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PREFACE

Dear colleagues,

It is our great pleasure to present the Book of Abstracts of the 18" Annual
Conference of the Institute of Economic Sciences — International Scientific
Conference on Innovation Economics, Policy and Entrepreneurship, held on 20-21
October 2026 in Belgrade, Serbia.

Over the years, the Conference has established itself as a meeting point for
leading scholars and experts, fostering the exchange of knowledge, critical debate
and new research collaborations on key economic challenges. Building on this
tradition, this year’s Conference brings innovation economics, policy and
entrepreneurship to the forefront of scholarly discussion.

The role of innovation in economic and societal development is evolving as
innovation systems are increasingly expected to respond to a broader range of
technological, environmental, economic and geopolitical challenges. Digitalisation
and artificial intelligence are transforming firms and labour markets, the green
transition is redefining development priorities and growing economic and
geopolitical uncertainty is placing new demands on innovation systems and public
policy. These issues are particularly important for Serbia and the wider region,
where strengthening research and innovation capacities must go hand in hand
with economic transformation, stronger business competitiveness and deeper
integration into European research and innovation networks.

The Conference addresses these challenges through three closely connected
thematic areas: Innovation Policy, Governance and Systems; Entrepreneurship
and Innovation Ecosystems; and Digital and Green Transformation. The Book of
Abstracts brings together 85 extended abstracts contributed by researchers
affiliated with institutions across 28 countries, covering a broad range of issues at
the intersection of innovation, entrepreneurship and economic transformation.
Despite the diversity of topics and approaches, many contributions share a
common concern: how institutions, firms and innovation ecosystems can build the
capabilities needed not only to adapt to technological, economic and societal
change, but also to shape it.
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We hope that the Conference and this Book of Abstracts will contribute to
strengthening research excellence and advancing knowledge in the fields of
innovation economics, policy and entrepreneurship. By providing a platform for
the presentation and critical discussion of new research findings, we also hope
that they will foster stronger scholarly exchange, encourage new research
collaborations and deepen the dialogue between research, policy and practice. In
this way, the Conference seeks to support both scientific advancement and the
development of more informed innovation and entrepreneurship policies.

We sincerely thank all authors, keynote speakers, reviewers, members of the

Scientific and Organizing Committees, partner institutions and technical staff for
their contribution to the Conference and to this publication.

Editors

Belgrade, October 2026
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THE STI POLICY MIX IN SERBIA: INSTRUMENTS, CHALLENGES
AND POLICY DIRECTIONS

Dijana Strbac?
Institute of Economic Sciences, Belgrade, Serbia

Lazar Zivkovié¢
Institute of Economic Sciences, Belgrade, Serbia

INTRODUCTION

Science, technology and innovation (STI) policy instruments play an increasingly
important role in strengthening innovation ecosystems, supporting
competitiveness and addressing broader societal challenges. In transition
economies, the development of coherent STI policy mixes is particularly important
due to institutional weaknesses and limited innovation capacities. This paper
analyses the structure and evolution of the STI policy mix in Serbia and examines
whether its development reflects a transition from an innovation systems
approach towards transformative innovation policy.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The paper builds on the concept of STI policy mix, which emphasizes the
interaction of policy instruments and institutions within innovation systems
(Flanagan et al., 2011). It is further grounded in the national innovation systems
perspective (Lundvall, 1992) and the systemic understanding of innovation policy
instruments (Edquist, 2001). Recent literature argues that innovation policy is
evolving towards transformative approaches that seek to address societal
challenges through mission-oriented, cross-sectoral and systemic interventions
(Schot & Steinmueller, 2018; OECD, 2024).

METHODOLOGY

The study applies qualitative policy analysis based on the EC-OECD STIP Compass
taxonomy (European Commission & OECD, 2020). The analysis covers strategic
documents, laws, programmes and institutional mechanisms related to STI policy

1 Corresponding author, e-mail: dijana.strbac@ien.bg.ac.rs
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in Serbia. Policy instruments are classified into governance instruments, direct
and indirect financial support, infrastructural instruments, and regulatory and
incentive-based instruments. The analysis focuses on identifying major
developments, institutional changes and implementation gaps within the Serbian
STI policy framework. Beyond mapping policy instruments, the analysis examines
whether Serbia's STI policy mix primarily reflects an innovation systems approach
or incorporates elements of transformative innovation policy.

RESULTS

The findings indicate that Serbia has significantly expanded its STI policy mix
during the last decade through new strategies, institutions and support
programmes. Major developments include the establishment of new institutions,
expansion of innovation support programmes, and initiatives promoting open
science and artificial intelligence. The analysis reveals that the current policy
portfolio is dominated by instruments aimed at strengthening institutional
capacities, research performance and innovation ecosystem development.
Consequently, the policy mix largely reflects an innovation systems approach,
whereas instruments supporting transformative innovation, mission-oriented
governance and systemic societal transitions remain limited.

DISCUSSION / POLICY IMPLICATIONS

The analysis suggests that Serbia's STI policy framework is progressively aligning
with European innovation policy priorities, particularly in areas such as smart
specialisation, startup support, open science and digital transformation. However,
the policy mix remains fragmented, with limited intersectoral coordination and
insufficient evaluation of policy effectiveness. The findings indicate that Serbia has
largely completed the transition from traditional STI policy towards an innovation
systems approach, while the next phase of policy development should
increasingly incorporate transformative innovation policy instruments capable of
addressing complex societal challenges through mission-oriented and cross-
sectoral approaches.

CONCLUSION

Serbia has developed a broad and diversified STI policy mix encompassing
governance, financial, infrastructural and regulatory instruments. Institutional
reforms and the expansion of innovation support programmes have substantially
strengthened the national innovation ecosystem. Nevertheless, the analysis
demonstrates that the current policy mix remains primarily focused on

21



strengthening innovation capacities rather than steering innovation towards
transformative societal objectives. Future policy development should therefore
place greater emphasis on policy coherence, mission-oriented governance, cross-
sectoral coordination and systematic policy evaluation in order to support
transformative and sustainability-oriented innovation.

KEYWORDS

STl policy, transformative innovation policy, policy mix, Serbia, innovation system
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MEASUREMENT OF INNOVATION:
SELECTION OF INDICATORS AND (MIS)USE OF SCOREBOARDS

Attila Havas*
University of Debrecen, Debrecen, Hungary
Centre for Economic and Regional Studies, Budapest, Hungary

INTRODUCTION

The choice of indicators to measure innovation processes and assess performance
is of vital significance. This paper, therefore, reviews innovation indicators from
theoretical and policy perspectives. Competing economics paradigms treat
innovation in diametrically different ways: they consider different notions as
crucial ones offer diverse justifications for government interventions; interpret
the significance of various types of inputs, efforts, and results differently, and thus
identify different ‘targets’ for measurement, monitoring and analytical purposes.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Mainstream economics emphasises the economic impacts of R&D-based
innovation efforts, advances the market failure argument and the concomitant set
of policy advice. In contrast, evolutionary economics of innovation stresses the
systemic nature of innovation and thus advocates rectifying any systemic failure
that hinders the generation, circulation, and exploitation of any type of
knowledge required for successful innovation processes. (Fagerberg et al. 2005;
Hirsch-Kreinsen & Schwinge 2014; Mendonga 2009; Robertson et al. 2009) This
way of thinking has influenced the measurement and monitoring practices of the
European Commission to a significantly lesser extent than mainstream economics.
(Jensen et al. 2007)

METHODOLOGY

The paper considers the indicators selected for compiling the European
Innovation Scoreboard (EIS) of the European Commission, as well as the Global
Innovation Index, influenced by mainstream economics (science push model of
innovation). These tools pay attention mainly to the S&T mode of innovation, at

! Corresponding author, e-mail: havas.attila@krtk.hu; havas.attila@econ.unideb.hu
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the expense of the so-called DUl mode of innovation (innovation based on
learning by doing, using, and interacting; Jensen et al. 2007). It is a major concern,
however, as the latter one is equally important from the point of view of
enhancing productivity, creating jobs, and improving competitiveness.

RESULTS

While the set of indicators used to compile the various editions of EIS have
changed to a non-negligible extent since 2002, these indicators consistently focus
on measuring R&D activities and R&D-based innovation activities. Hence, they can
be relevant in settings characterised predominantly by the S&T mode of
innovation, but significantly less useful in other settings, characterised by other
types of innovation activities. (Hirsch-Kreinsen et al. (eds) 2005; Hirsch-Kreinsen &
Schwinge (eds) 2014; Mendonga 2009; Robertson et al. 2009; Sandven et al. 2005;
von Tunzelmann & Acha 2005)

DISCUSSION / POLICY IMPLICATIONS

Using the EIS indicators would not help establishing if a certain system is
characterised by a low level of innovation activities altogether — or a low level of
R&D-based innovation activities. Yet, that is a fairly important distinction both
from an analytical and a practical (policy) point of view: these two systems
(settings) are fundamentally different. The EIS indicators in principle could be
useful in settings where the dominant mode of innovation is the S&T mode. In
practice, however, both the ST and DUI modes of innovation are fairly important.
(Jensen et al. 2007)

CONCLUSION

RTDI activities need to be monitored and assessed by considering both the STl and
DUI modes of innovation. Indicators should not be biased: all types of innovations
should be considered, irrespective of the form, type and sources of knowledge
exploited. Analysts and policy-makers need to avoid the trap of paying too much
attention to simplifying ranking exercises. Instead, it is of utmost importance to
conduct detailed, thorough comparative analyses, identifying the reasons for a
disappointing performance, as well as the sources of — opportunities for —
balanced, and sustainable, socio-economic development.

24



KEYWORDS

Mainstream economics, evolutionary economics of innovation, measurement of
innovation, scoreboards, league tables

REFERENCES

1. Fagerberg, J., Mowery, D. C. & Nelson, R. R. (eds). (2005). Oxford Handbook of
Innovation. Oxford University Press.

2. Hirsch-Kreinsen, H. & Schwinge, I. (eds) (2014). Knowledge-Intensive Entrepreneurship
in Low-Tech Industries. Edward Elgar Publishing.

3. Hirsch-Kreinsen, H., Jacobson, D., & Laestadius S. (2005). Low-tech Innovation in the
Knowledge Economy. Peter Lang Publishing.

4. Jensen, M. B., Johnson, B., Lorenz, E. & Lundvall, B. A. (2007). Forms of knowledge and
modes of innovation. Research Policy, 36(5), 680-693.
https://doi.org/10.1016/j.respol.2007.01.006.

5. Mendonga, S. (2009). Brave old world: Accounting for “high-tech” knowledge in “low-
tech” industries. Research Policy, 38(3), 470-482.
https://doi.org/10.1016/j.respol.2008.10.018.

6. Robertson, P., Smith, K. & von Tunzelmann, N. (2009). Innovation in low- and
medium-technology industries. Research Policy, 38(3), 441-446.
https://doi.org/10.1016/j.respol.2008.10.019.

7. Sandven, T., Smith, K. & Kaloudis, A. (2005). Structural change, growth and
innovation: the roles of medium and low-tech industries, 1980-2000, in: Hirsch-
Kreinsen et al. (eds) (2005), pp. 31-59.

8. Von Tunzelmann, N. & Acha, V. (2005). Innovation in “Low-Tech” Industries,

in: Fagerberg et al. (eds), pp. 407-432.

25



NAVIGATING THE SECURITY-SUSTAINABILITY-INNOVATION
NEXUS: FIRST RESULTS OF A MULTI-LAYER, MULTI-DOMAIN
FORESIGHT PROCESS

Attila Havas?
University of Debrecen, Debrecen, Hungary
Centre for Economic and Regional Studies, Budapest, Hungary

Totti K6nnola
Insight Foresight Institute & University of Alcala

K. Matthias Weber
AIT, Austrian Institute of Technology & Université Gustave Eiffel

INTRODUCTION

The EU's ambitious climate neutrality target by 2050 unfolds now in a context
where sustainability transformations are increasingly intertwined with strategic
autonomy, technological sovereignty, and geopolitical resilience. Major recent
geopolitical disruptions, esp. energy dependencies and critical raw materials
bottlenecks, have transformed industrial decarbonisation from primarily an
environmental challenge into a multifaceted security-sustainability-innovation
issue.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The integration of security considerations represents a major change in the
normative orientation of Transformative Innovation Policy (TIP). While TIP
traditionally emphasised environmental and social directionalities, recent
geopolitical developments increasingly orient innovation toward resilience, esp.
economic security and traditional defence, potentially undermining sustainability
objectives, unless explicit policy mechanisms are able to create synergies (Kivimaa
et al. 2025). This tension underscores the need for analytical frameworks that can
systematically explore how different geopolitical contexts would shape innovation
directionality.

1 Corresponding author, e-mail: havas.attila@krtk.hu; havas.attila@econ.unideb.hu
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METHODOLOGY

Our approach builds on established scenario planning methods while introducing
a novel multi-layer architecture. Rather than developing sectoral scenarios in
isolation, we construct overarching geopolitical ‘context scenarios’ that provide
consistent boundary conditions for subsequent thematic exploration. This
structure enables participants to systematically consider how global security
environments shape and frame specific technological and industrial challenges
(Havas & Weber 2023).

RESULTS

We demonstrate that an effective EU industrial decarbonisation strategy must
explicitly integrate geopolitical uncertainty and security considerations into STI
policy-making processes. The multi-layer scenario and roadmapping approach
provides a systematic, apt method for this integration, revealing how different
global contexts fundamentally reshape what technological priorities, governance
arrangements, and international collaboration strategies would be appropriate.

DISCUSSION / POLICY IMPLICATIONS

Investments in foundational capacities (advanced manufacturing, R&D, skilled
workforce, digital systems) provide valuable optionality across scenarios. Modular
policy frameworks that can activate different instruments based on emerging
conditions prove more resilient than rigid long-term commitments. Nurturing
diverse international partnerships, incl. collaborations with new partners in novel
architectures, spreads the risk of cooperation failures and preserves the possibility
of entering into new cooperations when geopolitical conditions change.

