemble learning algorith@shave 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 perceigedvice and product quality, and the
secondary but nenegligible contribution of demographic and behavioral factors
the following hypotheses are proposed for empirical testing:

Hypothesis 1 (HL): Service quality exerts a positive influence on customer
satisfaction.

Hypothesis 2 (H2): Product quality is positively associated with levels of customer
satisfaction.

Hypothesis 3 (H8): Higher income levels are expected to positively affect overall
satisfaction.

Hypothesis 4 (Hf): 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 Sourceand Variables

The dataset consists of 38,444 individual customer observations. Key variables
analyzed include demographic traits (age, gender, country, incaiedyvioral
patterns (purchase frequency), and perceptual measures (product and service
quality), all of which are assessed in relation to the satisfaction &orthetic 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 subseent 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

usingregressin coef ficients and the coefficient of de

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 (R]), Mean Absolute Error ( MAE),
(RMSE). In additiona 5fold crossvalidation 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 asseskthe 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 vateb 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 multimethod 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 divargbles. The
visual findings are interpreted as follows:

lhe coefficient of determination (R? = 0.7001

Factors Effect size (Beta)

3 ServiceQuality 9.261248
2 ProductQuality
1 Income 4.107652
0 Age 2709117
4 PurchaseFrequency 1.857789
5 Gender_num 0.072845
7 Loyalty num 0.001522
6 Feedback_num -0.022677

Regressionanalysis

The conducted multivariate linear regression and correlation analyses have enabled
the identification of the key factors influencing customer satisfa¢gatisfaction
Score). The coefficient of determination for the developed modetssOR001,
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 satisfadtimse

findings align with A. Parasuramands service (gLt
that customer experience is a critical determinant of overall satisfadttos.

positive effect sizes for Income (H3) and Purchase Frequency (H4) further confirm

that economic and behavioralcfars 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

SatisfactionScore

SatisfactionScore 1.000000

ServiceQuality 0.553614
ProductQuality 0.547690
Income
Age 0.157510
PurchaseFrequency 0.113018
Gender_num 0.007579
Loyalty_num -0.006690
Feedback_num -0.008227

Correlation analysis

Based on thenter-variable correlation matrix, it was determined that 'Product
Quality' (0.55) and 'ServicQuality' (0.55) have a moderate positive correlation
with 'SatisfactionScore'. 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 lowepredictive power."

Correlation Between Varisbles
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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
dispersim 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
substatially higher effect sizes and correlations.

Loyalty Level Analysis

The "Loyalty Level Distribution" analysis reveals that satisfaction scores are
distributed remarkably similarly across the Bron@e)d, 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 cestomeports
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 80 100 range. The distribution exhibits a rigltncentrated (negatively
skewed) structure, revealing an exceptionally high level of satisfaction within this
synhetic 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 dnrers 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 R], MAE,
Model R 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 holdo u t results show that Random Forest

and

achi

RMSE=7.92. Compared with Linea9/,thhegressi on,

Random Forest model demonstrated stronger predictive performance.
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Hold-out Model Performance Comparison

1.0
0.8 1 0.776
0.697
0.6 1
x
0.4
0.2
0.0- . .
Linear Regression Random Forest
Model Mean | SD R Mean SD Mean SD
MAE MAE RMSE RMSE
Linear 0.700 0.002 7.40 0.03 9.26 0.03
Regression
Random 0.781 0.002 5.51 0.03 7.91 0.04
Forest
Table 2.

Five-fold crossvalidation performance

The 5fold crossvalidation results further confirm model stability. Random Forest
achieved ameancressal i dat ed

achi

are consitent across folds and are not dependent on a single random split.
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10 5-fold Cross-Validation Performance
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Random Forest Feature Kmportance

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
Table3.

Random Forest impurithased feature importance
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ProductQuality

ServiceQuality

Income

Age

PurchaseFrequency

Country

LoyaltylLevel

FeedbackScore

Gender

0.00

Random Forest Feature Importance

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Mean Decrease in Impurity Importance

Permutation importance

Permutation importancgas also applied because it evaluatesidmease in model
performance after randomly shuffling each predictor. This method provides a more
validationoriented interpretation than impurbased importance.

ServiceQuality

ProductQuality 4

Income

Age

PurchaseFrequency -

FeedbackScore q

LoyaltylLevel 4

Country |

Gender

Random Forest Permutation Importance

0.0 01 02 03 04 05 06 07 08
Mean Decrease in R After Permutation
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Rank Variable Mean decr ¢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

Table4.

Random Forest permutation importance
SHAP Interpretability analysis

SHAP analysisvas 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 indates that higher ServiceQuality and ProductQuality
values increase predicted customer satisfaction, whereas lower values decrease the
model output.

High
ServiceQuality W
ProductQuality W
Income -W
PurchaseFrequency * »
LoyaltyLevel_Gold ' §
LoyaltyLevel Bronze * %
FeedbackScore_Medium -{ &
FeedbackScore_High {
FeedbackScore_Low *
LoyaltyLevel_Silver <|
Country_France *
Low

20 -15 -10 -5 0 5 10 15 20
SHAP value (impact on model output)
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ServiceQuality
ProductQuality
Income

Age

PurchaseFrequency
LoyaltyLevel_Gold
LoyaltylLevel_Bronze
FeedbackScore_Medium
FeedbackScore_High
FeedbackScore_Low
LoyaltyLevel_Silver

Country_France

0 1 2 3 4 5 6 7 8
mean(|SHAP value|) (average impact on model cutput magnitud

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
Table5

Aggregated mean absolute SHAP values
Partial Dependence Interpretation

Partial dependengdots 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 ams@rvice quality are the main drivers of customer
satisfaction.
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Partial Dependence Plot: ProductQuality
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The results demonstrate that Random Forest outperformed Linear Regression. In
the holdo u t validati on, Linear Regression achieved
RMSE=9. 22. I n contrast, Random Forest achievecd
RMSE=7.92. These results suggest that customer satisfaction is influenced by
nonlinear patterns that are more effectively captured by ensemble learning methods.

The 5fold crossvalidation results further support this conclusion. Random Forest

obtained a mean cressal i dat ed R] of 0.781, compared with
Regression. The relatively small standard deviations across folds indicate that the

predictive rasults are stable and generalizable within the synthetic dataset.

The interpretability analysis confirms the dominant role of service and product
quality. Both impuritybased 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 contribuie 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 Qualitas 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, act
hold-out test set and mean crosg al i dat ed R]| of 0.781. Furtherm
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 synthetidata, 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 Al
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 realorld work situations. Using Adupported qualitative
synthesis, the study integrates several key theoretical and empirical modeigijnigc
approaches to adaptive performance, the taxonomy of soft skills, metacognitive training, and
componenbased skill frameworks. The result is a mldtiel, layered competency model
that describes the functioning of skills from foundational hard etemgies through simple

and complex soft skills to the metacognitive regulation level. The novelty of the model lies in
its resolution of the haiidsoft dichotomy and its interpretation of competencies as dynamic,
contextdependent systems, thereby esthbiig a more flexible and theoretically coherent
measurement framework.

Keywords: competency assessment, soft skills, adaptive performance, metacognition,
integrated competency model

1 Introduction

M®s z 8§r os &ocsirpoind autl) thatkobjectively measuring soft skills is
still difficult at present because their boundaries are blurred.

In my previous research, | 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) competenes 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, | demonstrated that competencies are not isolated
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skills, but rather multcomponent systems built upon one another. Simple
competencies represent wdkfined, independently developable elements, while
the development of complex competencies requires the integrated application of
multiple basic competeries in a highly contextiependent 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 typologif2].

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 Ehtleat

human capital is a multidimensional construct in which higivder skill$ such

as decisiormaking, collaboration, and adaptabiityplay an increasingly

significant role in employees6 task selection
interpretationo f the workforacd oas ofmerpegloyduat iéno an out
approach. This perspective is supported by the empirical work of Colledani et al.

[4], which offers a reliable measurement tool (MSSATMultiple Soft Skills

Assessment Tool) for assessing key soft skills (interpersonal skills, communication,

decisionmaking, integrity) in an organizational context, confirms their positive

relationship wih performance and welleing, and highlights that these skills are
interconnected. R a h n €5}, dneanwhike t pbimisddthadb g i ¢ a | review
metacognitiod as the foundation of setegulated thinking and decision

makingd is a measurable yet contesénsitive construct that plays a key role in

learning, sound decisiema k i n g, and adaptive functioning. Or
main conclusionds that there is no perfect measure of metacognition; every

measurement involves compromises. However, in the long term, prooekes

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
higherorder skills [3] [4] [5].

2 Literature review

The study by Pulakos et #] is based on the observation that, in a rapidly changing
organizational environment, workplace performance cannot be explained solely by
traditional task and contexbased dimensions. According to the authors, the
modern organizational environment is duaderized 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 contiows adaptability. Nevertheless, traditional performance
model® which primarily focus on task and contextual perform@nde 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 twgtage study, they first identified work situations
requiring adaptatio, 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 peabsolving; 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 araséreghto
varying degrees in different job roles. In the second study, following a-$aaje

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 model 6s basic structure. L
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 bdnavioral 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, selectingnd developing adaptabilifg].

JoielLa Marle et al. examing7] 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, fienhnical, and performancelated
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 environnents. One of the central findings of the article is that soft skills
align closely with the dimensions of Pulakos e
[6]. Skills such as problemsolving, 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 deelop implicitly through experience, which makes measuring them
challenging, yet underscores their gahtrole 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 providestigal guidance for the
development of adaptive work performari6g[7].

JoieLa Marle et al. examing8] 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 abbut e m. Foll owing Flavell 6s (
cited in [8]) classic definition, they interpret met a
thinkingo and di stingui sh three l evel s of k n
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procedural, and conditional). The authors start from the premise that a significant

portion of soft skills develop implicitly throt
awareness of these skills can be highly beneficial. Following their surveys, they

demongrated using an empirical, quastperimental method that a brief, structured
intervention significantly increases particir
regarding soft skills, which in part leads to an increase in generalizeeffsedicy.

The increase igelf-efficacy plays a mediating role in the improvement of adaptive

performance, particularly in the areas of creative prokdeiving, reactivity (rapid

adaptation), learning and development efforts, and interpersonal adaptability. The

results suggest &t raising awareness of soft skills itself can be an effective and

costefficient way to improve workplace performance and adaptability, as increased

awareness boosts selfficacy, which in turn improves adaptive performafgie

Jain, Bajaj, and Singh condu®] an integrative literature review examining the

role of metacognition in the development of cognitive competencies and
performance in the wor kfgclorarodel, theBaatsoesd on Br ownoés
argue that metacognition acts as a key mechanism supperdiagtive work

performance in areas such as learning, prokdeiming, decisiormaking,

innovation and creativity, as well as individual and organizational performance.

Empirical findings confirm that the role of metacognition is far more significant

than peviously 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 environmefgk

The Generic Skills Component Approach developed by Lamri and Lubarflins

to place the interpretation of hard and soft skills on a unified theoretical foundation.
According to the authorsd basic premise, ther
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, vile soft skills are noftechnical 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 cobtries 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 ang dne groundwork for the
development of a more unified theoretical framewd<.

286



Conation

Figure 1
A frameworKk 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 decisiemaking. 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, sensorymotor abilities representhgsical, sensory, and motor elements.

One of the frameworko6és most significant

competencies not as separate entities, but as dynamic, edapetdent patterns.
This enables comparable description, developmant] examination of skill
transfer in both education and the workplE@.

The pentagonal framework presented in the article provides a common

fimeasur ement frameworko for al | skill s.

above is assessed on a fpeint scale. Among the examples presented, verbal
communication received high sesracross 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 backgroungichbanalysis, 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 compongig].

The model therefore does not strive excessively to separate the two sets of
competencies,; moreover, t he aut hor sbo
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competencies contain elements from the other set, which the model effectively
demonstrates.

3 Method

The research methodology was based on asufiported, 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 skils, and on the other hand, on empirical research examining the impact of

metacognitive training, as well as a common compebased model of hard and

soft skills. The goal was to create a common, transparent, and applicable structure

fromthe aboveelenmet s. On the other hand, | tried to expl
framework[10] could be applied in practice.

At first, | used Al 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 Al based on the available information and patterns. Subsequently,
the Al applied thematic clustering and relational analysis to explore how the various
approaches relate to one another in terms of the ontology, components, and
functioning d 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 haadt dichotomy and a dynamic,
contextdependent interpretation of skills. Parallelly, metacognition appeared in one
case as a redatory 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 fivelimensional 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 mulével, hierarchical, yet multidimensional model was
developed that captes 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 Al-based coding.
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T Selection of coding strategy: the method c
thematic clushasecgcodi t@t.egory

T Devel opment of categories: what competency
what is considered a separate unit?

1T Level of abstraction: to what extent does
fisi mpled vs. Acompl exo skills)?

1T Defining relationships: how does it organiz
another (hierarchy vs. net wor k) ?

T Positioning of met acognition: does the AI t
regul atory | evel?

Possible biases may arise whether the perspective of the included studies dominates

the results, overgeneralization of pattern recognition, lossrakxt, simplification

of compl ex phenomena i nto categories (reducti
meani ngs i nto Al 6s own l'inguistic patterns (i
uncertainty regarding reproducibildythat is, the fact that the same input may n

necessarily produce the same output.

In terms of the role of human validation, | found it important to review the various
categories (assessing content validity), ensuring theoretical alignment (content
consistency with literature), the need for correction and-tfiméng (correcting
erroneos combinations and misinterpretations), and increasing transparency by
documenting the decisiemaking logic.

4 Results

Based on the results, Figure 2 illustrates an integrated,-lenti 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 stabé 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 Jai@ Marle et al[7] and consist of well
defined behaviarthat 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 leve which ensures the awareness, regulation, and centext
appropriate application of skills, and is consistent with the empirical results of
metacognitive trainingg].
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Skill Synergy

Awareness and
1 regulation of
cognitive processes.

Metacognitive
Level

Integration,
adaptation and

'2 decision-making in
dynamic
environments.

Complex Soft
Skills

Basic behaviors and
implicit functioning.

Simple Soft
skills

Stable knowledge
and low context
dependency.

Hard
Competencies

Figure 2
A hierarchical, layered synthesis of competencies
Source: Created by the author using Napkin Al

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 he hardsoft dichotomy and the layered, adaptive nature of both
simple and complex competenci@®] [2]. This framework also interprets the-92

item taxonomy list as a set of skills operating with varying component f&fios

The key role of the metacognitive level lies in making implicit processes explicit,
thereby increasing sef#ffficacy and supporting adaptability, particularly in
changing workplace environments, which can be a key to organizational success.
Thisreinfore s t he model 6s[7]g8.act i cal relevance

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 Pulakosd6s adaptive performance model , whi
tied to stable, weltlefined 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 wich 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.

uoljow-Aiosuas
uoniusooeladN

Figure 3
A framework illustrating the components of general skills
SourceEdited 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
distinctionbetween 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 amneaningful framework for both assessment and
development.

Conclusions

Based on the research findings, an integrated, +#ewiél competency model

emerges that is capable of linking taxonomic, compebased, and functien

centered approaches to soft skills. One of the
resolve the rigid dihotomy between hard and soft competencies and interprets skills

as dynamic, contexdependent, interdependent systems. The metacognitive level
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plays a key role, as it supports adaptive performance and increaseffisatly by
raising awareness of implicit processes.

The results also indicate that competencies are not mutually exclusive but rather
contextdependent elements that build upon one another (hard: to a lesser extent,
soft: to a greater extent), contributing to effective work performance through
synergistic imteraction. 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 competeneis, 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 #oretical 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@&fed and higher
education outcome expectations.

The presented multevel model may serve asséarting point for a measurement
framework, can be adapted to competebaged assessment systems and provides
a solid foundation for empirical scaling. However, in its current form, it still requires
further empirical validation and refinement. The goélfuture 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 (Al) into higher education has
generated both enthusiasm for innovation and concern regarding stress, institutional
pressure, and professional uncertainty. While research has primarily focused on stedent us
of Al, comparatively less attention has been devoted to thebwial) of academic staff
during this transformation. This paper presents the conceptual framework, measurement
design, and preliminary descriptive observations of an ongoing institutiard} sikamining
Al-related empowerment, Ag¢lated anxiety, institutional support, and general weding
among university staff. Grounded in the Job DeméRdss our ces (JD R) framewor k,
study conceptualizes Al experiences as multidimensional and cdefetdent. Early
descriptive findings indicate variability in both beneéind threatrelated perceptions. Full
inferential analyses are currently underway and will be reported in a subsequent publication.