CONCLUSION

The multi-layer scenario approach demonstrates value in connecting different
levels of governance and action. Global geopolitical dynamics constrain but do not
determine specific technological and industrial outcomes; regional, national, and
local contexts mediate how broad trends manifest. Structuring analysis to
explicitly link context scenarios with thematic deep-dives enables more nuanced
strategy development. Stakeholders, who explore multiple futures together,
develop shared understanding of critical uncertainties and ownership on the
jointly identified strategic actions, enabling more agile responses to emerging
developments.
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THE RELATIONSHIP BETWEEN GOVERNMENT-FUNDED AND
BUSINESS R&D EXPENDITURE IN THE EU-27

Matej Boor?!
Bratislava University of Economics and Business, Faculty of Economics and Finance,
Bratislava, Slovak Republic

Yuliya Petrenko
Bratislava University of Economics and Business, Faculty of Economics and Finance,
Bratislava, Slovak Republic

INTRODUCTION

Government support for research and innovation represents an important
component of innovation policy across the European Union. Public funding may
stimulate private-sector innovation by reducing technological uncertainty, easing
financial constraints, and encouraging additional investment in research and
development (R&D). Understanding the relationship between public support and
business R&D activity is therefore important for evaluating the effectiveness of
innovation policies. The aim of this study is to examine the relationship between
government-funded business R&D expenditure and total business R&D
expenditure in the EU-27.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The theoretical justification for public support of R&D is rooted in market failure
theory and knowledge spillovers, which prevent firms from fully appropriating the
returns from innovation (Arrow, 1962). Public intervention can therefore
encourage private investment by reducing risks associated with innovative
activities and supporting technological development. Empirical studies generally
suggest that public R&D expenditure complements rather than crowds out private
R&D investment. Guellec and van Pottelsberghe (2000) identified positive effects
of government support on business R&D activities, while Soete et al. (2020)
highlighted the broader economic benefits of public R&D expenditure. More
recent studies have similarly reported positive interactions between public
support and private innovation investment (Ciaffi et al., 2023; Pellens et al., 2024).

1 Corresponding author, e-mail: matej.boor@euba.sk
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METHODOLOGY

The analysis employs annual EU-27 data obtained from Eurostat covering the
period 1990-2009. Business enterprise R&D expenditure (BERD) serves as the
dependent variable, while business R&D expenditure financed by the government
sector represents the explanatory variable. Both variables were expressed in
logarithmic form. Given the time-series nature of the data, Augmented Dickey-
Fuller (ADF) tests were conducted to assess stationarity. Both variables were
found to be non-stationary in levels. An Engle-Granger cointegration test was
subsequently performed to examine whether a stable long-run equilibrium
relationship exists between the variables. As cointegration was not confirmed, the
relationship was estimated using a first-difference log-log regression specification
to avoid potentially spurious regression results.

RESULTS

The ADF tests indicated that both variables exhibit non-stationary behavior in
levels. The Engle-Granger cointegration test did not confirm the existence of a
stable long-run equilibrium relationship between government-funded and
business R&D expenditure (p = 0,889). Consequently, the relationship was
estimated using first differences. The first-difference log-log regression results
reveal a positive and statistically significant association between changes in
government-funded business R&D expenditure and changes in total business R&D
expenditure. The estimated elasticity of 0,31 suggests that a 1% increase in
government-funded business R&D expenditure is associated with approximately
a 0,31% increase in business R&D expenditure. The coefficient is statistically
significant at the 5% level (p = 0,019). These findings provide evidence of a
positive short-run relationship between public support and private-sector R&D
activity.

DISCUSSION / POLICY IMPLICATIONS

The findings are consistent with the view that public R&D support can
complement private innovation investment within the EU-27. Although no
evidence of a stable long-run equilibrium relationship was identified, increases in
government-funded R&D expenditure are positively associated with short-run
changes in business R&D expenditure. This result is broadly aligned with previous
studies reporting complementary relationships between public and private R&D
activities (Guellec & van Pottelsberghe, 2000; Ciaffi et al., 2023; Pellens et al.,
2024). From a policy perspective, the results suggest that government funding
remains an important instrument for stimulating private-sector innovation
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activity. However, the absence of cointegration implies that public funding alone
may not be sufficient to generate sustained long-run increases in business R&D
expenditure. Effective innovation policy should therefore be accompanied by
broader measures aimed at strengthening innovation ecosystems, improving
access to finance, and supporting research-intensive business environments.

CONCLUSION

This study contributes to the literature on innovation policy by examining the
relationship between government-funded and business R&D expenditure in the
EU-27. After accounting for the time-series properties of the data, the results
indicate a positive and statistically significant short-run association between
changes in public support and business R&D expenditure. While no evidence of a
stable long-run relationship was found, the findings suggest that government
funding can play an important role in supporting private-sector innovation. Future
research should employ more comprehensive datasets and further investigate
whether the effects of government R&D support emerge with time lags or
through broader innovation-policy mechanisms.

KEYWORDS
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government-funded R&D, innovation policy
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INTEGRATION IN SERBIA
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INTRODUCTION

Digital transformation has become a structural determinant of how research
systems preserve, access and circulate knowledge. Within the Open Science
agenda, digital repositories constitute critical support infrastructure for research
visibility, preservation, reuse and knowledge diffusion. Their relevance to
innovation economics and policy stems from the fact that national innovation
systems depend not only on knowledge production, but also on the conditions
enabling its accessibility, circulation and use. However, the formal availability of
repositories does not necessarily lead to their integration into researchers’
everyday practices. The paper examines the extent to which digital repositories
are actively integrated into scholarly work in Serbia and identifies the individual
and institutional factors associated with higher levels of integration.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Digital repositories enhance access, preservation, searchability and dissemination
of scientific outputs (Demetres et al., 2020; Asadi et al., 2019; Bashir, 2021). Prior
studies show that their use may support research efficiency and productivity, but
also that adoption differs by institution, discipline, career stage, support and
experience (Ani et al., 2015; Kim, 2011; Maceviciute & Kepaliene, 2022). Banovi¢,
Bradi¢-Martinovic¢ and Zdravkovic¢ (2026) confirm these differences for Serbia. This
paper shifts the focus from perceived performance to active integration of
repositories into scholarly practice.

! Corresponding author, e-mail: abmartinovic@ien.bg.ac.rs
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METHODOLOGY

The study uses original survey data collected among researchers in Serbia through
an online questionnaire conducted from 18 to 27 May 2023, yielding 326 valid
responses. For this paper, a new indicator of active repository integration is
constructed from items capturing repository use for disseminating own
publications, finding and downloading publications and datasets, and preparing
academic documentation. Descriptive statistics, Cronbach’s alpha and logistic
regression are used to identify individual and institutional factors associated with
higher integration.

RESULTS

The newly constructed indicator suggests that digital repositories are already
integrated into scholarly practice among many researchers whose institutions
have repository infrastructure. The selected practice-oriented items form a
coherent indicator of active repository integration. Descriptive findings point to
stronger integration among researchers from institutes, as well as among those in
the humanities and social sciences. Integration is also higher in institutions with
more mature repository infrastructure. Logistic regression confirms repository
maturity as the clearest predictor of active integration. Institutional affiliation and
familiarity with digital licenses show positive but weaker associations, while
scientific field, years of experience and self-assessed digital skills are not
significant in the adjusted model.

DISCUSSION / POLICY IMPLICATIONS

The findings suggest that digital repositories can function as a support mechanism
within research and innovation systems, but primarily when they are
institutionally mature and embedded in everyday research routines. Open Science
policies should therefore move beyond platform development and formal
compliance, and focus on sustained repository support, clear procedures,
researcher training and incentives for active use. Stronger repository integration
may improve knowledge circulation, research visibility and the ability of small
research systems to use digital infrastructure more effectively.

CONCLUSION

Digital repositories should be understood not only as archival platforms, but as
part of the support infrastructure for Open Science and research activity. The
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Serbian case shows that active integration depends more on institutional maturity
than on researchers’ self-assessed digital skills. For small and developing research
systems, the key policy challenge is therefore to ensure that repository
infrastructure is continuously supported, clearly organized and practically
embedded in researchers’ everyday work.

KEYWORDS

Open Science, digital repositories, research infrastructure, innovation systems,
Serbia
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INTRODUCTION

Contemporary research assessment is evolving from metrics-based evaluation
towards more qualitative approaches that recognize diverse research
contributions beyond publications and citation metrics. This evolution raises the
guestion of whether researchers across scientific fields share common views on
the contributions that should be recognized in research assessment. This study
examines researchers' perceptions of research contributions across different
scientific fields in Serbia.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Research performance is increasingly recognized as a multidimensional concept
extending beyond publication and citation metrics (Bazeley, 2010). At the same
time, understandings of research quality and research performance are influenced
by disciplinary and organizational contexts (Nedeva et al.,, 2023; Debernardi &
Seeber, 2026). This leaves open the question of whether a common research

1 Corresponding author, e-mail: isidora.beraha@ien.bg.ac.rs
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assessment framework can recognise diverse research contributions while
remaining sensitive to disciplinary contexts.

METHODOLOGY

The study is based on an online survey of 162 researchers from four scientific
fields in Serbia (Social Sciences, n=64; Natural Sciences and Mathematics, n=38;
Humanities, n=30; Engineering, Technological and Biotechnical Sciences, n=30),
representing different career stages. The analysis focuses on responses to the
guestion assessing the importance of research contributions. Average ratings
were calculated for each research contribution and compared across scientific
fields to identify shared and discipline-specific patterns in researchers'
perceptions.

RESULTS

Across all scientific fields, research publications emerged as the most highly
valued research contribution, confirming their central role in research
assessment. At the same time, citations, project leadership, and mentorship were
consistently recognised as important research contributions across disciplines,
while interdisciplinarity also ranked highly in most scientific fields. However, the
relative importance of several contributions varied across disciplines. Policy
impact received higher ratings in the social sciences, while patents and technical
solutions were more highly valued in engineering and technological sciences.
Research databases were particularly recognised in the natural sciences. These
findings reveal discipline-specific differences in the importance attached to
individual research contributions, reflecting different pathways through which
research contributes to science, society, and innovation. The results indicate
substantial convergence around a shared core of research contributions,
alongside differences that reflect disciplinary research contexts.

DISCUSSION / POLICY IMPLICATIONS

The ongoing shift from metrics-based to responsible research assessment has
intensified the debate on how to evaluate diverse research contributions across
different scientific fields (Hicks et al., 2015; Aubert Bonn & Bouter, 2023). While
previous studies emphasize that research quality and evaluation are influenced by
disciplinary contexts (Nedeva et al., 2023) and that peer-review judgements may
vary across disciplines (Thelwall et al., 2023), our findings suggest that researchers
nevertheless share a substantial core of research contributions that they consider
important for assessment. These findings provide empirical evidence suggesting a
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common qualitative research assessment framework, complemented by
discipline-specific adaptations where needed.

CONCLUSION

The findings suggest that, despite disciplinary differences, researchers across
scientific fields share a substantial core of research contributions that they
consider important for research assessment. This provides empirical support for
developing a common qualitative research assessment framework that recognizes
diverse research contributions while remaining sufficiently flexible to
accommodate disciplinary specificities. The study contributes to the ongoing
debate on responsible research assessment by providing evidence from the
Serbian research community, a context that remains underrepresented in the
literature.

KEYWORDS

Responsible research assessment, research contributions, scientific fields,
qualitative assessment, Serbia
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THE HIDDEN DRAIN ON INNOVATION CAPACITY: STRUCTURAL
PRECARITY OF WOMEN RESEARCHERS IN POST-SOCIALIST
TRANSITION ECONOMIES: THE CASE OF LATVIA

Liva Grinevica?
Latvian Academy of Agricultural and Forestry Sciences, Riga, Latvia

INTRODUCTION

Innovation systems depend on stable, motivated research workforces. Yet in post-
socialist transition economies, structural precarity undermines this foundation. In
Latvia, women dominate doctoral education but face systematic barriers to
sustainable research careers. This hidden drain on innovation capacity - the loss of
highly qualified women researchers - remains underrecognized in innovation
policy. Although this study focuses on Latvia, its post-Soviet legacy, EU integration
trajectory, and persistent gender employment gaps make it illustrative of broader
challenges facing post-socialist transition economies. This study examines and
documents this phenomenon using statistical indicators and qualitative
interviews.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Innovation system literature emphasizes human capital but overlooks gendered
employment precarity (Lorey, 2015; Standing, 2011). The “leaky pipeline” costs
economies both investment in doctoral training and foregone innovation output
(European Commission, 2019). In transition economies, Soviet-era legacies of high
female educational attainment coexist with contemporary precarious
employment (Kuchumova et al., 2024). As one participant noted: women “are
treated like a weak gender”.

METHODOLOGY

Mixed-methods design. Quantitative data from Central Statistical Bureau of Latvia
(2023-2025) provide descriptive statistics on doctoral graduates (women
majority), gender pay gap (15-17%), and employment patterns. Qualitative data
from seven semi-structured interviews with women holding doctoral degrees in

1 Corresponding author, e-mail: liva.grinevica@gmail.com
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social sciences were analysed thematically to identify precarity mechanisms and
well-being impacts. Purposive sampling covered diverse career stages,
employment statuses (academic, leavers, non-academic), and geographic
locations (Riga, Kurzeme, Vidzeme, Latgale).

RESULTS

The doctorate does not guarantee stability: “the degree itself had not given me
any significant contribution to employment stability” (Participant F). Precarity
generates chronic stress: “psychological health was under strain, consequently
physical health also began to deteriorate” (Participant B). Institutional support is
absent: “no mentoring opportunities, no career consultations” (Participant F).
Geographic disadvantage compounds precarity: regional universities offered
salaries not covering travel costs (Participant E). Talented researchers leave: “I|
chose a job where | receive adequate pay” (Participant D).

DISCUSSION / POLICY IMPLICATIONS

This hidden drain undermines innovation capacity through three mechanisms:
direct loss of doctoral investment, reduced research productivity from stressed
researchers, and damaged ecosystem resilience. Peri-Rotem (2019, p. 12) argues
institutions “should expand permanent positions over fixed-term contracts”.
Recommendations: stable career pathways, transparent salary structures (Grassi,
Savioli, 2025), psychological support (Deroncele-Acosta et al., 2025), mentoring,
geographic equity measures, and multi-year research funding. Policy must address
structural precarity, not demand individual resilience.

CONCLUSION

Latvia's innovation system suffers a hidden drain: women researchers exit
academia due to structural precarity despite high educational investment. The
well-being costs - stress, exhaustion, attrition - directly impair research capacity.
Without reform, gender disparities persist and innovation potential remains
unrealized. Recognizing researcher precarity as an innovation policy problem, not
merely a labour market issue, is essential for transition economy sustainability

KEYWORDS
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INTRODUCTION

This study examines the determinants of the share of tertiary-educated
employees in the science and technology (S&T) sector across Visegrad countries
NUTS-2 regions. It focuses on how regional socio-economic conditions and spatial
interdependencies shape the concentration of high-skilled labour, addressing
persistent regional disparities in knowledge-intensive employment.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The analysis builds on agglomeration theory and new economic geography
(Krugman, 2011), emphasising spatial dependence in regional labour markets
(Gomez-Tello et al., 2025). Prior studies show that human capital and skilled
employment may exhibit spillovers through knowledge diffusion and labour
mobility, but also competition effects where leading regions attract talent from
neighbours (Gomez-Tello et al.,, 2025). This motivates spatial econometric
modelling of interregional dependence.