Keywords artificial intelligence, higher education, academic widing, institutional
support, job demandwsources
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1 Introduction

Artificial intelligence (Al), particularly generative Al systems, has rapidly entered
higher education, transforming teaching, assessment, research practices, and
academic communication. Faculty members are increasingly required to redesign
assessment stegies, address academic integrity challenges, and integrate Al tools
into their workflows [4] While Al promises efficiency gains and pedagogical
innovation, it also introduces uncertainty, stress, and shifting professional
expectations.

Existing scholarship emphasizes that Al in higher education is not merely an

efficiency-enhancing technology but a structural innovation that challenges

epistemic authority and professional rol§s] Faculty must navigate concerns

related to academic misconduct, cognitive offloading, and evolving ethical norms.

For instance, Afelated academic integrity issues have been identified as a growing

source of stress for educatoffg} Such concerns are explicitly reflected in survey

it ems s uadedaadefmAlc i ntegrity issues increase my

Despite increasing debate about Al in higher education, research has largely focused
on student behavior and regulatory framewofks13] The weltbeing of academic

staff during Al 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 howrélated empowerment, Al
related anxiety, and perceived institutional support relate to generabeiet)
among academic staffl4] While data collection is ongoing, this paper outlines the
theoretical framework, measurement structure, and selected descriptive
observations.

2 Theoretical Framework

2.1 Al asJob Resource and Job Demand

The study is grounded in the Job DemaRds s our ces (JD R) model , whi ch
that occupational welbeing is shaped by the balance betweem@hands (aspects

of work requiring sustained effort) and job resources (aspects supporting

motivation, engagement, and growtf?j}

Within this framework, Al integration can function both as a resource and as a
demand.
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Al as a Job Resource Al may enhance professional functioning by increasing
efficiency, creativity, and perceived competence. This dimension is captured
through items such as:

1 Al enjoy Al support in my work.o

T AThere are parts of my job that Al does par

T AAlI tools reduce the time | spend on teachi

T Al feel confident in my ability to use Al t

T il believe Al can enhance creativity and
education. 0

T AMy overall job satisfaction has i mproved
tool s. 0

These statements operationalize tanstruct of Al Empowerment, reflecting
perceived benefit and professional enhancement.

Al as a Job Demand At the same time, Al may introduce stress, uncertainty, and
role-related concerns. This dimension is operationalized through items such as:

T AWhen | think about Al , | feel i ncompetent

T il am afraid that Al could take over my job

T AAlel ated academic integrity issues increas

T Al feel pressur e nfcroornp omya tien sAtli tiunttioo nrmyt oc our s

T il am concerned that Al may negatively affe

T Al worry that Al may eventually reduce the
engineering.o

These items form theonstruct of Al Anxiety, capturing perceivedhreat and
psychological strair6]

Recent literature highlights that regulatory uncertainty and ambiguity surrounding
Al use may amplify stress and reduce wading. Clear and transparent regulation

is therefore frequently emphasized as essential in managingelaitd
transformation[11]

2.2 Institutional Support as Contextual Resource

Beyond individual Al perceptions, institutional context plays a central role. The
studyconceptualizes Institutional Support as a contextual resource, operationalized
through items such as:

T ACl ear institutional Al policies reduce my
psychol ogi cal comfort. o
T Al feel adequately supported by my institut

tool s. o
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Institutional clarity and support may shape howrélated changes are experienced
and interpreted, potentially influencing both empowerment and anxiety perceptions.

2.3 Conceptualization of WellBeing

To move beyond narrow job satisfaction measures, the study assesses general well
being through global seteport items:

T AHow would you rate-byedwmmrg?cdurrent general we
f AHow would you rate your current mental hea
T AThe availability of Al habeanpgositive i mpa

This broader welbeing perspective enables examination of psychological
functioning beyond taskpecific attitudes.Overall, this framework allows
examination of whether Al integration operates primarily through defrelated
strain, resourceelated motivation, or contextual institutional factors.

3 ResearchDesign

3.1 Objectives
To structure the empirical investigation, the following research questions guide the
study:

RQ1: How are Adrelated benefit perceptions (Al Empowerment) and threat per
ceptions (Al Anxiety) distributed among academic staff?

RQ2: How are Al Empowerment, Al Anxiety, and Institutional Support assediat
with general weHbeing?

RQ3: To what extent do Adelated perceptions and institutional context jointly
shape psychological adaptation to Al integration?

These research questions clarify the analytical direction without disclosing
inferential outcomes.

3.2 Participants and Procedure
Participants were academic staff -members at ¢€b

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 elosed
ended Likertscale items and a limited number of orded questions regarding

Al use. Data colletion is ongoing to increase statistical power for subsequent
inferential analyses

3.3 MeasurementStructure

All Likert-scale items are measured on a fpaint scale unless otherwise indi
cated. Composite indices for Al Empowerment, Al Anxiety, and Institutional
Support are calculated by averaging relevant items.

Al Use and Attitudes. Measured using frequency indicators (e.g., frequency of Al
use in everyday life and teaching) and evaluative items assessing gentudeatti
and concerns regarding Al.

Al Empower ment . Measured using items such as #l
and AAlI tools reduce the time | spend on teachi
Al Anxi ety. Me a s ur e drelated acadgmid integntysissuesu c h as f Al
increase my stress |l evelso and adrate f eel pressur
Al into my courseso.

Il nstitutional Support. Measured using items suc
reduce my uncertainty and i mprove my psychol ¢
adequately supported by my institution in | earr
General Well Being. Aepereitensseathsisteitwiththg h gl obal sel
WHO 5 conceptual i-kemg.i on of mental well

Reliability analyses indicate acceptable internal consistency for the-iteniti
scales (details available upon request). The descriptiteture supports the
conceptual distinction between empowerment and anxiety dimensions

34 PlannedAnalyses

Preliminary analyses focus on descriptive statistics and bivariate associations.
Subsequent analyses will examine structural relationships among job demands, job
resources, contextual support, and vibeing using regressiemased and structural
modeling @proaches
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4 Preliminary Descriptive Observations

Descriptive statisticsindicate substantial variability in both Al exposure and
evaluative attitudes. Al use in general and Al use in teaching are strongly related,
suggesting behavioral consistency in technology integration. General attitudes
toward Al are moderatelgssociateavith exposure, and concern about Al tends to
decrease as exposure and positive attitudes increase. These patterns suggest that Al
engagement and evaluation form a coherent but not uniform cluster.

Descriptive analyses reveal that:

T Al Empower ment and Al Anxi ety are moderat el
inndating conceptual di stinction rather than

T I'nstitutional Support shows positive ass .
Empower ment adbeéioggneral wel]l

T Al Anxiety shows a modesheinmgati ve associ at

These patterns support the multidimensional conceptualization of Al experiences.
Faculty may simultaneously perceive Al as enhancing aspects of their work (e.g.,
efficiency or creativity) and experience institutional or integréiated pressures.

Importantly, preliminarydescriptiveassociations suggest that institutional -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 integratingrélated benefit percep
tions, threat perceptions, and institutional context within a unifiedR Jitame

work. By grounding welbeing in a broader menthkalthperspective, the study
moves beyond narrow job satisfaction measures and situates Al integration within
a socially embedded organizational transformation.

Future analyses will further examine the structural relationships amongjaiéd
demands, resources, and contextual support. These results wilpbetee in a
forthcoming full empirical article

Conclusion

Al 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 experienes, encompassing empowerment, anxiety, and perceptions of
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institutional context. Understanding academic soeling during this
transformation requires attention to the interplay among these dimensions.
Continued empirical investigation will further clarify how -fdlated perceptions

and organizational factors gieweltbeing 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 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 findingghsiiaive
COVID-19 pandemic and the 2022 energy crisis were evaluated as similarly severe, although
they affected households in different ways. COWD~vas mainly connected to uncertainty

and disruptions in daily routines, whereas the energy crisis wascited 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 tieas 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 houséhat crisis adaptation in
Hungary and underlines the role of financial awaess 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 twetityst 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 becomenost 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 fametral major disruptions within a
relatively short time. The 2008 global financial crisis affected households mainly
through debt exposure, credit restrictions, exchaatge risks, and financial
uncertainty. The COVIEL9 pandemic created a different forof 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, fpoces,

and general living expenses at the center of everyday financial decisking.
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 shenn downturns [1]. This approach is
especially relevantor householdevel research, because macroeconomic shocks
are experienced by individuals through income, employment, consumption, debt,
savings, and perceived financial security. CyieBnagement research similarly
emphasizes uncertainty and the needdpid 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 viewsdrare 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, healtkrelated, and energielated shocks in clessuccession.

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
foreigncurrency lending and loarelated vulnerability [4]. For indebted
households, repayment burdens and uncertainty increased sharply, making the crisis
strongly connected to finantidependence and debt risk.

By contrast, the COVIEL9 pandemic affected households through a broader
combination of health, labenarket, social, and lifestyle disruptions. Baldwin and
Weder di Mauro emphasize that the pandemic required fast economic intervention
because it simultaoesly affected supply, demand, and expectations [5]. At the
household level, this meant that COVID 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
describe recent twenfjrst-century crises as complex events with broad economic

consequences, including inflation and declining purchasing power [6]. Rising

energy costsfood 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 CaMpandemic, its

main effect was transmitted througtiges and recurring household expenses rather

than health risks or restrictions.

Household adaptation can also be understood through consumption smoothing and

financial decisiorma ki n g . Deatonds work on household su
households react to income volatility and shocks by modifying consumption,

savings, and financial behavi¢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 insecurityd economic uncertainty may also

harm psychological welbeing, 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 hdélg 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 cargs 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 Schr&tein show that
inflation and product scarcity during crises may increase stress and influence both
impulsive andplanned consumer behavior, including stronger financial planning
and |l ower di scretionary spending [11] . D6Acu
househol ds 6 p epandemir tpric® incseasesfare plasslyt related to
inflation expectations and perceivaak$es in purchasing power [12]. The OECD
similarly underlines that financial consumers operate in an increasingly complex
risk environment shaped by castliving pressures, debt, financial literacy, and
economic uncertainty [13]. These findings suppdré oint 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 househlddel 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 exdgence may all influence subjective impact. Therefore, this
study compares how Hungarian respondents perceived and responded to the 2008
global financial crisis, the COVI19 pandemic, and the 2022 energy crisis. By
focusing on subjective exposure, constiotp 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 househaldvel consequences of three major crises: the 2008 global
financial crisis, the COVIBEL9 pandemic, and the 2022 energy crisis. Since these
events differed intheir 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 apprbamakes 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 COVIEL9 pandemic and the 2022 energy crisis directly affected
daily life, but through different mechanisms. Therefore, the study examines whether
respondats experienced their subjective impact differently.

RQ1: How did respondents evaluate the subjective impact of the CQ¥ID
pandemic and the 2022 energy crisis?

H1: Respondents perceived the subjective impact of the C&@Ipandemic and
the 2022 energy crisis differently.

The second research question focuses on consurmplated 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 Ca&dpandemic.
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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, foreigmency loans,

and creditmarket 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
householdevel perceptions of the 2008 financial crisis, the COMMDpandemic,

and the 2022 energy crisis. The aim was notnteasure 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 dributed 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 radtto household adaptation.

The questionnaire contained demographic and aedded 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, pecially 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 househaldvel consequences

The crisisrelated section included closed questions andgiviat Likertscale

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 the2008 financial crisis, the COVH29 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 mm@autious 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 pandemic and the 2022 energy
crisis. Second, it examined perceived changes in consumption habits across the
three crises. Third, éxplored 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,ub also by the househeldvel mechanisms through
which they shaped behavior.

The main methodological limitation is the nogpresentative 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 Reallts

The empirical findings indicate that the three examined crises influenced
respondents differently in terms of subjective intensity, consumptiaited
change, and financial adaptation. The interpretation of the results must take into
account the age struge 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 2008isis received lower subjective and financial
impact scores, while the COVHD9 pandemic and the 2022 energy crisis were
evaluated as more directly relevant to

The first hypothesis proposed that the subjective impact of the CQYtandemic

and the 2022 energy crisis would differ. The descriptive results do not support this
assumption. The mean value for the COMID pandemic was 3.73, while the 2022
energy crigs 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 dgiroutines, whereas the energy crisis was mainly
linked to utility costs, inflation, and household budgeting.
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Crisis Mean Main perceived impact | Interpretation
value mechanism

COVID-19 3.73 Employment uncertainty, lifestyl{ Strong subjective
pandemic disruption, income fluctuation impact

2022 energy| 3.74 Rising household costs, utilitf Strong subjective
crisis expenses, inflationary pressure | impact

Difference 0.01 Different mechanisms, similgl No substantial

intensity difference

Table 1.

Subjective impact of the COVH29 pandemic and the 2022 energy crisis
Source: Own editing based on the survey results.

Based on these values, H1 was not confirmed. Although the CQYIpandemic
and the energy crisis operated through different mechanisms, respondents
experienced their overall intensity at nearly the same level. This suggests that

distinct crisis types camreate comparable househdddel pressure when they

affect basic security, predictability, and everyday stability. This result is consistent
with the broader crisimanagement literature, which interprets crises as disruptions
that threaten the normal fationing 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,
whichismainlyat ri butable to the

were not yet independent household decisimkers during that period. The
COVID-19 pandemic produced the highest consumptidaited score, with a mean
of 2.83, while the 2022 energy crisis@lsad a clear but slightly lower effect, with

a mean of 2.60.

sampl ebs

age
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Crisis Mean Relative strength Interpretation
value of effect
2008 financial | 1.19 Low Limited direct effect in the
crisis sample
COVID-19 2.83 Highest Strongest perceivel
pandemic consumption change
2022 energy| 2.60 High Strong effect, but lower thal
crisis 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 COMI®. The pandemic probably had
the broadest behavioral impact because it simultaneously changed work, mobility,
services, saal 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 strongeepceived effect than the 2008 financial crisis, but not a stronger
effect than the COVIEL9 pandemic.

Thi s
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ndi ng
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ne with Bal dwi
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pandemic as a multidimensional shock affecting supply, demand, expectations, and
everyday behavior [5]. COVIEL9 did not influence consumption only through

income or employmentisks; 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 purchasingower, household expenditure structures, and cost

sensitivity [6]. Its impact may therefore be understood less as a general lifestyle
disruption and more as a finanetibkcipline 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 &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 gager financial caution, more active adjustment, and

stronger attention to planning, spending control, and savings.
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Indicator Mean Interpretation
value
Perceived financial impact of th 1.47 Low direct financial impact in the
2008 crisis sample
Adaptive financial response to th 3.15 Stronger financial caution an
2022 energy crisis active adjustment
Main explanatory factor o} Age composition and more rece
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 dirguthease
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 COVI® pandemic followed by the energy crisis,
appears to hee 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 conected to indebtedness, foreigarrency lending, and exchangse

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 inddual 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
sequencef repeated shocks. This is especially relevant in Hungary, where financial
instability, pandemic disruption, inflation, and enemyjce pressure occurred

within a relatively short period. Household adaptation consequently appears to be
cumulative: finan@l caution, consumption control, and attention to reserves may
gradually strengthen as households face repeated uncertainty.

The results are also compatible with Deatonds v
income volatility and shocks [7]. Households may react by reducing discretionary
spending, postponing purchases, reallocating expenditure toward necessities, or
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increasing savingeriented behavior. In this study, such adaptive logic is most
visible in relation to the COVIEL9 pandemic and the 2022 energy crisis. At the
same time, the results show that household responses are not determined only by
measurable ecamic 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 welbeing [8]. The present findings are consistent with this
interpretation, beause both the COVH29 pandemic and the energy crisis were
perceived as strong househdddel pressures, despite operating through different
channels. Household resilience therefore depends not only on financial resources,
but also on perceived contrstability, and the ability to maintain everyday routines
under changing conditions.