METHODOLOGY

To account for spatial dependence of human capital in the S&T sector, Spatial
Autoregressive (SAR), Spatial Error (SEM), and Spatial Autoregressive Combined
(SAC) panel models (Belotti et al., 2017; LeSage & Pace, 2009) were estimated
using data for 35 regions observed over 8 years. Time fixed effects and cluster-
robust standard errors were applied. Spatial interactions were specified using the
rook contiguity weights matrix. Model selection was based on information criteria
(AIC/BIC) and the statistical significance of spatial parameters.

1 Corresponding author, e-mail: maradulovic@np.ac.rs
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RESULTS

Model comparison favoured the SAC specification (AlIC=416.98), although results
were substantively consistent across models. Population density exerted a
positive and significant effect on S&T sector development (=0.58-0.62, p<0.001).
The share of population with primary education and unemployment showed
significant negative effects. Agricultural specialization was not significant. The
spatial autoregressive coefficient was negative and significant (p=-0.088,
p=0.006).

DISCUSSION / POLICY IMPLICATIONS

Population density positively affects S&T sector development, confirming
agglomeration economies and urban concentration of high-skilled labour. Higher
primary education shares and unemployment reduce S&T activity, indicating
weaker human capital and labour market conditions. Negative spatial dependence
suggests competition rather than spillovers, with skilled labour concentrating in
leading regions. Policy should strengthen human capital and labour markets in
lagging regions.

CONCLUSION

Higher population density significantly increases S&T employment with tertiary
education, while higher primary education shares and unemployment reduce it.
Spatial dependence is negative, indicating competition rather than diffusion
across regions. Overall, results suggest that skilled S&T labour concentrates in
more developed, dense regions, reinforcing regional disparities rather than
converging across space.
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ACADEMIA-INDUSTRY COLLABORATION: EVIDENCE FROM
INDIA
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INTRODUCTION

In knowledge-based economies, innovative firms leverage academia-industry
relationships to obtain advantages from scientific and technical interactions
(Scandura, 2016). Nonetheless, evidence is paradoxically inconclusive concerning
the influence of academic quality. This study examines what determine the
likelihood and intensity of academia-industry collaboration, measured through co-
patenting activity, and makes two major contributions. First, we demonstrate that
academic partner quality, measured by citation-weighted publications, impacts
collaboration intensity non-linearly in a U-shaped manner. Second, we examine
the non-linear relationships between geographic proximity and academia-industry
collaboration in India.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The quality of the academic partner has received increased attention recently. It
has two conflicting implications for a potential industrial partner (Scandura &
lammarino, 2022). On one hand, the scarcity of resources for researchers at low
quality universities would incentivise academia to engage with industry for
acquiring research funding. On the other hand, a stronger research environment
could generate a stronger incentive for top researchers in high-quality institutes
to conduct fundamental research rather than with industry. Existing studies
predominantly examine the effect of academic quality assuming a linear
relationship. Whether this relationship is inherently non-linear remains largely
unexplored. The geographic distance between collaborating partners also
determines research collaborations, although previous findings are inconclusive,
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reporting positive, negative and insignificant effects (Boschma, 2005; Capello et
al., 2018). Lastly, IPR policy also influences firms’ decision and intensity to
collaborate with academic institutions (Cassiman & Veugelers, 2002).

METHODOLOGY

The paper draws information on co-patenting activities of 110 R&D-intensive
firms that collaborate with Indian academic partners during 2000-2022. Academic
partner quality is based on Scopus bibliometric data and measured by citation-
weighted publications of academic partners. Geographic proximity is calculated
using Haversine formula. IPR is constructed as a dummy for the National IPR
Policy of 2016. Firm level controls are also included. For the methodology, a two-
step Heckman model comprising a Probit selection model and a negative binomial
outcome model is estimated to address sample selection bias. The non-linear
relationships are further validated using the Lind & Mehlum (2010) test.

RESULTS

Results from the first step Heckman indicate that the likelihood of academia-
industry collaboration is significantly influenced by several firm-level
characteristics, such as firm size, firm location in a science/technology park and
IPR policy. R&D intensity, employee compensation, firm age, and ownership have
no significant effect. The second step Heckman shows that academic partner
quality exhibits a statistically significant non-linear relationship with co-patenting
activity. The linear effect is negative and significant, while the squared term is
positive and significant, suggesting a U-shaped function. With respect to
geographic proximity, we observe a significant curvilinear relationship between
geographic distance and collaboration intensity, indicating an inverted-U
relationship. We do not find any impact of IPR on collaboration intensity.

DISCUSSION / POLICY IMPLICATIONS

This study demonstrates that academic partner quality affects co-patenting
intensity non-linearly. As academic quality increases from low to moderate levels,
firms reduce research collaborations with academic institutions. However, as
academic quality increases beyond a certain threshold, collaborations become
more intensive. Geographic proximity also demonstrates a non-linear relationship,
suggesting that a moderate distance between the firm and academic institution is
beneficial while excessive distance or excessive closeness is detrimental. While
firms should prioritise research-intensive academic partners for innovation,
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policymakers should support emerging universities in the mid-quality spectrum in
building the capabilities needed to attract industry collaborations.

CONCLUSION

This study determines the factors affecting academia-industry collaboration in
India. Findings reveal a U-shaped relationship between academic partner quality
and collaboration intensity, an inverted U-shaped relationship for geographic
proximity, and a positive effect of IPR policy on the likelihood, but not the
intensity, of collaboration.
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RETHINKING HIGHER EDUCATION FOR CIRCULAR AND
CREATIVE SOCIETIES: FOSTERING POLICY, ENTREPRENEURSHIP
AND SUSTAINABILITY IN THE WESTERN BALKANS
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INTRODUCTION

The transition from linear to circular models of the economy has become a policy
priority for the Western Balkans (WB), aligning with the Green Agenda and
European Union (EU) integration. This study aims to explore how Higher
Education Institutions (HEIs), crucial stakeholders in the circular economy
transition, can support the transition towards a circular and creative society,
especially through fostering entrepreneurship and sustainability, concepts that
are neglected.

LITERATURE REVIEW / THEORETICAL BACKGROUND

A growing body of literature focuses on the role of universities in the sustainable
and green transition, especially through their third-mission activities, which are
intertwined with their role in Quadruple Helix models, highlighting the crucial role
of the circular economy (Giannoccaro et al.,, 2021; Mitrovi¢ & Pesalj, 2023;
Vergani, 2024). The majority of the studies place little focus on creativity and
entrepreneurship and their impact on the development of circular and creative
societies (Davis & Charter, 2025; Del Vecchio et al., 2021; Tiippana-Usvasalo et al.,
2023).

METHODOLOGY

The study employs qualitative methods compatible with its exploratory nature. It
is based on a comparative policy analysis of the 6 WB countries: Albania, Bosnia
and Herzegovina, Kosovo®, Montenegro, North Macedonia, and Serbia. Document
analysis was used to analyze higher education strategies, smart specialization
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strategies, entrepreneurship strategies, innovation strategies, and circular
economy roadmaps.

RESULTS

Higher education strategies in the WB countries highlight the importance of
sustainability, innovation, and entrepreneurship, but the circular and creative
aspects are not fully integrated into other strategic documents. For example, in
Albania, the importance of the third mission and sustainable competences is
embedded in the strategy for higher education. Still, with no concrete reference
to circularity and creativity, it remains underexplored. The majority of strategic
documents lack coherence, limiting HEIs' capacity to transition to a circular and
creative society, despite their potential for entrepreneurship education and
societal impact.

DISCUSSION / POLICY IMPLICATIONS

There is a need to rethink the role of HEls in the circular transition, particularly by
addressing societal and creative dimensions. Creativity and circularity should be
integrated not only into entrepreneurship education but also into joint projects
with diverse stakeholders within the Quadruple Helix Model that focus on these
aspects. What is really lacking in WB countries is policy coherence and effective
partnerships among HEls, industry, government, and civil society.

CONCLUSION

This study highlights the role of HEIs in the transition towards circular and creative
societies in the WB. The circular aspects need to be integrated not only into
teaching and research but also into universities' third mission, where creativity
and entrepreneurship can find their appropriate space.
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INTRODUCTION

Artificial intelligence has become a cornerstone of economic transformation, yet
its governance poses acute challenges for policymakers who must balance
innovation promotion with risk mitigation. In China, where the state has
simultaneously pursued technological sovereignty and a vibrant entrepreneurial
ecosystem, regulatory design is especially consequential. Recent scholarship
reveals a deliberate, iterative approach that combines stringent algorithmic
oversight with targeted support for startups, making China a unique laboratory for
studying the regulation-entrepreneurship nexus (Wang & Wang, 2025; Zhu et al.,
2025). This paper interrogates how China's evolving Al regulatory architecture
influences entrepreneurial activity and how international cooperation amplifies
domestic innovation capacity, thereby contributing to the global discourse on
adaptive Al governance. Specifically, we address the central research question:
How does China's adaptive regulatory framework for Al shape entrepreneurial
outcomes, and what role does international collaboration play in enhancing
innovation capacity?

LITERATURE REVIEW / THEORETICAL BACKGROUND

The study is grounded in the Porter Hypothesis, which posits that well-designed
regulation can stimulate innovation and enhance competitiveness (Porter & van
der Linde, 1995), and in institutional theory, which emphasizes how formal rules
and informal norms structure entrepreneurial behaviour (North, 1990).
Regulatory sandboxes—controlled environments that allow firms to test novel
technologies under relaxed rules—are conceptualized as institutional catalysts

1 Corresponding author, e-mail: sygenc@yildiz.edu.tr
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that lower compliance costs while enabling regulators to learn by doing (Cantero
Gamito, 2023). These lenses jointly explain why China's hybrid model of
centralized, state-first regulation combined with local experimentation, open-
source promotion and government venture capital can foster corporate and youth
entrepreneurship while still addressing content safety, data security and
algorithmic fairness concerns (Gofman & Jin, 2024; Jia, 2023; Zysman & Kenney,
2023). Recent scholarship has further highlighted China's adaptive political
entrepreneurship in global Al governance, emphasizing the policy entrepreneur
network perspective (Zhang & Cai, 2026).

METHODOLOGY

The research employs a multi-method design. First, a systematic review of
Chinese Al regulations enacted between 2017 and 2025 was conducted, covering
the Cybersecurity Law (2017), the Algorithmic Recommendation Provisions
(2022), the Interim Measures for Generative Al (2023) and the Global Al
Governance Action Plan (2024). Second, econometric analyses were performed on
panel data from 285 Chinese cities and firm-level surveys (2018-2024), using
difference-in-differences and hierarchical regression techniques to isolate the
causal effects of Al policies on entrepreneurship (Chen & Cheng, 2025; Fang et al.,
2024). The empirical analysis integrates four analytical dimensions: (1) place-
based Al pilot policies and youth entrepreneurship; (2) financial regulation and Al
entrepreneurial activity; (3) Al governance and corporate entrepreneurship; and
(4) international cooperation mechanisms. Third, comparative case studies of
China, the European Union and the United States were used to contextualize
China's approach within the broader international regulatory landscape and to
trace collaboration channels such as the World Artificial Intelligence Cooperation
Organization (WAICO) (Wang et al., 2026).

RESULTS

The analysis yields four main findings. First, place-based Al pilot policies
significantly raise the probability of youth entrepreneurship, largely by
substituting digital rules for informal guanxi and relaxing credit constraints (Wang,
2026). Second, enhanced financial regulation, contrary to conventional wisdom,
can stimulate Al entrepreneurship through FinTech innovation, though it
generates negative spill-over effects on neighbouring cities (Chen & Cheng, 2025).
Third, Al governance and utilization positively affect corporate entrepreneurship,
with topmanagement beliefs strengthening the effect while passive participation
weakens it (Fang et al., 2024). Fourth, China's international initiatives—such as
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the Al+ International Cooperation Initiative and the proposed WAICO—create
cross-border open-source ecosystems that accelerate knowledge diffusion and
offer scalable lessons for inclusive innovation policy (Li et al., 2024; Zhang & Cai,
2026). Together, these findings demonstrate that China's adaptive governance
approach enables a synergistic relationship between regulatory oversight and
entrepreneurial dynamism.

DISCUSSION / POLICY IMPLICATIONS

Policymakers should adopt proportionate, transparent and differentiated
regulation that avoids the "zero-risk" trap, which can stifle experimentation (Zhu
et al.,, 2025). Institutionalizing regulatory sandboxes and special governance
mechanisms for small and medium-sized enterprises can level the playing field
(Cantero Gamito, 2023). Aligning domestic rules with emerging global standards
through bodies like WAICO reduces trade frictions and fosters mutual recognition
of certifications (Wang et al.,, 2026). Finally, investment in digital public
infrastructure, open-source platforms and Al ethics education can build public
trust and ensure that the entrepreneurial benefits of Al are broadly shared (Zhou
et al., 2024; Zhang, 2024).

CONCLUSION

China's experience demonstrates that Al regulation need not be a tradelloff
between control and creativity. A deliberately designed, adaptive governance
framework can channel entrepreneurial energy toward socially desirable ends
while mitigating genuine harms (Pi, 2023; Wang et al., 2026). International
collaboration amplifies these effects by expanding market access, harmonizing
standards and promoting responsible innovation norms (Zhang & Cai, 2026). As
governments worldwide grapple with similar dilemmas, China's evolving model—
despite its imperfections—offers a valuable reference point for constructing Al
governance regimes that are both protective and permissive (Zysman & Kenney,
2023; Allen, 2025).
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COORDINATION WITHOUT INCLUSION? TRANSREGIONAL
GOVERNANCE OF EMERGING TECHNOLOGIES AND THE LIMITS
OF THE GLOBAL PARTNERSHIP ON ARTIFICIAL INTELLIGENCE

Ivana Dunjic?!
Institute of International Politics and Economics, Belgrade, Serbia

INTRODUCTION

Artificial intelligence (Al) is an emerging technology whose diffusion outpaces its
governance, producing a fragmented landscape, while digital divide concentrates
capabilities and standard-setting in advanced economies. The rapid evolution of
Al has exposed the limitations of isolated regulatory approaches, posing two
challenges for international policy coordination (see Bradford 2023): governing an
emerging technology in a coherent and inclusive manner. The paper investigates
whether transregional cooperation can make the global governance of Al more
coordinated and more inclusive, through the Global Partnership on Artificial
Intelligence (GPAI) as a case study.