Recent international findings further support this interpretation. Mennekes and

SchrammKlein show that crisigelated inflation and product scarcity can increase

stress and influence both impulsive and planned consumer behavior, including

financial plannrng and reduced discretionary spending
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 whilye 2022 energy crisis, although not producing the

highest consumptieohange mean, still generated strong financial caution among

respondents.

Overall, the results show that each crisis produced a distinct houdeheld
adaptation pattern. The 2008 financial crisis mainly illustrates the importance of
generational position and direct financial exposure. The CGMDpandemic
shows how lifestyledisruption, 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 univergamore severe than the others, but that household crisis
perception depends on the interaction between crisis type, transmission mechanism,
direct exposur e, and the respondentds 1|ife
contributes to a more detailed unstanding 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 CO\NMpandemic, and the

2022 energy crisis. The findings indicate that household crisis perception is
influenced not onlyby 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, uflity 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 decismakers at that timéhe results show that
household adaptatico 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 caati is more likely to develop through repeated exposure

to uncertainty than through one isolated crisis experieftoe. main limitations of

the research are the nogpresentative sample and its age structure, which limit the
broader generalizability of theesults, 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, inglated
effects, and the lonterm connection beeen crisis experience and household
financial behavior.
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Abstract: The study examines how digital technologies associated wibuhté Industrial
Revolution may be integrated into beairtgustry small and mediwsized enterprises, and

how industrialisation may be interpreted in a service sector that remains strongly dependent
on human expertise, trust and aesthetic judgementséarehbased digital maturity and
industrialisation model is developed, through which five dimensions are assessed: digital
presence, customer journey management, operational standardisatiomirileta decision
making and technological innovation. It &gued that beautindustry 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 processedeRmces 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; datdven 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 béerated 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 datdriven decisiormaking have been presentednaschanisms
through which labour, knowledge and productivity are reorganised [2].
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Beautyindustry 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 lod¢en. 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 ¢mued after the physical intervention has been
completed.

The present study is based on scientific research and is focused on the
industrialisation of beautindustry services. In this context, industrialisation is not
defined as the mechanised production of identical services. It is defined as the
structured orgnisation 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, cybersectyiand safetymanagement 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 crossectoral change process through which organisations are required to
develop basic digital capabilities, data literacy and platfbased 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, stiased
products and the increasingégration of technology into consumer routines [4].

Marketing and customer relationship management have been reshaped by the
transition from conventional promotion to digital, networked and platioased
interaction. Technologgriented marketing has emphasised the importance of
personalised customer valughile social media research has shown that online
communities and usayenerated content can become central components of brand
trust [5, 6]. Platform theory has also demonstrated that value is increasingly
generated through mudsided ecosystems rathéhan through isolated firm
customer transactions [7].

For beautyindustry 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, rebookingand aftercare communication. The experience economy
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perspective is therefore relevant, because value dsreadied through staged,
memorable and repeatable interactions.

3 Artificial intelligence and intelligent service
personalisation

Artificial intelligence has been increasingly used as a decsigport technology

in service contexts. Core Al literature has defined intelligent systems through
perception, reasoning, learning and action in complex environments [8]. In
managerial praate, Al has been applied most effectively where \defined tasks,
sufficient data and clear decision rules are available [9]. In béadtgtry services,

this logic is visible in Alsupported skin analysis, recommendation engines and
customer segmentatio

Imagebased diagnostics have particular relevance for the beauty sector.
Dermatological image classification research demonstrated that deep learning can
achieve high diagnostic performance in selected-sdated classification tasks

[10]. Although suchresults cannot be directly transferred to commercial beauty
services without validation, they justify the careful investigation ofaggisted

visual assessment. Augmented reality has also been analysed as a technology that
alters consumer behaviour thrdumteractivity, 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].
Neverthdess, 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 emain 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 andustomer empathy remain humeantred.
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From a development perspective, digitalisation should therefore be interpreted as a
skill transition rather than as a simple labsarving mechanism. Beauiydustry
professionals are expected to combine technical craft knowledge with digital
competence,ata 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, heddied 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 regulatin 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 beatmylustry SMEs. The study is not based on
the assumption that all salons should immediately implement advanced Al systems.
Rather, itis 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 beantyustry services? Second, how can online
visibility and customer interaction be transformed into a -daiteen service
process? Thd, under which conditions does technological development produce
genuine industrialisation benefits instead of remaining an isolated tool purchase?

A qualitative, modebuilding approach is applied. Typical salon processes are
analysed and mapped against digitalisation and automation opportunities. This
method is supported by research on sumplgin resilience and dathkiven
strategies, because evemicro-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
databased planning to a smaérviceprovider setting.
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6 The proposed digital maturity and industrialisation
model

The central result of the study is a fidenensional maturity and industrialisation
model. The model assesses digital presence, customer journey management,
operational standardisation, datdven decisiormaking and technological
innovation. Humasfactar research in safetgritical 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 del, 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 planninggconnects with customer history and improves follgov 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 arigational logic: technology creates value only
when it is connected to a controlled workflow and to responsible human decision
making.

Industry 4.0 and 5@elated 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
senice 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 acquisitiochannel. Complianeeriented 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 cooited platform access, accountable image use and
consistent review management.
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Dimension Analysed content Industrialisation relevance
Digital presence Website, social medig Converts informal visibility
reviews, portfolio into a repeatable acquisitio
channel.
Customer journey | Booking, reminders| Makes customer interactio
management payment, feedback measurable and manageab
Operational Stock, hygiene| Reduces errors and stabilis
standardisation documentation, servic( service quality.
steps
Datadriven decision | Customer frequency] Supports pricing,
making service popularity, revenu| procurement and capacit
and stock data planning.
Technological innovation | Al analysis, AR/VR, smar{ Enables differentiation ani
devices premium positioning.
Table 1.

The digital maturity and industrialisation model for beantyustry SMEsBy 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 distribued 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 manufacturimgegration research is indirectly relevant
because tracédity, transparency and verifiable process history are increasingly
expected in digitally supported operations [26]. In this study, traceability is
interpreted in a serviegpecific sense, namely as the ability to reconstruct service
steps, product use drtustometrelated decisions when quality or safety questions
arise.

Datadriven decisiormaking 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. 10T security
research also underes 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 egserated
information are processed together.
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Technological innovation is the fifth dimension. Al skin analysis, AR product
testing, intelligent devices and automated stock alerts may support differentiation.
However, weksystem security testing research indicates that applichtiead
services reque systematic verification, because digital customer interaction may
introduce new vulnerabilities [28]. The cited secuti#gting perspective is
therefore used to support careful tool selection and periodic verification of
custometfacing digital applicions.

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 trusvorthy 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 supfsthe 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 equivdte@®T systems.

The booking stage creates the first structured data point. An online baylsitegn
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 conneed 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. Cydefence research has noted the
limits of detection technologies and the need for combined technical and
organisational solution@1]. In a salon context, the same principle means that Al
analysis, image documentation and product suggestions should be interpreted by
trained professionals. This strengthens the argument that digital support must
remain embedded in professional judgeme

After the service, feedback, rebooking and personalisedadtermay be managed
digitally. Dataminimisation research is relevant because only necessary data should
be collected and disclosed, particularly where personal images and sensitive
preferencesre 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 beautyndustry 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 accessg Social media, wek Improved

page, portfolio,| discovery and
electronic payment| customer
convenience.

Operational Administrative Online  booking,| Reduced errors an|
automation simplification reminders, digitall more predictablg
customer card] capacity.

stock records

Intelligent service| Personalisation an( Al analysis, | Premium
development differentiation recommender positioning and
systems, AR/VR,| datadriven
predictive analytics| growth.

Table 2.
Development levels of digital industrialisation in beaingustry 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-dskitlopment
approaches, includingackathons, have been proposed as ways to strengthen
applied digital learning [33]. Such approaches are relevant because salon employees
often require practical, scenafimsed training rather than abstract software
instruction. The relevance of this litéwae is practical: digital competence should

be developed through short, applied and wanbdcesshased learning activities.

The third level is intelligent service development-sdipported recommendations,
predictive analytics, AR/VR and diagnostic tools can create premium value.
Research on Asupported knowledge assessment demonstrates how intelligent
systems may support sttured evaluation processes [34]. ¥WRBsed 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 ad customeffacing implications.

10 Casebased analysis of a nail salon

A nail salon was selected as an illustrative case because the service is visual,
recurring, materialependent and strongly influenced by online trends. The work
requires manual skill and creativity, but the background process can be highly
standardised. Aénabéd 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 camsption monitoring and nshow 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
structuredmarketing 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 laviul 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]. Thepsaroiple

can be adapted to salon hygiene and stock reliability. This addition clarifies why a
safetyplanning 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. Splas@ment research in
waterquality monitoring shows that data collection must be planned according to
the decision thait is expected to support [38]. For beaitgustry 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 sermiemagement
indicators, such as appointment reliability, material use and custetesition
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 complaintsaand periodic review of customer satisfaction. Security
standards applied to drinkingater systems also demonstrate that service
continuity and trust depend on controlled procedures [40]. The drivkater
example is used only as a processtrol analogybecause 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, bedwindustry 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
factorin critical infrastructure protection has shown that technological development
must be accompanied by secuwdtyare implementation and organisational
responsibility [41]. For beautindustry services, this is important because online
booking, payment, oud storage and social media accounts expose even small
businesses to operational and reputational risk.

Humanfactor research in critical infrastructure has shown that people remain a
central source of both resilience and vulnerability [42]. Machéaening research

on network and firewall data also indicates that digital systems produce patterns that
may ke 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.

Al assessment in financial institutions has highlighted the need for risk awareness
when algorithmic systems are used in decision environments [44]. Intrusion

detection research for 0T cybersecurity and studies on the need for cybersecurity
solutions in 6T 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 ug 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, custorag@ata 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 intellignt 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
aftercare communication should be documented. Only after this mapping has been
completed should stfare or equipment be selected.

The second phase should introduce-tisk, highvalue improvements. These may
include a structured service list, standardised durations, online booking, electronic
payment and automated reminders. Cybersecurity and privacy guidance
recommends that risk magement 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, castoonsent, access rights and
supplier selection.

The third phase should establish measurement. Useful indicators include booking
volume, cancellation rate, rghow rate, returningustomer ratio, average service
value, stockout events and online review quality. These indicators create the
evidence bas#or 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 be@dystry 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 servicecategories, time allocation and customer communication have been
defined. Al may support personalisation only if its outputs are interpreted
responsibly. Data may support decisimaking 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
paticularly 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
sourcesof 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 cosetics, nail services, hairdressing, maige beauty retail and skin

care consultation.

Conclusions

The study has shown that beairgustry digitalisation can be interpreted as a
servicecentred form of industrialisation. This form of industrialisation does not
remove the personal character of beauty services. Instead, it professionalises the
backgroundprocesses that support personal service delivery.

The fivedimensional model demonstrates that digital presence, customer journey
management, operational standardisation, -ddten decisioamaking and
technological innovation should be developed together. If one dimension is
neglected, the benefits dfd other dimensions may be reduced. For example, Al
based diagnosis will not create sustainable value if customer data are poorly
protected or if basic booking processes remain chaotic.

For beautyindustry SMEs, phased implementation is recommended. Basic
digitalisation should be followed by operational automation, and only then should
advanced Al or AR/VR solutions be introduced. This pathway reduces financial
risk, supports learning arehsures 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 impoitageewing,
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 mediza 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 Replibof Serbia (RZS), the World Bank, and Eurostat for the period
2014 2024. 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 tiacked through internet penetration, cloud service usage, and the
digitalization of business processes. Descriptive statistics, time series analysis, correlation,

331


mailto:ibozic@tfbor.bg.ac.rs

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 identifiedick 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, emptraining, 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 astainable 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 fager adaptation to market changes, greater economic resilience, better
decisioamaking, and an enhanced customer experience [3]. Companies that
successfully integrate digital technologies into their business systems gain a
significant advantage over the cpaiition, which is especially important for small
and mediurrsized 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 empiricallgses 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 iegaim 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
gualitative indicators, with a special focus on the factors that influence the
efficiency of the digilization 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 @), 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 petietr, 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 dhallenges 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 St#via. Ultimately, this contribution offers guidelines for building

a sustainable digital ecosystem that will support the further development and
competitiveness of domestic small and medgired 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, digial 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
emphasizedat 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 enabdéecompanies 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]. Thessults 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 mediursized 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
mediumsized enterprise

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 interndional 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 statepport, 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, ptiminary 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 wmestment incentives, and creating an environment that
fosters digital innovation and entrepreneurship 175

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 spedic 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 impoving 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.

information and communication

construction

innovation and technical activitieq 13,8 |
manufacturing | 14.4 |
Wholesale and retail trade| 28,5 |
0 5 10 15 20 25 30
Figure 1.

Sectoral representation of digital transformation in enterprises in Serbia (in %)
Source: RZ$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 et@mmerce platforms, the
implementation of digital inventory management systems, and the use of CRM tools
to improve customer relationshipbhe 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 Indust#ry) 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, robotéoy] the Internet of Things
(IoT). In Serbia, large investments pose a particular challenge for small and
mediumsized 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
operdions. 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 Ypthe 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 &msformation 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 fora 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 digitalizatiéni.e., the types of digital services used by Serbian
enteprises compared to the European avedaigeshown in Figure 2.

CRM software applications|
[ 2YLdzi Ay 3 L2266 SN TEINISHe SNLINA&SUa 24y
ERP software applicationsSimms
Hosting the enterprise's database (S
Storage of files [

Office software |

E-mail |
0 10 20 30 40 50 60 70 80 90

m Serbia m EU-27

Figure 2.
Use of cloud computing services in enterprisesmparative overview Serbia vs. EA7 (in %)
Source: Eurostat, RZS (2023)

The data presented indicate significant differences in the level of cloud computing
service usage between companies in Serbia and th27Edverage. The smallest
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gap between Serbia and the R0 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 EU27 average of 85.15%. This result indicates that the use of this type of
communicatio 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 ldgshind with 58.85% compared to 71.69% in

the EU27, 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 EA27 average is 733%0 a difference of as much as 29
percentage points. This suggests that Serbian companies are still largely using on
premise storage solutions instead of climaded technological solutions. In the

fiHosting the Enterprise'ciskatvaysmalatsd segment ,

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 tH&7EM similar
situation is seen witERM applications, where Serbia records 16.77% compared to
27.91% in the EkR7, 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 reédyigood at adopting basic cloud services

like emalil, significantly lag behind in the adoption of advanced digital solutions that
directly impact operational efficiency, customer relationship management, and
business process integration. The identified gaphe 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 degreeigithlization 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 medéirad enterprise (SME) sector, which
constitutes the dominant part of Serbia's economic structure. Given the availability
of annual da, 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. Busieegsmance is defined as
the dependent variable, and in this context, the following have been analyzed:

1 Tot al SME revenue (exfdgrmsssaead iindi mialtloiromd of
growth and market activity.
2 Labor productivity (expressed as the ratio

empl oyesesd measure of operational efficienc)
3 Profitability (Netigpgodnmnti maci enatldnn omfs foif n &Rib6
success, with 10 observations available for
in the publication of the final financial s

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 digitamaturity:

1 Share of companies receiving online orders
2 Shar e oofmeer ce 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
dynamicsof 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 tht 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 eflect 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= b+0bDigitalizationtr bt2+ Ut
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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,

Uterror. The parameter bl represents the key co
the marginal impact of digitalization on performance.

The statistical analysis methodology includes:

1 Descriptive statistics to wanighkeshe distr]
2 Correlation analysis (Pearson's coefficient
3 Regression modeling with the assessment of
4 Di agnos-tChe ctkd sntgs mul ti col linearity wusing the
Fac(v®t F) , testing for autocor-relation of r
Wat son statistic, as well as tests of the n

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 inérences 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 signiftant 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, indiating the sensitivity of this indicator to external shocks
and cost pressures.
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Variable N Minimum Maximum Mean S.td'.
value Deviation

Number of 11 661.199 | 999.336 | 830.267 103.226
employees

Total

revenues 11 5.258.902 | 19.546.367| 12.402.634| 4.307.928
(mil RSD)

Labor
productivity

(Tot. 11 7,2 23,6 15,4 5,41
Revenue /
employee)
Profitability
(mil RSD) 10 95.155 426.945 261.050 115.287

Table 1.