LITERATURE REVIEW / THEORETICAL BACKGROUND

This literature review covers three academic fields. First, global governance
regime complexity and fragmentation (Raustiala & Victor 2004; Alter & Meunier
2009; Biermann et al. 2009; Orsini, Morin & Young 2013), including Al governance
(Cihon, Maas & Kemp 2020; Tallberg et al. 2023). Second, regional studies, which
have recently started to engage with Al governance (Keith 2024; Acharya et al.
2026). Third, transregionalism (Hettne 2005), which the analysis of GPAI requires.
It foregrounds the “actors and structures mediating between regions” (lbid.)
which “are voluntary and cooperative but can become more or less
institutionalized and formalized” (lbid.).

METHODOLOGY

The paper adopts a qualitative single-case study design (Gerring 2007; Yin 2018).
GPAI is selected as a critical case: the most institutionalised transregional body
dedicated to Al governance and, particularly following its integrated partnership
with the OECD in 2024, an explicit test of whether deeper institutionalisation

1 Corresponding author, e-mail: ivana.dunjic@diplomacy.bg.ac.rs
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widens or narrows participation. The method is qualitative document analysis
(Bowen 2009) of GPAI and OECD documents. Findings are triangulated through
comparison with secondary academic literature.

RESULTS

GPAl exemplifies institutionalised transregional governance of an emerging
technology. Its July 2024 integrated partnership with the OECD joined 44
members across six continents on an equal footing (OECD 2024), up from 15 in
2020. The analysis reveals a coordination—inclusion trade-off: unified governance
bodies improved coordination and cut duplication, yet agenda-setting stayed
concentrated among established members. Participation widened faster than
influence redistributed.

DISCUSSION / POLICY IMPLICATIONS

A core dilemma: institutionalisation that improves coordination can strengthen
advanced-economy influence, deepening the gap for the least represented. Three
implications: redistribute agenda-setting authority and expert capacity, not just
seats; align GPAIl with relevant global initiatives to reduce overlap and
fragmentation; and improve the position of developing economies. In practice,
this would require rotating agenda-setting roles (e.g. co-chairs), quota-based
expert nomination, and periodic review of Steering Committee composition. The
same trade-off applies to other institutionalising Al efforts, suggesting it is
generalisable beyond GPAI. The example of Serbia, 2024 Belgrade Ministerial host
and Steering Committee member, shows smaller states' agency and the limits of
participation without agenda-setting power.

CONCLUSION

Transregionalism offers a useful lens on the global governance of emerging
technologies. GPAIl shows that voluntary, institutionalised cooperation can
mediate between regions and reduce fragmentation, yet institutionalisation does
not ensure inclusion, as participation expands faster than influence is
redistributed. Whether GPAI advances inclusive Al governance depends on a
rebalancing influence between the Global North and Global South, a key test for
coordinating innovation policy under geopolitical uncertainty.
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NATIONAL CULTURAL DIMENSIONS AND GOVERNMENT Al
READINESS: A PILLAR-LEVEL ANALYSIS OF EUROPEAN
COUNTRIES

Renata Nesiba?
Faculty of Economics and Administration, Masaryk University, Brno, Czech Republic

INTRODUCTION

Artificial intelligence (Al) is becoming a strategic priority for governments
worldwide. While previous studies have mainly examined technological,
institutional and economic determinants of Al readiness, considerably less
attention has been paid to national culture. This study investigates whether
Hofstede’s cultural dimensions are associated with different pillars of Government
Al Readiness across European countries.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Research on national culture suggests that cultural values influence innovation,
digital transformation and public sector modernization (Schneider et al., 2014;
Taras et al., 2010). Hofstede's cultural dimensions remain one of the most widely
applied frameworks for cross-country comparisons (Hofstede, 2001), although
alternative approaches such as the GLOBE study have also contributed to the
understanding of cultural differences (House et al., 2004; Dorfman et al., 2012).
However, empirical evidence linking cultural dimensions with government Al
readiness is still limited. This study extends existing literature by examining
relationships between culture and individual Al readiness pillars rather than only
the overall index.

METHODOLOGY

The study applies a comparative cross-country design based on secondary data.
Government Al Readiness Index 2025 data from Oxford Insights (2025) were
merged with Hofstede’s cultural dimensions for 28 European countries (Hofstede
Insights, 2024). Pearson correlation analysis and standardized multiple regression
with HC3 robust standard errors were performed to examine relationships
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between Power Distance, Individualism, Uncertainty Avoidance, Long-Term
Orientation and seven Al readiness outcomes.

RESULTS

The findings indicate that national cultural dimensions are associated with
Government Al Readiness unevenly across its pillars. The strongest relationships
were observed for the Governance and Development & Diffusion pillars, where
lower Power Distance and higher Individualism were consistently linked to higher
performance. Ten of twenty-eight bivariate correlations were statistically
significant, while robust regression analyses confirmed significant effects of Power
Distance for these two pillars. These findings suggest that cultural influences are
concentrated in institutional and innovation-related aspects of Al readiness rather
than across all dimensions equally.

DISCUSSION / POLICY IMPLICATIONS

The findings suggest that national culture is associated primarily with institutional
aspects of Al readiness rather than with all dimensions equally. Governments
seeking to strengthen Al readiness should complement technological investments
with institutional reforms that promote transparent governance and innovation-
supportive public administration. The results further imply that Al governance
strategies should be adapted to different institutional contexts, as cultural
characteristics may shape the effectiveness of governance reforms and innovation
policies. Culture should be considered a contextual factor in Al policy design.

CONCLUSION

This study contributes to the emerging literature on Al governance by
demonstrating that national cultural dimensions are differentially associated with
Government Al Readiness. The strongest relationships concern Governance and
Development & Diffusion, whereas other pillars appear less culturally sensitive.
Future research should examine whether national innovation capacity mediates
these relationships using broader cross-country datasets.
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ANTICIPATING REGULATORY PUBLICS: AN LLM FRAMEWORK
FOR CROSS-DOCKET ANALYSIS OF PUBLIC COMMENTS
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INTRODUCTION

When agencies change the scope of a proposed rule, the participating public may
also change. Previously active groups may disappear, while new citizens or
organizations may enter the process for the first time. This paper asks whether
LLM-based analysis of prior public comments can help anticipate which publics
will remain, disappear, or newly emerge when regulatory scope changes.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The study draws on policy feedback theory, which explains how policies shape
future participation, connective action theory, which explains mobilization
without formal organization, and computational rulemaking research. It extends
this literature by moving from single-docket NLP analysis toward comparison
across successive regulatory dockets.

METHODOLOGY

The case study covers two U.S. Environmental Protection Agency vehicle-
emissions public comment dockets. Stage 1 uses 1,784 comments from Docket A
to construct a persona space, meaning a structured map of recurring participant
types and argument frames, through BERTopic topic modeling and LLM-based
persona synthesis. Stage 2 classifies 3,153 Docket B comments by semantic
similarity as strong matches, weak matches, new discourse, or non-substantive
submissions.

1 Corresponding author, e-mail: petar.mitic@ien.bg.ac.rs
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RESULTS

Validation supports the reference corpus as a usable baseline, with 100% topic
coverage, zero spurious topics, and Spearman rho = 0.36. Transfer analysis shows
that 83.9% of Docket B participation matches the anticipated persona space. The
remaining 16.1% reveals unanticipated participation patterns: absent
environmental justice personas, with a substantial participation gap (Cohen’s d =
0.771), and 215 new anti-mandate comments.

DISCUSSION / POLICY IMPLICATIONS

The findings show two participation failure modes. Absent personas suggest
policy feedback deactivation, where frames tied to a previous regulatory target
lose relevance. New anti-mandate comments suggest connective action
activation, where a scope shift makes vehicle choice personally salient to citizens
with no prior regulatory record.

CONCLUSION

The paper introduces a cross-docket framework for analyzing regulatory
participation with LLM-based persona synthesis and validation. By comparing
prior and later public comment spaces, agencies can identify likely continuities,
gaps, and newly emerging publics earlier in the rulemaking process, supporting
more inclusive and anticipatory governance. The approach can be applied to other
regulatory contexts where scope shifts between successive rulemakings.
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THE DECISION TO IMPOSE MANDATORY VERTICAL
INTEROPERABILITY: A DOUBLE-EDGED SWORD FOR
INNOVATION INCENTIVES IN THE DIGITAL MARKETS

Igor Muidza?
University of Belgrade Faculty of Law, Institute of Comparative Law, Belgrade, Serbia

INTRODUCTION

In the recent year the EU Commission and CJEU rendered more decisions
regarding mandatory interoperability in light of the recent Digital Markets Act
(DMA), but also as a part of the process of competition law enforcement. What
can be seen, especially in contrast to the Microsoft (2007) judgment, is that the
reasoning and approach to granting mandatory interoperability is changing
(Manne et al., 2024; Colangelo & Ribera Martinez, 2025; Economides et al., 2025).
It is the goal of this paper to try to discover the optimal approach with such
decisions which harms innovation incentives the least (Baker, 2007).

LITERATURE REVIEW / THEORETICAL BACKGROUND

Providing mandatory interoperability for the innovator’s infrastructure to others
without its consent can cause detriment to innovative incentives of it to innovate
in the future (Hey, 2024; Bourreau et al.,, 2022). However, the lack of
interoperability creates a barrier for others to participate on the downstream
market (Farell & Katz, 1998) or it significantly impairs their capability to compete
with the owner of the infrastructure (Scott Morton et al.,, 2023; Kerber &
Schweitzer, 2017). Therefore, the modern approach should balance contestability
and effects on innovation such a measure can create (Hey, 2024; Bourreau et al.,
2022).

METHODOLOGY

Author portrays the legal aspects of mandatory interoperability and its economic
effects on innovation incentives for its providers and receivers. Additionally, he
reflects on what level of asymmetry raises contestability and fosters the overall
innovation incentives. Finally, he analyses the regulatory and ad hoc instances of

1 Corresponding author, e-mail: igor.muidza@gmail.com
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imposed mandatory interoperability in the EU and axiologically evaluates them
whether they are optimal remedies which have the most positive effect on the
digital markets.

RESULTS

Mandating interoperability has ambivalent effects on the infrastructure’s owner
to incentives to innovate (Farrell & Katz, 1998; Bourreau et al., 2022). On the one
hand, it does create a freeriding problem on the upstream market which can
lower incentive to innovate (Manne et al., 2024; Khandelwal, 2024), but it
maintains effective competition on the downstream market making it contestable
(OECD, 2021) with higher innovation incentives for the owner of the infrastructure
and undertakings which can effectively compete on the downstream market due
to the provided interoperability (Shapiro, 2011; Hey, 2024; Crémer et al., 2023).

DISCUSSION / POLICY IMPLICATIONS

While a level playing field on the downstream market ought to be created, the
owner of the digital infrastructure cannot bear the entire burden of it (Manne et
al.,, 2024). Instead, the costs of maintaining that infrastructure and making it
accessible should be divided between the provider and receivers of
interoperability in order to combat the negative incentives to innovate on the
upstream market. This may even be followed by FRAND licensing (Larouche & de
Streel, 2021), but either way a DMA free of charge type of approach should be
avoided (Bourreau et al., 2022).

CONCLUSION

Asymmetric regulation can provide opportunities for new and future entrants,
without seriously harming those bearing the bigger burden of it. This way,
unnecessary barriers are removed, markets are more contestable while, with
adequate case-by-case evaluation, innovation is fostered. Accordingly,
competition authorities and those applying the DMA and similar regulatory
instruments, should adopt a more innovation-oriented approach which still
accounts for the interests of those most affected.
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INTRODUCTION

Environmental, Social, and Governance (ESG) factors are reshaping international
trade. ESG has moved beyond voluntary corporate responsibility to become a
determinant of competitiveness, resilience, legitimacy, and market access
(Deirmentzoglou et al., 2026). Firms involved in trade are now expected to
demonstrate environmental accountability, social responsibility, transparent
governance, and compliance with sustainability rules. These requirements are
increasingly embedded in global value chains and trade regulation. The EU
Corporate Sustainability Reporting Directive and Corporate Sustainability Due
Diligence Directive illustrate how such frameworks affect exporters within and
beyond the EU (European Union, 2022; 2024). This study examines ESG as a
governance mechanism in international trade, focusing on its influence on supply-
chain governance, export competitiveness, geopolitical and energy-related
challenges, and its role in shaping sustainable international trade.

LITERATURE REVIEW / THEORETICAL BACKGROUND

ESG refers to the environmental, social and governance dimensions of
organizational performance, covering issues such as emissions, labor practices,
transparency and business ethics (Gillan et al., 2021; Li et al., 2021). International
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trade involves the cross-border exchange of goods and services and is increasingly
organized through global value chains. In this context, ESG is becoming important
because sustainability rules and due diligence requirements now affect market
access, supply chain governance and export competitiveness (Deirmentzoglou et
al., 2026). Therefore, ESG can be understood both as a compliance challenge and
as a strategic capability that supports competitiveness and resilience in
international trade (Ma et al., 2024; Wu et al., 2022; Yue & Li, 2024).

METHODOLOGY

This study adopts a literature-based review approach, drawing on recent
academic studies that examine the relationship between ESG and international
trade. The analysis is based on secondary research and focuses on identifying,
comparing and synthesizing key arguments from studies addressing ESG practices,
trade-related outcomes, global value chains and sustainability-related regulatory
developments. Relevant studies were examined through qualitative content
analysis, with attention given to their main focus, methodological orientation, key
findings and contribution to the ESG—trade debate. The reviewed literature was
then organized thematically in order to clarify how ESG is discussed in relation to
international trade, competitiveness, resilience and governance. This approach
allows the study to provide a concise conceptual synthesis of the ESG—trade nexus
and to highlight the main directions of current academic discussion.