Descriptive statistics of SME business performance in SEbied 2024)
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 COMID pandemic, suggesting that
external shdks 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 Std.
value Dev.
B_usmesse_s with 11 19.80 28,20 2453 315
online ordering (%)
E-commerce share 11 3,20 12,80 7.37 3,19
of revenue (%)
Number of online
purchases (mil 11 4,80 82,40 26,85 25 38
RSD)
Digitalization index 11 32,00 389,00 160,06 11635
(proxy)

Table 2.
Descriptive statistics of digitalization indicators (202@24)
Source: Author's calculation based on data fR%, NBS and Eurostat.
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The index's evolution is presented in the Table 3. A moderettease was recorded
in the 20142016 period, while the 2022021 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 consaltidstatigital
capabilities. The index values are consistent with the regression analysis.

Table 4 presents a correlation matrix that reveals strong positifrelations

RZS, NBS and Eurostat

% of companies | Share of e Nuomnﬁr?; o Digitalization

Year that receive commerce in ;
online orders revenue (%) F()rl:]rlﬁ:;isss 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 53 9,8 74.1
2018. 23,5 6,2 12,5 92.6
20109. 25,1 7,8 16,3 118.5
2020. 26,5 115 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 7,0 824 389.0
Table 3.

Evolution of the digitalization indicators and proxy index (202@R4)
Source: Author's calculation based on data from

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).

341



X1 X2 X3 X4 Y1 Y2 Y3

X1 online
ordering in % 1,000

X2 E-

COmmErce | o582 | 1,000

share of
revenue in %

X3 Online

purchasesin | 0,779 | 0,191 1,000

mil.

X4
Digitalization | 0,783 | 0,198 | 0,998 | 1,000

Index

YiTotal | g43 | 0121 | 0,974 | 0,980 | 1,000

revenues

Y2 0,681 | 0,074 | 0,969 | 0,978 | 0,992 | 1,000
Productivity ! ! ! ! ! !

Y3

Profitability 0,826 | 0,088 | 0,830 | 0,858 | 0,912 | 0,889 | 1,000
(N=10)

These results preliminarily confirm tHeypothesis that a higher level of digital

Table 4.

Correlation matrix of key variables
Source: Author's calculation

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 thatammerce dynamicare 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 statisticallgmsificant 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: Model_2_: quel_:_%:
Revenue Productivity Profitability
Dependent variable Revenue (mil LabOL.JI’. Net Profit (mil
RSD) Productivity RSD)
N 11 11 10
Constant| 1418,702,138.8 -1,137.896 -95,252,743.9
Digita”z(a“bo” '?dex 57,913.4 0.032 -198.7
Ti me Tre -702,348.1 0.568 47,322.5
R| 0.969 0.995 0.953
Adj ust ed 0.961 0.994 0.939
F-statistic 124.35 852.89 70.20
DurbinWatson 2.57 0.91 1.54
VIF (Max) 2.45 2.45 2.45
Table 5

Results of the regression analysis of the impadigifalization 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 i s =p7943,4,p¥@008Y,nd highly si
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 varian ( R = 0.969),
confirming an excellent fit to the data. The time trend is not statistically significant

(p = 0061), 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 significat posi ti ve effect0.@2ps®DBY.r producti vit
At the same time, the tD.58;pt0.09%),dvhichs al so si gni
indicates that the productivity growth reflects the combined effect of digital
transformation and generatonomic progress. The model explains as much as

99. 5% of the variance in productivity (R]
third dependent variable, profitability, the coefficient for the digitalization index is

not statisti callb87; psd @558),fwhile dhe time (trénd is

signi f #4&78226; p € ®.008).

1
o
O

343



This result suggests that thegith in the profitability of SME 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 redbieenet 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 i nDiggmost€ test canfirmedithe yalidgyR] = 0. 953) .
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 digitalinatindex and the time

trend is not an issu&he DurbinWatson 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 positivea@utbation 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 causatenices.
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Abstract Small and mediursized enterprises (SMESs) constitute a fundamental pillar of the
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. Thisep
critically examines four prominent theoretical perspectives: the Res@ased View
(RBV), Dynamic Capabilities Theory (DCT), the Technology Acceptance Model (TAM), and
Big Data Analytics Capability (BDAC), evaluating their relevance, explanatorgpamd
limitations in SME contextdDrawing on recent empirical evidence from European and
German SMEs, the analysis demonstrates that each framework provides valuable but partial
insights into organisational performancEhe findings suggest that no dia¢heoretical 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 resoadagtive processes,
managerial perceptions, and datliven capabilities. This paper contributes to the literature

by highlighting the necessity of an integrated theoretical approach and provides a structured
foundation for future empirical research on EMoperating under conditions of uncertainty

and technological transformation.

Keywords ResourceBased View Dynamic Capabilities TheoryTechnology Acceptance
Model Big Data Analytics CapabilitySME Performance; European Union; Theoretical
Integration.
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1 Introduction

Small and mediursized 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

organi sations with fewer than 250 employees
million [2]. In Germany aloneSMEs (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 frequentlgxpose 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, furtler hinder their londerm sustainability [6]. Collectively, these
structural challenges contribute to heightened vulnerability and comparatively short
organisational lifespans. Evidence from Germany illustrates this fragility, with
mortality rates reachin@6% 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, raling 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 decisiemaking, and technological capability development.
Traditional strategic managent 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 opemegtion. This paper examines four major
theoretical perspectives: the ResouBased View (RBV), Dynamic Capabilities
Theory (DCT), the Technology Acceptandedel (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 ResourceBased View in SME Contexts

The Resourc®ased View (RBV) provides a foundational explanation for
variations inperformance by emphasising organisatspecific 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, difficultd imitate, and organisationally embedded [13]. This internal
focus represents a departure from externally oriented models, positioning the
organisation as a bundle of tabigi 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 developma 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 complemtary organisational processes and managerial
capabilities. Extending this perspective, Sipos et al. [16], based on acowritiry
sample of 932 SMEs, find that configurations of product uniqueness, organisational
practices, and marketriented processophistication 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 inneation performance, although these effects depend critically on
organisations leadning capabilities. Complementary findings by Radicic and
Petkovil [18] i ndi c aofdgitalishtiartisbothcenditionat ovati on i mpa
and asymmetric, varying aceding 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 configuratiand 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 diminishthe foundational contribution of RBV but instead clarify its scope.
rarely isolates modern technological capabilities as distinct resource configurations.
While RBV providesa strong foundation, it requires complementary perspectives
to fully explain SMEbehaviour under dynamic conditions
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3 Dynamic Capabilities Theory and SME Adaptation

DynamicCapabilities Theory@CT) extends RBV by addressing how organisations
adapt to changing environments through the reconfiguration of resources [19]. It
introduces a proceswiented perspective, conceptualising three core
microfoundations: sensing, which involves identifyingpogunities 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 proce426€].

European SMHocused 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 evahce 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, Famdes 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 fancas 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, showthat 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 digitailansformation maturity model tailored to
German SMEs, arguing that structured capabiiiged assessments are necessary
to guide and sequence transformation efforts. Collectively, these findings
emphasise the need for structured capability assessmemisrtodguide 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 technolog adoption and its deep integration into decisioaking
processes. Third, the effects of dynamic capabilities under specific forms of
operational disruption remain unefireorised. Thus, while DCT enhances RBV by
introducing adaptability, it still requiseintegration 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 explicitty address whether
organisational actors are willing to adopt and effectively use technological systems.
Capturing this behavioural dimensjahe Technology Acceptance Model (TAM),
developed by Davig2p], posits that perceived usefulness and perceived ease of use
shape both behavioural intention and actual system usage.adtytion of
objectively superiortechnologiesis na an automatic outcome of resource
availability; in contrast,it is mediated by managerial perceptions and cognitive
evaluations 27]. Subsequent extensignsontaining TAM2 [28], the Unified
Theory of Acceptance and Use of Technology][and TAM3 R9], 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 ora 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, Kvegaeeal. B1],
analysing 188 ownemanagers 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 § provided by VenkatesiB2], who examines algorithmic decision
support systemsand identifies additional barriers such as trust calibration,
perceived reliability, and risk sensitivity.

Within the German SME context, adoption research further underscores the
importance of TAMrelated mechanisms. Hassan et38],[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 simajigaroach, Ulrich and
Frank [34, based on survey data from 283 German firms, report relatively slow
adoption of artificial intelligence, with ganisations 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 preseartsmportant limitation in the SME
context it primarily addresses initial acceptance rather than -teng value
creation, offeringboundedinsight into how technologies contribute to sustained
performance. Addressing this dimension requires integration with perspectives that
conceptualise dateelated factors required for effective technology utilisation,
which is the focus of the subsequseattion.
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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 infustainesrganisational capability.

The concept of Big Data Analytics Capability (BDAC) addresses dghfs by
conceptualising analytics as a multidimensional capability embedded within
organisational resources, routines, and managerial processemlised as a
capability comprising tangible resources (data infrastructure and tools), human
resources (technical and managerial ettpe), and intangible resources (culture
and coordination mechanismig5]. Complementing this view, Akter et al3§]
demonstrate that analytics capability contributes to performance only when it is
strategically aligned with organisational objectives. Building on this foundation,
Mikalef et al. B7] 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 SNM&Emes the conditions under which analytics
capabilities are formed and leveraged. Ped?fh firawing on a largscale dataset

of 21,934 lItalian 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 resoalioeation decisions.
Similarly, Cadden et al.J9], analysing 194 UK SMEs, show that the relationship
between analytics capdiby and performance is mediated by knowledge integration
mechanisms that translate analytical insights into efwsstional organisational
capabilities.Additionally, OreraBlat et al. 0], 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 Lehmé&tjnthrough 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 invasErpanding

on this perspective, Kling et al4P] conceptualise the transition toward a data
driven organisation as a structured, matiige proces3hese findings demonsteat

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 limitationsSME
applicability. First,empirical work is based on cresectional data, limiting insights
into capability evolution. Second models are often derived from large
organisationslLastly, behavioural aspects remain undpecified, reinforcing the
need for integration with TAM

351



6

Integrated Theoretical Framework

Individually, the four theoreticalperspectivesexamined in this workprovide
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 perspeive fails to fully capture the complexity of SME environmeriis.
illustrate their complementarity, Figure 1 presents an integrated conceptual

representatian

Technology
Acceptance Model

Individual and
aggregated
organisation

Perceived usefulness,
ease of use,
facilitating conditions

Resource-Based VRIO Sensing, Dynamic Capabilities
o L. seizing, . .
View characteristics .= T'heory
transforming Y
Firm-level |Processual and
resource temporal firm
endowment behaviour
Resource Adaptive
heterogeneity |transformation
and initial firm under
conditions | environmental
change
Key Level of Explanatory g
Mechanism' Analysis Focus
Perceptions | Convert data
shape into
adoption  |enterprise value
behaviour

Organisational
capability
configuration

Data infrastructure,
human skills,
governance, culture

Big Data Analytics
Capability Model

Figure 1
Analytical Integration of RBV, DCT, TAM anBDAC
Source:Own elaboration based on Barndy]| Teece et al.19], Davis 6], Gupta and>eorge 85].

Importantly, ths model does not imply hierarchical dependency, but rather
analytical complementarityyhereeach 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 environmentsyrganisational 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,
decisionmaking mechanisms, and the effeet utilisation of datadriven
technologies 20]. Consequently, no single theoretical perspective is sufficient to
fully explain how SMEs simultaneously navigate volatility, uncertainty, and growth
pressures43]. 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 thénteraction between behavioural adoptia@apability
development, and performance under dynamic conditions

Conclusion

This paper has examined the applicability of four major business thearids
reveals that no single theoretical framework sufficiently explains SME performance
and adaptatioin the European contexiVhile eachtheoretical perspectiveffers
valuable insights, their individual limitations highlight the need for an integrated
approach.RBV provides a strong foundation for understanding resebased
differences, but lacks dynamic considerations. DCT addresses adaptation but
remainsincompletein operatiomal 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 integratiprthis 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 environmenfSor this reason,uture research should focus

on empirically testing these interactions, particularly in European SME settings
characterised by digital transformation and operational uncertainty
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AbstractThi s study examines the role of green
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, antack 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 systend aacommends 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 rdirecting financial flows toward environmentally responsible
investments. In this context, green finance has emerged as a strategic mechanism
for supporting sustainable economic transformation.

359

finance


mailto:Sokol.ndoka@uet.edu.al
mailto:martinaprifti710@gmail.com

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 Agreemenand policy initiatives like theEuropean Green Dedlave
reinforced the importance of aligning financial systems with climate objectives.

As a candidate country for membership in t@ropean UnionAlbania faces
increasing pressure to harmonize its regulatory and financial systems with European
sustainability standarfi§. Although the country has made progress in renewable
energy development and environmental policy reforms, green finance remains at an
early stage of developmej2] [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 degisiking.

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 longerm risks and performan¢4] [5].

2.2 Green Financial Instruments

The prevailing taxonomy of green financial instruments comprises several
specialized capitahllocation mechanisms designed to align investment portfolios
with environmental objectives. Foremost among thes@raen bondsstructured

debt securities explicitly earmarked for financing environmentally sustainable
initiatives, andyreen loanswhich provide targeted credit lines for renewable energy
deployment, energy efficiency enhancements, and sustainable infrastructure
developmeni6] [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 mechanismserve as essential international funding channels
engineered to assist developing and emerging economies in implementing
comprehensive climate mitigation and adaptation strat¢gjies

Empirical studies suggest that ESG integration can reducedomgfinancial 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 anBevelopment 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 instttanal 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 neprobabilistic sampling method was used due to limited access
to a comprehensé&r sampling frame. The questionnaire included classted
questions measuring:

1 Awareness of green finance concepts

1 Willingness to invest in green projects

1 Perceived barriers

1 Institutional readiness

Data were analyzed using descriptive statistical methods, including percentage
distributions and comparative evaluation.

361



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 adedicated 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 insttutions 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 Albaniadbds total
to further growh 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 stratSies Albania's
regulatory trajectory is heavily driven by its EU integration goals incorporating
foundational and impadiased studies on the EU Taxonomy adds vital regulatory
context.

Literatureexamines the EU Taxonomy as a cornerstone of European sustainable
finance, detailing how this scientased classification framework acts as a vital
transparency instrument to combat greenwashing and guide institutional capital
toward environmentally susteable economic activities. The literature review
highlights the framework's dual role in enabling dditaxen investor decisions and
providing companies with the necessary metrics to finance credible transitions to
netzero[13].

The alignment with the EU Taxonomy significantly enhances corporate market
value and operational efficiency¥hey alsoinvestigate how macroeconomic and
policy uncertainties impact loagrm green bond markets, which supports your
analysis of Albania's regulatory gajig] [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 macievel 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 higlevel international climate commitments into
measurable environmental additions.

The countryés EU integration process requires
environmental acquis. While progress has been made in renewable energy

legislation, financial market regulations still lack explicit sustainability disclosure

requirement$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 amtbnorsupported 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 resourabundant or developing economigy.

Complementing this mac#evel perspectiveliterature provides thatfirm-level

empirical evidence establishing a clear relati
dimensional ESG performance and its corporate capacity to successfully issue green

bonds[5] [18]. Together, they nderscore that integrating robust ESG frameworks

is not just a riskmitigation tool, but a foundational driver for mobilizing green

capital and advancing sustainable developrfdjt
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Green financing has contributed to:

1 Expansion of solar energy capacity

1 Improvement of building insulation standards
1 Reduction of energy consumption in SMEs

1 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 finandevelopment 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

=A =4 =4 -4 -4

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:

1 Government guarantees

1 Taxincentives

1 Preferential interest rates

The main obstacles identified include regulatory uncertainty, high upfront costs, and
lack of technical guidance.

The provided tablébelow highlights the transitional state of green finance in
Albania, where regulatory frameworks are currently shaped by EU integration
rather than independent national legislation. Thisdown approach has created a
market led primarily by International Fineial 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 Edéquisalignment.

Primary Led by IFIs; domestic banks offer limited solar and efficiency loar

Actors

Successes Solar energy growth, SME modernization, and public infrastruc
updates.

Barriers Lack of incentives, low awareness, and limited +&laring

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 riskharing 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 s 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
toward a sustainable economy. While the country has made progress in renewable

energy development and policy alignment with European standards, the financial

s e ¢ t o rrdian ofisustaieability 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 risharing 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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