RESULTS

The findings show that ESG influences international trade through three main
pathways. First, ESG affects supply chain governance by supporting due diligence,
responsible sourcing, supplier monitoring, and traceability. Risk-based ESG
assessment can help firms identify vulnerabilities and hotspots in multi-tier supply
chains (Gervais et al., 2023), while ESG-oriented firms may be more resilient
during disruptions (Tsang et al., 2024). Second, ESG affects export
competitiveness. Empirical studies suggest that ESG performance can enhance
export intensity, export resilience, and the domestic value-added of exports (Ma
et al., 2024; Wu et al., 2022; Yue & Li, 2024). Third, ESG affects trade through
geopolitical and strategic mechanisms. Energy transitions, sanctions, trade
conflicts, and critical mineral dependencies influence ESG strategies and trade
patterns (Isetani et al., 2022; Sinclair & Coe, 2024; Xu et al., 2024).
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DISCUSSION / POLICY IMPLICATIONS

The results suggest that ESG should be understood as a multi-level governance
mechanism linking sustainability, competitiveness, and resilience in international
trade. For policymakers, ESG-related regulations can promote responsible
business conduct and sustainable production. However, they may also create
compliance burdens, particularly for SMEs and firms in countries with weaker
institutional support. Policy coordination is therefore necessary. Greater
alignment between sustainability reporting, due diligence requirements, and
trade policy can reduce uncertainty and prevent ESG from becoming a hidden
non-tariff barrier. For managers, ESG should be integrated into export strategy,
supply chain governance, innovation, and risk management. ESG capabilities can
strengthen credibility, improve market access, and enhance resilience against
disruptions and geopolitical uncertainty (Ma et al., 2024; Tsang et al., 2024; Wu et
al., 2022).

CONCLUSION

ESG is becoming a central feature of international trade governance. It affects
supply chains, export competitiveness, market access, resilience, and geopolitical
strategy. The ESG—trade nexus is therefore multidimensional and should be
examined through institutional, technological, operational, and strategic
perspectives. This study argues that ESG functions as a governance mechanism
shaping the future of international trade. Future research should empirically
examine how ESG influences trade outcomes across sectors, countries, and firm
sizes, with particular attention to SMEs, developing economies, and industries
exposed to high regulatory or geopolitical pressure.
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INTRODUCTION

The weaponization of international finance—using sanctions to isolate adversarial
states—has created a vacuum in which Islamic finance, international sanctions
regimes, and artificial intelligence (Al) converge. This article investigates how Al
mediates the relationship between Sharia-compliant trade mechanisms and
sanctions compliance, with a particular focus on China's economic engagements
in Iran, Russia, and Africa.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Scholarship on Islamic finance emphasizes asset-backed stability and ethical
investment. Sanctions literature reveals adaptive evasion strategies and
multipolar finance (Ahmed 2010; Aliyu et. Al., 2025; Alshater et. al., 2022; Caskey,
2024). Al research is divided: RegTech scholars highlight enhanced enforcement,
while others warn of Al-enabled obfuscation. The gap—how Al mediates Islamic
finance in sanctioned trade—remains underexplored, particularly within China's
geopolitical context.

METHODOLOGY

A qualitative multi-case design examines three purposefully selected cases: China-
Iran energy trade, China-Russia commodity settlements post-2022, and China-
Africa BRI infrastructure financing. Data are triangulated from FATF, OFAC, IMF
trade statistics, maritime intelligence, industry reports, and peer-reviewed
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literature. Doctrinal legal analysis is combined with socio-technical systems theory
(Egorov et. al., 2025; Franchini, 2025; Habib, 2025).

RESULTS

Mainstream Islamic jurisprudence (al-ahkam al-sultaniyya) aligns with sanctions
compliance. Al raises detection accuracy for complex instruments (Sukuk: ~91%)
while reducing false positives from >30% to <10% by 2026. Compliance costs fall
from 2.8% to 1.2% of transaction value. Asset-backing generates verifiable data
points—AIS, satellite imagery, loT—that Al exploits for physical-financial
verification.

DISCUSSION / POLICY IMPLICATIONS

Al functions as a risk equalizer: documentary complexity, once a potential opacity
source, becomes a transparency asset under algorithmic scrutiny. Jurisdictional
fragmentation persists as a vulnerability, addressable through AAOIFI/IFSB-
facilitated data sharing. Generative Al poses emerging threats via synthetic
documentation. Regulators' data advantage sustains a compliance edge in the Al
arms race, but international cooperation is essential.

CONCLUSION

Al is not an evasion enabler but a compliance equalizer for Islamic trade finance.
Asset-backing requirements, coupled with Al verification of physical supply chains,
position Sharia-compliant finance as inherently transparent in monitored
environments. The outcome of sanctioned trade will be determined by
technological infrastructure rather than instrument labels—pointing toward a
sovereign digital fiscalism grounded in verified transparency.

KEYWORDS

Islamic finance, international sanctions, artificial intelligence, trade finance, China

REFERENCES

1. Ahmed, A. (2010). Global financial crisis: An Islamic finance perspective. International
Journal of Islamic and Middle Eastern Finance and Management, 3(4), 306—320.

2. Aliyu, S. U. R., & Naiya, I. I. (2025). The role of Islamic trade finance in international
trade. In Trade and Investment in Africa: A Research Companion.

3. Alshater, M. M., Saba, I., Supriani, I., & Rabbani, M. R. (2022). Fintech in Islamic
finance literature: A review. Heliyon, 8(9), e10385.

77



Caskey, G. W. (2024). The political economy of China's Belt and Road Initiative.
Journal of Institutional Economics, 20, e31.

Charnovitz, S. (2001). Rethinking WTO trade sanctions. American Journal of
International Law, 95(4), 792—-832.

Egorov, K., Korovkin, V., Makarin, A., & Nigmatulina, D. (2025). Trade sanctions
against Russia: Stylized facts. AEA Papers and Proceedings, 115, 578-582.

Franchini, D. (2025). When finance becomes a weapon: The challenge of central bank
sanctions under international law. Journal of International Trade Law and Policy,
24(1), 28-56.

Habib Lantyer, V. (2025). How US trade sanctions fueled Chinese innovation in Al: The
DeepSeek case. SSRN Working Paper.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5112973

78


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5112973

INNOVATION CAPACITY AND REGIONAL ECONOMIC
RESILIENCE: EVIDENCE FROM UKRAINE

Vitalii Gryga?
Institute for Economics and Forecasting of the National Academy of Sciences of Ukraine
Kyiv, Ukraine

Yuliia Ryzhkova
Institute for Economics and Forecasting of the National Academy of Sciences of Ukraine
Kyiv, Ukraine

INTRODUCTION

Regional economic resilience to external shocks is a multidimensional
phenomenon encompassing resistance, recovery, reorientation and renewal.
While empirical evidence increasingly links innovation and resilience, little is
known about whether pre-shock innovation capacity can mitigate the effects of
extreme disruptions, such as war. This paper examines the role of innovation
capacity in shaping regional resistance, drawing on evidence from Ukrainian
regions after the 2022 full-scale invasion.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The framework integrates Martin's (2012) four-dimensional model (resistance,
recovery, re-orientation, renewal) with Boschma's (2015) related-variety
approach and Sutton & Arku's (2022) distinction between resilience performance
and resilience capacity. Following Simmie & Martin (2010) and Schumpeterian
creative-destruction theory, innovation capacity is treated as an internal co-
determinant of adaptive resilience, not merely a growth outcome.

METHODOLOGY

The resistance dimension is estimated via cross-sectional OLS with
heteroskedasticity-consistent robust errors across Ukrainian regions, treating the
2022 invasion as an external shock. The estimated equation, Shock = Bo + B1-HHI +
B, INNOV_D + B3:FRONT + €, captures sectoral concentration, binarised pre-war
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innovation, and frontier exposure. The central hypothesis posits threshold non-
linearity: innovation buffers shocks only beyond a critical activity level.

RESULTS

Preliminary evidence from Ukraine reveals substantial heterogeneity in wartime
resilience. Frontier-proximity explains approximately 25 p.p. of additional shock
depth. Higher sectoral concentration amplifies vulnerability. Innovation leaders
experienced shocks 8.8 p.p. shallower than followers, consistent with the shock-
absorption channel (Bristow & Healy, 2018). The effect is threshold rather than
linear, emerging only in regions with above-average pre-war innovation activity.

DISCUSSION / POLICY IMPLICATIONS

Findings suggest innovation support should be treated as an instrument of
economic resilience, not only competitiveness. For Ukraine this implies following:
targeted support for innovative firms as resilience anchors; development of
regional innovation ecosystems with institutional capacity; integration of
resilience indicators into Smart Specialisation Strategy design; and adoption of
innovation resilience metrics in post-war recovery and EU accession frameworks.

CONCLUSION

The paper proposes and empirically tests a framework for measuring regional
resilience in wartime and post-war economies, integrating innovation capacity
and economic resilience performance dimensions. Preliminary evidence confirms
that pre-war innovation capacity acts as a structural buffer under extreme shocks,
with the effect materialising above a threshold level. The findings carry direct
implications for evidence-based regional recovery policy and post-war
reconstruction planning.
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INTRODUCTION

Crises test an organization's governance, resilience, and capacity to keep
innovating. This study examines human behavior, crisis-team composition and
dynamics, and the objectivity of traditional and social media, and how they shape
crisis outcomes, as organizational foundations of crisis resilience. Contributing to
innovation policy and governance, it treats crisis-management capability as part
of the organizational resilience that sustains innovation and tests these factors
empirically.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Crisis-management scholarship identifies human behavior, team dynamics, and
media as central factors (Boin et al., 2016; Wolbers et al., 2018). Lower
organizational commitment and trust raise turnover intentions, whereas affective
commitment reduces them (Meyer et al.,, 2002). Team effectiveness rests on
leadership and coordination, and media influence on credibility and public trust
(Quandt, 2012; Clementson, 2020). Recent regional evidence confirms these
dynamics (Postolov & Postolov, 2025).
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METHODOLOGY

A cross-sectional survey was conducted among individuals employed in business
organizations in North Macedonia. The study used a non-probability sampling
strategy combining criterion-based purposive sampling with convenience-based
recruitment. Specifically, individual respondents constituted the sampling units:
eligibility required employment in a business organization in North Macedonia,
and participants were recruited based on their accessibility and willingness to
participate. The structured questionnaire collected demographic data and used 5-
point Likert-scale items to measure human behavior, crisis-team composition and
dynamics, and the perceived objectivity of traditional and social media. The final
sample comprised 77 respondents (38 women and 39 men), most of whom had
completed higher education. Fieldwork was conducted from February to April
2026, and the data were analyzed using SPSS.

RESULTS

The analysis showed substantial agreement that, during crises, organizations are
abandoned first by less loyal employees and that crisis-management teams often
experience coordination weaknesses. Respondents likewise agreed that biased
coverage in traditional media and on social networks noticeably influences how
crises develop and are managed.

DISCUSSION / POLICY IMPLICATIONS

The findings echo research linking organizational commitment, coordinated
teamwork, and credible communication (Coombs, 2019) to crisis resilience. For
innovation policy and governance, they imply that resilient, innovation-capable
organizations must build crisis preparedness at individual and team levels,
strengthening employee relations, improving coordination, and adopting
transparent communication plans that address the social-media environment
(Austin et al., 2012; Veil et al., 2011).

CONCLUSION

Human behavior, crisis-team dynamics, and media influence emerge as key crisis-
management factors: weaker commitment predicts employee exit, poor
coordination undermines teams, and biased media shape crisis trajectories,
underscoring the need for a stronger communication strategy. Given the small,
single-context sample (n = 77), the results are indicative rather than generalizable;
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future research should use larger, probability-based samples across sectors and
countries.
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INTRODUCTION

Measuring startup ecosystem development has become an important challenge
for both researchers and policymakers. The recent European Startup and Scaleup
Scoreboard (European Commission, 2026) reflects the growing demand for
systematic assessment of startup ecosystems, yet comparable frameworks remain
largely unavailable for emerging innovation ecosystems. Moreover, existing
approaches primarily measure ecosystem performance rather than ecosystem
maturity. This paper contributes by proposing a transferable composite Startup
Ecosystem Index that can be applied across national and sub-national innovation
ecosystems.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Startup ecosystems are commonly understood as interconnected systems of
entrepreneurs, investors, universities, public institutions and support
organisations that jointly shape entrepreneurial activity and innovation outcomes
(Brown & Mason, 2017; Stam, 2015; Spigel, 2017). Although the literature has
substantially advanced the understanding of ecosystem dynamics (Stam & Van de
Ven, 2021), approaches for measuring ecosystem maturity remain fragmented.
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Building on the literature on entrepreneurial ecosystems and composite
indicators (Nardo et al., 2008), this study conceptualises startup ecosystem
maturity as a multidimensional construct that can be operationalised through a
composite index.

METHODOLOGY

The study develops a composite Startup Ecosystem Index based on a mixed-
methods approach combining survey data from 154 startups from Serbia, more
than 30 semi-structured interviews with founders, investors and ecosystem
support organisations, and secondary national data. Building on the a unique
measurement framework, ecosystem maturity was operationalised through seven
theoretically grounded pillars and 46 indicators, which were normalised and
aggregated using an equal-weighting scheme to generate national and regional
ecosystem maturity scores.

RESULTS

The composite index reveals that the Serbian startup ecosystem remains in a
transitional stage of development, achieving an overall ecosystem maturity score
of 39.79 out of 100. While institutional support has expanded considerably, the
ecosystem has not yet reached the level of self-sustaining entrepreneurial
dynamics. The analysis also uncovers pronounced regional disparities, with
Belgrade substantially outperforming other regions, although none has yet
achieved ecosystem maturity. Among the seven dimensions, access to private risk
capital emerges as the most critical structural bottleneck, while the growing
diffusion of Al-based startups points to considerable innovation potential.

DISCUSSION / POLICY IMPLICATIONS

The findings suggest that startup ecosystems should be assessed as
multidimensional systems rather than through isolated performance indicators
such as startup numbers or investment volumes. By integrating structural
capacities, institutional conditions and market dynamics, the proposed framework
provides a more comprehensive basis for ecosystem assessment. For
policymakers, the index supports evidence-based prioritisation of policy
interventions, continuous monitoring of ecosystem evolution, and the design of
place-based measures tailored to regional development profiles.
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CONCLUSION

This study contributes to the emerging literature on startup ecosystem
assessment by proposing a transferable measurement framework for evaluating
ecosystem maturity. Demonstrated through the first national Startup Ecosystem
Index for Serbia, the framework is designed to support comparative analyses
across countries and sub-national regions. Future research should validate the
framework in different national contexts and further examine alternative
weighting schemes and statistical validation procedures to strengthen its
robustness and international applicability.
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INTRODUCTION

Microeconomics competitiveness reflects the ability of enterprises in Bosnia and
Herzegovina to compete successfully in international markets. It depends on
business strategy, production sophistication, and the quality of the business
environment. This research examines the relationship between these factors and
enterprise competitiveness, with particular emphasis on the role of innovative
enterprises and their contribution to improving the competitive position of our
companies.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Porter (1990) emphasizes the importance of competitive advantage based on
costs and differentiation of products and services, while Mankiw (2021)
emphasizes the role of productivity and efficient allocation of resources. The
OECD (2024) Outlook states that B&H's competitiveness is limited by weak
investment, numerous administrative barriers and insufficient innovation in the
economy. The World Bank (2024) emphasizes the need for structural reforms to
strengthen productivity and long-term economic growth. The Central Bank of
Bosnia and Herzegovina (2024) analyzes competitiveness indicators through
external and internal economic imbalances. The Agency for Statistics of Bosnia
and Herzegovina (2024) presents statistical indicators on industry, trade,
employment and productivity, while the reports of the Foreign Trade Chamber of
Bosnia and Herzegovina (2023) provide data on the low level of innovation and
weak export capacity of domestic companies.
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METHODOLOGY

The research analyzes 100 SMEs from four economic sectors in Bosnia and
Herzegovina using recent literature and questionnaire data. Factor and regression
analyses were applied to test the hypotheses and identify key determinants of
microeconomics competitiveness. The quality of the business environment,
production sophistication, and company strategy were measured using 21 Likert-
scale indicators. The regression model explains 13.6% of variance (R*=0.136) and
is statistically significant (p<0.05).

RESULTS

The research results indicate that the microeconomics competitiveness of
enterprises in Bosnia and Herzegovina depends primarily on productivity,
innovation, business environment and the application of modern technologies.
The paper proves that domestic enterprises have significant potential for growth,
but they face numerous limitations. Insufficient institutional support and weak
policy coordination additionally slow down the strengthening of the competitive
position of the economy.

DISCUSSION / POLICY IMPLICATIONS

The discussion of the results shows that innovation significantly affects the
microeconomics competitiveness of the economy in Bosnia and Herzegovina,
measured by business performance. The greatest contribution comes from
process innovations, while productivity and organizational innovations are also
statistically significant. Although the models confirm the hypotheses, the
relatively low coefficient of determination indicates that competitiveness also
depends on external factors such as the business environment and institutional
support for companies.

CONCLUSION

The results confirm the importance of process innovations, while productivity and
organizational innovations also significantly affect business performance. The low
coefficient of determination suggests that competitiveness depends on additional
factors, including institutional support, investment, administrative barriers, and
the economic environment. Strengthening competitiveness requires investment
in innovation, digitization, human capital, and productivity, supported by
business-environment reforms.
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WHEN INNOVATION ISN’T ENOUGH: THE TRUE DRIVERS OF
HIGH-TECH EXPORT PERFORMANCE IN WESTERN EUROPE

Michaela Schénova?
Bratislava University of Economics and Business, Bratislava, Slovakia

Olivia Marie Blanchard
Bratislava University of Economics and Business, Bratislava, Slovakia
Sloan School of Management, Massachusetts Institute of Technology, Cambridge, United
States

INTRODUCTION

Countries that build innovation-intensive industries achieve faster productivity
growth, stronger export specialization, and greater resilience. High-technology
exports capture technological capability and firms’ capacity to scale and compete
internationally. Hence, do patents and institutional quality explain high-tech
export in Western European, or are other factors more decisive? The study
contributes by using recent data to clarify their relevance in advanced innovation
systems.

LITERATURE REVIEW / THEORETICAL BACKGROUND

High-technology exports indicate a country’s innovation capacity and
competitiveness. This captures new knowledge, its successful commercialization
and internationalization. Authors have examined the determinants of high-tech
exports, showing that innovation capacity, human capital, and broader
macroeconomic conditions are key in shaping competitiveness (Drapkin, 2024;
Frietsch et al., 2014; Kabaklarli et al., 2017; Manzetti and Osang, 2024; Mehrara,
2017; Sandu & Ciocanel, 2014; Tebaldi, 2011).

METHODOLOGY

The empirical analysis is based on a panel dataset covering 13 Western EU
countries: Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy,
Luxembourg, the Netherlands, Portugal, Spain, and Sweden, observed over the
period 2007-2023. To examine the relationship between economic, innovation,
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institutional factors and a country’s high-technology export performance, the
analysis employs a fixed-effects panel regression.

RESULTS

Across all specifications, coefficients remain stable, showing a consistent link
between high-tech exports and included variables. Government effectiveness is
negative, insignificant, while rule of law is positive, insignificant. This suggests that
institutional quality does not exert a direct influence once economic and
innovation factors are considered. This may imply that among institutionally
mature Western European economies, the variation is too limited to explain
short-term differences.

DISCUSSION / POLICY IMPLICATIONS

The results suggest that countries benefit most from policies that strengthen their
innovation base and skills capacity. A practical policy approach combining
stronger R&D support, targeted investment in human capital, and a regulatory
setting that reduces uncertainty. For mature Western European economies, the
policy priority lies less in increasing formal patent output and more in improving
the conversion of R&D and skills into commercially scalable, exportable
technologies.

CONCLUSION

The consistent drivers of high-technology exports are R&D investment, education
expenditure, while patent activity and institutional indicators do not exhibit a
direct effect in the short run. This suggests that technological competitiveness
develops gradually, through long-term investment in research capacity, skills, and
an environment allowing innovation. Thus, countries could better position
themselves in technologically advanced industries and support sustainable,
innovation-driven growth.
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DIGITALIZATION, FOREIGN DIRECT INVESTMENT, AND FEMALE
LABOR FORCE PARTICIPATION: DETERMINANTS OF HIGH-
TECHNOLOGY EXPORTS IN THE WESTERN BALKANS

Edita Mustafa!?
International Balkan University, Skopje, North Macedonia

INTRODUCTION

High-technology exports are widely recognized as an indicator of innovation
capacity, technological advancement, and international competitiveness. The
ability to produce and export technology-intensive goods reflects an economy's
productive sophistication and integration into global value chains. This study
examines the effects of digitalization, foreign direct investment (FDI), female labor
force participation, and economic development on high-technology exports in five
Western Balkan countries—Albania, Bosnia and Herzegovina, Montenegro, North
Macedonia, and Serbia—during the period 2009-2023.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Previous literature has assessed the impact of digitalization on export
performance. Abramova and Thorne (2021) view digital economy as a significant
source for modernization through automation, analytics, and engagement in
global value chains. In the same way, Arezki et al. (2018) point out its significance
in structural transformation and productivity. Atasoy (2020) reveals that
digitalization helps in the production and exporting of technologically advanced
goods in the presence of strong institutions and innovation capability. Xing (2017)
and Hermawan et al. (2019) reveal that ICT and e-commerce lower transaction
costs and help in international trade. On a micro-level, Kéten (2023) finds that
internet platforms help in improving export performance due to increased firm’s
ability to access foreign markets, while Shanmugalingam et al. (2023) find that e-
commerce positively impacts international trade. Azu et al. (2024) also find ICT-
trade impacts positively in South Africa. Choi (2024) emphasizes digital
connectivity, whereas Shabeer et al. (2024) emphasize innovation and institutions
as determinants of high-technology trade and competitiveness.
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METHODOLOGY

Panel data from five Western Balkan countries in the period of 2009-2023 is
utilized in the analysis. High technology exports are the dependent variable, and
Internet use, FDI, GDP per capita, and the percentage of female labor force
participation are the independent variables. Internet use is considered a proxy of
digitalization since it is indicative of the availability of digital technologies. The
higher the level of Internet use, the higher the levels of connectivity, information
exchange, and usage of digital technologies. The descriptive statistics and
correlation analysis are employed for the determination of the main features of
variables, as well as their relationships. At the same time, the variance inflation
factor test is utilized to identify the possible presence of multicollinearity. The
POLS, FE, and RE regressions are estimated, and the Hausman specification test is
conducted to determine the appropriate estimator.

RESULTS

Results from fixed-effects regression show that GDP per capita and women in the
labor force have positive and significant impacts on high-technology exports. GDP
per capita has a positive beta value of 154,966 (p=0.001), whereas the variable
women in the labor force has a positive beta value of about 19.9 million
(p=0.004). Foreign direct investment is positively related to high technology
exports; however, it has relatively low statistical significance (B = 8,338,679; p =
0.065). On the other hand, Internet penetration, which serves as an indicator of
digitalization, has a negative and statistically insignificant coefficient of B =
-4,086,867; (p = 0.110). This means that the level of internet penetration does not
have any significant effect on high-technology exports in the region.

DISCUSSION / POLICY IMPLICATIONS

The results show that economic development and employment opportunities for
women are crucial for the promotion of export sophistication in the Western
Balkans. Economic policies focused on growing women's participation in the labor
force and maintaining economic growth can lead to better export performance in
high-technology exports. Even though FDI has positive effects on exports, the
government should promote investments which will enable technology transfer
and connections between MNEs and domestic companies. Ineffective impact of
internet penetration shows that investments only in digital infrastructure cannot
be successful; other investments have to follow.
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CONCLUSION

These results indicate that economic growth and participation of women in the
workforce play an important role in high-technology exports from the Western
Balkans. The impact of foreign direct investment is positive but is statistically
insignificant. Internet diffusion is used as an indicator of digitalization, but its
effect is statistically insignificant, which implies that digitalization alone is not
enough to result in more sophisticated exports. This indicates that the
improvement of innovation capacity, human resources, and technology is critical
for competitiveness in high-technology exports.
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INTRODUCTION

Since its introduction, the Human Development Index (HDI) has broadened
development assessment by integrating health, education, and income
dimensions. However, HDI and its extensions inadequately capture sustainability,
innovation and subjective well-being (Sagar & Najam, 1998; Dasic et al., 2020).
This limitation highlights the need for a more comprehensive framework that
captures both current development achievements and future development
capacity (Costantini & Monni, 2005).

LITERATURE REVIEW / THEORETICAL BACKGROUND

The study builds on Anand and Sen's human development and capability
approach, integrating insights from welfare, happiness, sustainability, and
innovation economics. Although PQLl, HDI, and IHDI extend development
assessment beyond income, they inadequately capture subjective well-being,
environmental sustainability, and innovation (Hicks, 1997; Kovacevic, 2010; Burchi
& De Muro, 2016). These gaps motivate the proposed Sl-adjusted HDI framework.

METHODOLOGY

The proposed index retains the three core HDI dimensions and introduces
environmental sustainability and innovation as adjustment dimensions,
represented by carbon emissions, renewable energy, R&D expenditure, patents,
and digital inclusion (Burchi & De Muro, 2016; Costantini & Monni, 2005).
Indicators are normalized using the min-max method, assigned equal weights
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because no theoretical or empirical basis exists for differential weighting, and
aggregated using the geometric mean to compute the index.

RESULTS

The proposed framework is expected to provide a more comprehensive
assessment of development than existing indices. Countries with stronger
environmental sustainability, digital inclusion, and innovation may receive
different rankings than under the conventional HDI (Castells-Quintana et al.,
2019). The findings are expected to show that existing measures may
misrepresent development when qualitative and quantitative dimensions are not
adequately considered (Volkovitckaia et al., 2020).

DISCUSSION / POLICY IMPLICATIONS

The proposed Sl-adjusted HDI shifts the focus from measuring development
outcomes to evaluating how effectively societies transform resources into
sustainable human well-being. By integrating sustainability and innovation, it
provides policymakers with a tool to identify development gaps and formulate
strategies that promote the Sustainable Development Goals and long-term human
welfare (Costantini & Monni, 2005; Castells-Quintana et al., 2019).

CONCLUSION

What is measured shapes what is prioritized. The proposed Sl-adjusted HDI
extends the conventional HDI by integrating sustainability and innovation into
human development assessment. It provides a more comprehensive measure of
development effectiveness and captures not only current achievements but also
societies' capacity to sustain and enhance human well-being in the future (Burchi
& De Muro, 2016; Drastichova et al., 2023).
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INTRODUCTION

Municipal growth is a multidimensional process shaped by fiscal capacity,
demographic dynamics, economic activity, infrastructure, and institutional
performance (World Bank, 2024; OECD, 2023). Although previous studies
primarily examine the effect of fiscal decentralization on service delivery, limited
attention has been given to identifying the latent factors that collectively
determine municipal growth (Petkovski & Zafirova, 2026). This paper tries to
address this gap by developing a Municipal Growth Index for North Macedonia.
Moreover, innovation policy increasingly recognizes the importance of local
institutional and socio-economic capacities in fostering regional competitiveness
and sustainable development (Lee, 2023).

LITERATURE REVIEW / THEORETICAL BACKGROUND

Municipal growth is influenced by fiscal decentralization, local government
capacity, investment, employment, population trends, and public service
provision (Zafirova & Angelova, 2026). Existing studies typically estimate direct
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causal relationships using regression models. However, these variables are highly
correlated, making multivariate dimension-reduction techniques particularly
suitable for identifying the underlying components that jointly explain municipal
development patterns (Hair et al., 2019).

METHODOLOGY

The empirical analysis is based on a dataset of 60 municipalities in North
Macedonia, incorporating 27 socio-economic and fiscal indicators describing
demographic structure, labour market conditions, fiscal capacity, infrastructure,
and local public finance. Using municipal-level data collected from primary
sources, Principal Component Analysis (PCA) is applied to construct a Municipal
Growth Index (Abdi & Williams, 2010). Variables representing fiscal performance,
municipal revenues and expenditures, capital investment, employment,
demographic indicators, infrastructure, and service delivery are standardized prior
to analysis. Kaiser-Meyer-Olkin and Bartlett's tests assess sampling adequacy,
while components with eigenvalues greater than one are retained using Varimax
rotation.

RESULTS

The PCA identifies several principal dimensions explaining most of the variation
among municipalities. The first component captures fiscal and economic capacity,
the second reflects demographic and labour-market characteristics, while the
third represents infrastructure and municipal service provision. Together, these
components explain a substantial proportion of total variance and allow
municipalities to be classified according to their overall growth potential.

DISCUSSION / POLICY IMPLICATIONS

The findings demonstrate that municipal growth depends on the interaction of
fiscal strength, demographic sustainability, and investment capacity rather than
on individual indicators alone (Zafirova, 2025). The Municipal Growth Index
provides policymakers with an evidence-based tool for benchmarking
municipalities, identifying development disparities, and designing targeted
regional and local innovation policies (Grillitsch & Asheim, 2018). From an
innovation policy perspective, the Municipal Growth Index enables national and
local authorities to identify municipalities with differing development capacities
and innovation potential. The index can support the formulation of smart
specialization strategies, regional innovation policies, and performance-based
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public investment decisions by providing an integrated assessment of socio-
economic and fiscal conditions.

CONCLUSION

Principal Component Analysis offers a robust alternative to conventional
regression techniques by reducing numerous correlated municipal indicators into
a smaller number of interpretable growth dimensions. The proposed Municipal
Growth Index represents an evidence-based governance instrument that can
strengthen innovation policy design, improve strategic planning, and support
more effective allocation of development resources across municipalities. By
integrating socio-economic and fiscal dimensions into a single analytical
framework, the index contributes to data-driven public governance and territorial
innovation systems.
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REFERENCES

1. Abdi, H., & Williams, L. J. (2010). Principal component analysis. Wiley Interdisciplinary
Reviews: Computational Statistics, 2(4), 433—459.

2. Grillitsch, M., & Asheim, B. (2018). Place-based innovation policy for industrial
diversification in regions. European Planning Studies, 26(8), 1638—1662.

3. Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2019). Multivariate data
analysis (8th ed.). Cengage Learning.

4. Lee, N. (2023). Inclusive innovation in cities: From buzzword to policy. Regional
Studies, 59(1).

5. OECD. (2023). Making decentralisation work: A handbook for policy-makers. OECD
Publishing.

6. Petkovski, V., & Zafirova, A. (2026). Fiscal decentralization and municipal service
delivery: Evidence from North Macedonian municipalities. Lex Localis, 24(2).

7. World Bank. (2024). North Macedonia public finance review. World Bank.

8. Zafirova, A. (2025). Assessment of the quality of public financial management in the
municipality of Aerodrom using the PEFA methodology. Economic Development, (1-
2), 152-166. https://doi.org/10.55302/ED251-2152z

9. Zafirova, A., & Angelova, B. (2026). Fiscal transparency and accountability in local self-
government units: Evidence from North Macedonia. Economic Analysis.
https://doi.org/10.28934/ea.2301

105


https://doi.org/10.28934/ea.2301

UNCOVERING THE LATENT DIMENSIONS OF YOUTH
VULNERABILITY IN NORTH MACEDONIA: A PRINCIPAL
COMPONENT ANALYSIS

Vladimir Petkovski?
Ss. Cyril and Methodius University in Skopje, Institute of Economics-Skopje, Skopje, North
Macedonia

Elizabeta Djambaska
Ss. Cyril and Methodius University in Skopje, Institute of Economics-Skopje, Skopje, North
Macedonia

Irina Piperkova
Ss. Cyril and Methodius University in Skopje, Institute of Economics-Skopje, Skopje, North
Macedonia

Aleksandra Lozanoska
Ss. Cyril and Methodius University in Skopje, Institute of Economics-Skopje, Skopje, North
Macedonia

INTRODUCTION

Youth vulnerability is a multidimensional challenge affecting social inclusion,
economic participation, and long-term development. In North Macedonia, youth
face risks like unemployment, educational disparities, poverty, and limited
opportunities. This affects the capacity of building innovative and resilient
economies. Understanding youth vulnerability is essential not only for youth
policy but also for innovation policies that strengthen human capital and enhance
knowledge-based development.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Literature shows that youth vulnerability is determined by interconnected
educational, demographic and social factors (Bynner, 2019; OECD, 2024). Human
capital theory links skills to growth (Becker, 1964), while social exclusion
highlights resource gaps. Digital competencies are essential for employability,
innovation, and entrepreneurship in knowledge economies (European
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Commission, 2024). Also, digital and green transitions require a workforce capable
of adapting to technology (OECD, 2024).

METHODOLOGY

This study applies Principal Component Analysis (PCA) to identify latent
dimensions of youth vulnerability in North Macedonia, providing an empirical
basis for policy. This study analyzes 27 indicators across education, employment,
and well-being from 2,266 survey respondents (ages 15 - 29). Sampling adequacy
was confirmed (KMO = 0.808; Bartlett's test: x> = 9746.951, p < 0.001), and
components with eigenvalues over one were retained using the Kaiser criterion to
inform evidence-based policy.

RESULTS

The analysis extracted seven components explaining 48.37% of variance. First
Component (15.71%) covers Human Capital, Digital Competencies, and Self-
Efficacy (digital/STEM skills, reading, optimism, time management). Second
Component (7.41%) reflects Life Stage and Educational Transition (age, education,
experience). Remaining components capture well-being, living stability, social
inclusion, and healthcare access, confirming youth vulnerability's
multidimensionality.

DISCUSSION / POLICY IMPLICATIONS

Youth vulnerability extends beyond economic disadvantage. Human capital and
digital skills emerge as the dominant dimension influencing resilience, while
educational transitions, psychological well-being, social support networks, and
access to health services are additional dimensions. Digital literacy, STEM, and
transferable skills boost innovation and entrepreneurship. Trainings that reduce
youth vulnerability should be an innovation policy priority rather than a mere
social inclusion objective.

CONCLUSION

Youth vulnerability in North Macedonia is driven by structural socio-economic
inequalities in employment, income, and education. PCA provide a robust
framework to uncover latent dimensions and the foundation for constructing a
comprehensive Youth Vulnerability. These findings help policymakers design
targeted interventions that strengthen human capital, digital inclusion, and
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psychosocial support. Thus, reducing vulnerability is vital for both social policy and
sustainable economic growth.

KEYWORDS

Youth vulnerability, principal component analysis, digital competencies,
innovation policy, North Macedonia
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INTRODUCTION

The relationship between educational attainment and labour market outcomes
has attracted attention within the fields of labour economics, education
economics, and human capital research. The present study investigates the
relationship between educational attainment and labour market outcomes
through a comparative analysis of Romania and the European Union. Beyond
documenting existing educational and employment disparities, the study seeks to
identify the specific structural differences that continue to limit Romania's
convergence with EU labour market performance. By integrating educational
attainment and labour market indicators within a comparative framework, the
paper provides evidence on the mechanisms through which human capital
disparities influence employment resilience and socioeconomic convergence,
thereby offering policy-relevant insights for education and labour market reforms.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Wolbers (2007) highlighted that school-to-work transitions differ substantially
across European countries due to variations in educational structures, vocational
training systems, and labour market institutions. Similarly, Marczuk (2024) argued
that institutional settings play a decisive role in shaping employment outcomes,
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influencing both the speed and quality of labour market entry. Building upon
these findings, Boboc et al. (2025) showed that effective labour market
integration depends on the compatibility between educational provision and
employers' demand for skills, emphasizing the importance of policies supporting
the transition from education to employment. Krpan et al. (2023) demonstrated
that longer educational pathways generally improve employment prospects
across Europe, although considerable differences exist among countries. Rocca et
al. (2022) further observed that reducing the proportion of young people not in
employment, education, or training (NEET) requires integrated education,
employment, and social inclusion policies rather than educational expansion
alone. Manta et al. (2015) emphasized the strategic role of universities in
developing the competencies required by modern economies. In Romania,
Herman (2012) identified a positive relationship between educational attainment
and labour market performance but also highlighted persistent structural
deficiencies affecting workforce integration. Tanase et al. (2025) confirmed that
Romania continues to lag behind the European Union in educational attainment,
workforce integration, and social inclusion, while Baciu (2022) demonstrated that
higher education significantly improves graduate employability despite adverse
economic conditions.

METHODOLOGY

The research adopts a quantitative descriptive approach based on secondary data
obtained from European statistical sources. The analysis incorporates key
indicators of educational attainment, employment, unemployment, labour market
participation, and regional disparities, using descriptive statistics and comparative
assessments to identify patterns, differences, and emerging trends. The study
evaluates the extent to which educational attainment contributes to labour
market integration while identifying structural disparities that influence
employment performance.

RESULTS

The comparative analysis confirms that higher educational attainment is
consistently associated with stronger labour market performance across both
Romania and the European Union; however, the magnitude of this relationship
differs considerably between the two contexts. While EU Member States
generally demonstrate higher employment rates, greater participation in lifelong
learning, and more effective transitions from education to employment, Romania
continues to experience persistent structural disadvantages reflected in lower
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educational attainment, wider regional inequalities, and more pronounced skills
mismatches. These differences reduce workforce adaptability and limit the
country's capacity to respond effectively to digitalisation, technological
transformation, and the green transition. The comparative evidence suggests that
Romania's challenge is not solely increasing educational participation but
improving the quality, relevance, and labour market responsiveness of
educational provision. Consequently, the study demonstrates that convergence
with EU labour market outcomes depends on strengthening the institutional links
between education systems, employers, and lifelong learning policies rather than
on expanding educational attainment alone.

DISCUSSION / POLICY IMPLICATIONS

The comparative findings provide several policy insights that extend beyond the
descriptive comparison between Romania and the European Union. First, the
results indicate that educational attainment generates stronger labour market
returns when supported by effective institutional coordination between
education providers, employers, and public employment services. Second,
Romania's comparatively weaker performance suggests that improving
educational quality alone is insufficient without complementary policies
promoting lifelong learning, regional cohesion, digital skills development, and
smoother school-to-work transitions. Unlike many EU Member States where
education policies are increasingly integrated with labour market strategies,
Romania continues to face structural fragmentation that constrains workforce
resilience. The study contributes by identifying the institutional dimensions that
explain persistent convergence gaps and by highlighting priority areas for
evidence-based policy interventions capable of strengthening human capital
development and long-term socioeconomic competitiveness.

CONCLUSION

This study highlights that, while higher educational attainment is consistently
associated with stronger employment outcomes across both Romania and the EU,
significant structural disparities continue to constrain Romania's labour market
performance. In particular, persistent regional inequalities, limited participation in
lifelong learning, and enduring skills mismatches reduce the capacity of the
education system to support workforce adaptability and sustainable economic
development. The findings underscore that policy responses should extend
beyond increasing educational attainment to strengthening the alignment
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between education, skills development, and labour market demand through
integrated and evidence-based policy frameworks.
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Educational attainment, labour market outcomes, human capital, employment,
regional disparities, Romania, European Union
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INTRODUCTION

This paper examines the relationship between FDI and GDP growth in six Western
Balkan countries from 2010 to 2024, using World Bank annual data. By applying
descriptive statistics and country-level correlation analysis, it assesses whether
FDI inflows are associated with economic performance and highlights differences
across the region.

LITERATURE REVIEW / THEORETICAL BACKGROUND

FDI-growth literature links FDI to capital accumulation, technology transfer and
spillovers (Solow, 1956; Romer, 1986), but its effects depend on human capital,
absorptive capacity and financial markets (Borensztein et al., 1998; De Mello,
1999; Alfaro et al., 2004). Evidence also shows endogeneity, bidirectional causality
and country-specific thresholds (Carkovic & Levine, 2005; Chowdhury & Mavrotas,
2006; Hansen, 1999).

METHODOLOGY

Using annual World Bank data for 2010-2024, this study examines the
relationship between FDI net inflows and GDP in the Western Balkans. GDP is
specified as the dependent variable and FDI as the independent variable.
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Correlation, regression, determination coefficients and ANOVA are applied to
assess model fit and significance.

RESULTS

Results indicate heterogeneous FDI-GDP dynamics across the Western Balkans.
Serbia records the highest average FDI and strongest association with GDP, while
Montenegro shows weak correlation and low model representativeness. ANOVA
confirms significant linear relationships in all countries except Montenegro.

DISCUSSION / POLICY IMPLICATIONS

Findings suggest that FDI is associated with GDP growth across the Western
Balkans, with no significant relationship in Montenegro. Policy should therefore
shift from attracting higher FDI volumes toward targeting productive, technology-
enhancing and export-oriented investment aligned with national development
priorities.

CONCLUSION

The analysis demonstrates a heterogeneous relationship between FDI and GDP
growth across the Western Balkans. While FDI is associated with GDP growth in
North Macedonia, Serbia, Bosnia and Herzegovina, Albania, and Kosovo®, its
assotciation is insignificant in Montenegro. These findings indicate the need for
more selective, development-oriented FDI policies and deeper assessment of
investment structures.
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INTRODUCTION

Over the past three decades, Croatia has undergone marked deindustrialisation
alongside significant service-sector expansion (Stoj¢i¢ & Aralica, 2018; Aralica,
2020), with substantial manufacturing job losses (Aralica, 2014). This trend
persisted throughout our study period. We analyse the distribution of service and
manufacturing sectors across Croatian NUTS 2 regions, examining which units—
sectors, firm-size tiers, and their interactions—contributed most to the rise in the
national average.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Regional deindustrialization is the long-term decline in manufacturing's relative
importance within a region, seen in falling employment, output, or value-added
shares. Though driven by global/national forces, it is spatially uneven (Stojci¢ et al.
2019). Shift-share decomposition separates national, sectoral, and regional
competitiveness effects (Knudsen, 1992; Haynes & Dinc, 1997; Artige & van
Neuss, 2014), showing whether decline stems from national trends, initial
composition, or reallocation.
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METHODOLOGY

We decompose the national change using a single shift-share identity, applied to
the same change at progressively finer partitions — regions, sectors, region x
sector cells, sector x tier cells, and region x sector x tier cells. The national
average is an employment-weighted average of unit productivities, so when a unit
changes, it moves the national average through three distinct channels. For a unit
i with employment share si=li/L and labour productivity Ipi (subscript 0 = 2015).

RESULTS

National labour productivity rose 17% over the decade, +€13,211/worker. Zagreb
contributed most: €6,324 (47.9%), driven by a strong within-effect (~€7,489).
North Croatia added 20.7%, Adriatic Croatia 18.5%, Pannonian Croatia 12.9%.
Sectorally, growth stemmed mainly from within-sector efficiency gains, while
reallocation effects were negative, as employment shifted toward lower-
productivity services—both between and cross components contributed
negatively, the cross effect notably so.

DISCUSSION / POLICY IMPLICATIONS

Croatia's productivity growth between 2015 and 2024 stemmed primarily from
within-sector improvements rather than structural transformation toward higher-
productivity activities. Though the service sector expanded and contributed
substantially to aggregate productivity growth, reallocation effects were negative,
as employment increasingly concentrated in relatively lower-productivity service
activities. The City of Zagreb was the dominant source of growth, underscoring
persistent spatial disparities in economic performance.

CONCLUSION

The results imply that future growth strategies should focus not only on raising
productivity within existing sectors but also on fostering structural change toward
more knowledge-intensive, tradable, and innovation-driven activities. Policies
aimed at strengthening manufacturing capabilities, supporting digital
transformation, promoting business innovation, and enhancing regional
absorptive capacity may help generate stronger productivity spillovers across
regions and sectors.
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INTRODUCTION

Central and Eastern European (CEE) governments appear to draw increasingly on
sovereign bond markets to finance R&D&I policies. Persistent instability and
inflation regimes may raise borrowing costs, constraining innovation financing.
This framework examines how inflation regimes may shape debt costs and R&D
spending across seven CEE economies (Poland, Czechia, Hungary, Romania,
Estonia, Latvia, Lithuania).

LITERATURE REVIEW / THEORETICAL BACKGROUND

Research links fiscal space to innovation policy capacity (Mazzucato, 2013) and
sovereign risk to borrowing costs (Aizenman & Marion, 2011). Inflation regime-
switching models reveal non-linear effects of inflation on macro-financial
variables (Ang & Bekaert, 2002). Yet few studies connect inflation regimes,
sovereign debt costs, and public R&D financing in CEE transition economies. This
paper bridges macro-finance and innovation policy literatures.

METHODOLOGY

We employ a panel dataset (2000-2025) covering selected CEE economies listed
above, combining sovereign bond vyields, public R&D expenditure (% GDP), and
macroeconomic controls (debt/GDP, deficit). Inflation regimes are identified via a
Markov-switching model. Panel regressions with regime interaction terms test
whether borrowing costs and R&D expenditure are linked across low- and high-
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inflation regimes. As estimation is ongoing, results below reflect the expected, not
yet confirmed, direction of effects.

RESULTS

Higher sovereign bond yields are expected to be associated with lower public R&D
expenditure, with this negative relationship intensifying during high-inflation
regimes. Theoretical reasoning suggests fiscal space for innovation narrows
disproportionately during inflationary shocks, reflecting tighter borrowing
conditions and crowding-out of discretionary R&D spending.

DISCUSSION / POLICY IMPLICATIONS

If the expected relationships are confirmed, macroeconomic stabilization would
appear as a precondition for sustained innovation financing in CEE economies.
Policymakers may then need counter-cyclical funding mechanisms (e.g., dedicated
innovation funds, EU co-financing) to shield R&D budgets from inflation-driven
fiscal constraints. Innovation-linked sovereign bonds could also help stabilize
financing conditions for innovation policy during volatile inflation regimes; these
implications remain tentative pending completion of the empirical analysis.

CONCLUSION

This research links inflation regime dynamics, sovereign debt costs, and
innovation financing in CEE transition economies, connecting macro-finance and
innovation policy literatures that have so far developed largely in parallel. By
tracing how macroeconomic instability may constrain R&D financing capacity, the
framework aims to inform resilient innovation policy and public debt
management in small, open, transition economies, pending completion of the
empirical estimation.

KEYWORDS
Inflation regimes, sovereign debt, public R&D financing, innovation policy, Central
and Eastern Europe
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MACROECONOMIC FACTORS AND PUBLIC DEBT IN BOSNIA
AND HERZEGOVINA (2011-2024): IMPLICATIONS FOR FISCAL
SUSTAINABILITY IN THE CONTEXT OF ECONOMIC SHOCKS AND
GROWING UNCERTAINTY
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INTRODUCTION

The past decade has been marked by economic shocks, including the COVID-19
pandemic, inflationary pressures, and geopolitical disruptions, which have
increased the importance of fiscal sustainability. Under such circumstances, the
analysis of public debt and its macroeconomic determinants is particularly
important for small open economies. This paper examines the relationship
between public debt, inflation, economic growth, and unemployment in Bosnia
and Herzegovina during 2011-2024.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Theoretical and empirical studies identify inflation, economic growth, and
unemployment as key determinants of public debt and fiscal sustainability
(Checherita-Westphal & Rother, 2012; Panizza & Presbitero, 2014; Afonso et al.,
2025). Economic growth strengthens fiscal capacity, whereas unemployment
increases fiscal pressures (Blanchard & Leigh, 2013). Evidence for Bosnia and
Herzegovina remains limited, particularly in the context of economic shocks.

METHODOLOGY

The study covers the period 2011-2024 and is based on data obtained from the
World Bank’s World Development Indicators database. Multiple linear regression
(OLS), together with descriptive and correlation analysis, was applied. Public debt
(% of GDP) was used as the dependent variable, while inflation, the
unemployment rate, and real GDP growth rate were included as independent
variables.
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RESULTS

The unemployment rate is the strongest predictor of public debt in Bosnia and
Herzegovina (B = 0.415; p = 0.006). Inflation is negatively associated with public
debt, while economic growth has a positive but statistically insignificant effect.
The regression model explains 80.2% of the variation in public debt (R? = 0.802)
and is statistically significant (F = 10.83; p = 0.003).

DISCUSSION / POLICY IMPLICATIONS

The findings suggest that labour market developments have significant
implications for fiscal sustainability in Bosnia and Herzegovina. In the context of
economic shocks and increased uncertainty, high unemployment may place
additional pressure on public finances and constrain the country's fiscal capacity.
The results highlight the importance of policies aimed at increasing employment
and strengthening fiscal stability in order to enhance resilience to future
economic disturbances.

CONCLUSION

The study confirms the existence of a significant relationship between public debt
and selected macroeconomic factors in Bosnia and Herzegovina. The results
indicate that unemployment has the strongest impact on public debt dynamics,
while the effects of inflation and economic growth are less pronounced. The
findings contribute to a better understanding of fiscal sustainability and the
challenges of economic policymaking in the context of economic shocks and
uncertainty.
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INTRODUCTION

The period 2019-2025 was marked by a succession of major shocks — pandemic,
energy crisis, geopolitical conflict and monetary adjustment — that reconfigured
the global business environment. The study analyzes the impact of these shocks
on the indebtedness of Romanian firms, compared to CEE countries (Poland,
Hungary, and Czech Republic), through four transmission channels: demand,
costs, interest and exchange rate.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The literature (Bernanke, Gertler & Gilchrist, 1999; Brunnermeier & Koby, 2019;
Lian & Ma, 2021) distinguishes four main channels of shock transmission to firms'
indebtedness: the demand channel, the cost channel, the interest/credit channel,
and the exchange rate channel. These are not mutually exclusive, but are
activated simultaneously or successively, influencing companies' financing
decisions.

METHODOLOGY

The study employs a descriptive-analytical approach, dividing the period 2019—-
2025 into four phases: Pre-shock, Pandemic, Energy/Geopolitical, and Monetary
Adjustment. The comparative analysis between Romania and selected CEE
countries uses quarterly data from central banks, Eurostat, and national statistical
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institutes. Key indicators include interbank rates, policy rates, average corporate
loan rates, lending growth, inflation, and GDP growth.

RESULTS

The pandemic phase increased working capital credit, with debt stock expanding
in 2021. The energy crisis compressed margins via cost channel, amid severe
inflation, more pronounced in Hungary and Poland. Monetary adjustment raised
debt costs, slowing lending. Hungary faced the most severe adjustment. Romania
followed a moderate-high trajectory, but slower adjustment prolonged pressures.
Poland recovered faster, supported by rate cuts, while the Czech Republic had the
most stable costs.

DISCUSSION / POLICY IMPLICATIONS

Romania's delayed monetary easing prolonged high financing costs, increasing
pressure on firms with variable-rate loans. The energy cap removal (July 2025)
adds to liquidity pressures. High financing costs reduce SME investment in
innovation. Credit contraction restricts start-ups' access to finance. High spreads
create disadvantages versus Poland and the Czech Republic. Targeted policies are
needed: guarantee programs, subsidized rates for innovative SMEs, and debt
restructuring support.

CONCLUSION

The sequence of shocks in 2020-2025 has fundamentally transformed the
corporate finance landscape. Romania has avoided the extreme volatility seen in
Hungary and Poland, but persistently high interest rates and cost pressures have
increased financial fragility, especially for indebted and energy-intensive firms.
Resilience requires prudent policies and targeted support for SMEs.

KEYWORDS
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policy, Central and Eastern Europe
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INTRODUCTION

Volatility is a key feature of financial markets, particularly during periods of
geopolitical uncertainty. The Russia-Ukraine conflict increased instability across
asset markets, highlighting the need to understand how different financial assets
respond to external shocks. While gold and fiat currencies have traditionally been
viewed as reference assets, cryptocurrencies introduce additional complexity due
to their decentralized structure, speculative behavior and sensitivity to market
sentiment. This study compares volatility dynamics across cryptocurrencies, fiat
currencies and gold, providing insights into financial market behavior and the
challenges posed by digital financial innovation under conditions of heightened
uncertainty.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Volatility reflects risk, information incorporation and investor expectations,
varying across asset classes according to their economic and institutional
characteristics. Gold is often regarded as a safe-haven asset, although its
effectiveness depends on the type of crisis (Baur and McDermott, 2010). Fiat
currencies derive relative stability from monetary policy credibility and
institutional frameworks. Cryptocurrencies, by contrast, are typically associated
with higher volatility due to speculative dynamics, limited regulation and
sentiment-driven trading. Existing studies consistently find significant differences
between cryptocurrencies and traditional assets (Duarte, 2015; Klein et al., 2018;
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Corbet et al., 2019; Gopinath and Itskhoki, 2022). However, these assets are often
analyzed separately, limiting direct comparisons and motivating an integrated
assessment of volatility behavior during periods of geopolitical uncertainty
(Danielsson et al., 2018; Klein et al., 2018).

METHODOLOGY

The analysis uses daily closing prices in Swiss francs for Bitcoin, Ethereum, Ripple,
the US dollar, euro, Chinese renminbi and gold. The Swiss franc is adopted as a
stable benchmark due to its traditional neutrality and reserve currency status. The
sample is divided into pre-war and war periods around the outbreak of the Russia-
Ukraine conflict in February 2022. Logarithmic returns are computed and
stationarity is assessed using ADF and KPSS tests. Volatility dynamics are
estimated through GARCH models, which capture conditional heteroskedasticity
and persistence. Model selection relies on information criteria, and unconditional
variances are calculated to compare average volatility across assets and periods.

RESULTS

The results reveal substantial differences in volatility across asset classes. Before
the conflict, significant volatility is observed mainly in Ethereum, Ripple and the
euro. Cryptocurrencies are consistently the most volatile assets, displaying
unconditional volatility levels many times higher than those of fiat currencies and
gold, together with stronger persistence effects. Fiat currencies exhibit the lowest
volatility, reflecting the stabilizing role of institutional and monetary frameworks.
Gold shows intermediate volatility. Following the outbreak of the conflict,
volatility becomes significant across all assets, indicating increased uncertainty.
Despite this shift, the relative ranking remains unchanged, with cryptocurrencies
remaining the most unstable assets.

DISCUSSION / POLICY IMPLICATIONS

The findings highlight the importance of accounting for asset-specific
characteristics when assessing financial stability under uncertainty. The persistent
volatility of cryptocurrencies reinforces their speculative nature and suggests
caution for risk-averse investors. The increase in volatility among fiat currencies
during the conflict underlines the importance of credible monetary policy and
effective institutional responses. Gold maintains diversification benefits but is not
immune to market fluctuations. For policymakers, the results support closer
monitoring of cross-asset volatility dynamics and the development of governance
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frameworks capable of balancing digital financial innovation, investor protection
and financial stability during periods of geopolitical stress.

CONCLUSION

This study compares volatility dynamics across cryptocurrencies, fiat currencies
and gold before and after the onset of the Russia-Ukraine conflict. The results
confirm that cryptocurrencies are consistently the most volatile assets, whereas
fiat currencies display lower but rising volatility under stress conditions. Gold
occupies an intermediate position, supporting its traditional role as a relatively
stable asset. Although geopolitical shocks intensify volatility across all markets,
fundamental differences between asset classes remain. The findings contribute to
the literature on financial market behaviour under uncertainty and provide useful
insights for investors, regulators and researchers examining the implications of
digital financial innovation.
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INTRODUCTION

Foreign direct investment (FDI) is an important tool for the growth of transition
economies, yet its impact depends highly on both macroeconomic performance
and institutional credibility. In this regard, this study examines whether corruption
and governance quality effect the FDI attractiveness in North Macedonia as a
small open economy, during 2007-2024, addressing a country-specific evidence

gap.

LITERATURE REVIEW / THEORETICAL BACKGROUND

According to the economic literature, foreign direct investments are affected by
macroeconomic factors as well as institutional quality. Corruption may reduce FDI
because of higher transaction costs and uncertainty, but political stability and the
rule of law may encourage investment. The literature is consistent about the
“grabbing hand” model in relation to the interaction of corruption, FDI, and
economic growth, as corruption creates uncertainty and transaction costs and can
negatively affect FDI (Mauro, 1995; Wei, 2000; Habib & Zurawicki, 2002). There is
some evidence for a “grease the wheels” effect in a short-term perspective (Egger
& Winner, 2005). The role of overall governance quality is emphasized in recent
literature, but findings based on country-specific evidence for North Macedonia
are not abundant (Voka, 2015; Kuzmanoska Mirkovikj et al., 2024).
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METHODOLOGY

An empirical analysis is conducted by using annual World Bank WDI/WGI data for
2007-2024 through OLS model estimate FDI net inflows (% of GDP) against the
Control of Corruption, macroeconomic controls, and governance indicators.

RESULTS

The main corruption model is insignificant (R>=0.057). Thus, in the next model, by
adding the macroeconomic controls raises R? to 0.719; GDP growth is positive and
significant, while the corruption coefficient is significant only in conventional OLS
and is not robust. The full model including the institutional factors shows
R2=0.932, but also severe multicollinearity (max VIF=85.57) that makes most
institutional coefficients insignificant.

DISCUSSION / POLICY IMPLICATIONS

The evidence shows that corruption should not be seen as an isolated
determinant of FDI. Quantitative evidence imply that that corruption operates
through administrative inefficiency, inconsistent regulation, weak accountability,
and legal uncertainty. Policy should prioritize transparent administration,
regulatory consistency, judicial independence, and anti-corruption enforcement.

CONCLUSION

For the case of North Macedonia, FDI attractiveness reflects the nexus of
macroeconomic conditions and institutional quality. While econometric data
findings does not support the presence of a stand-alone corruption impact, it
becomes clear that the poor quality of the institutions is the reason for the
increased risk perception and lack of trust.
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INTRODUCTION

Entrepreneurship does not occur in isolation: it is shaped by a complex web of
actors, institutions, and resources that together constitute what scholars call the
entrepreneurial ecosystem (EE). Over the past two decades, EE has moved from a
practitioner heuristic to one of the most vibrant concepts in entrepreneurship
research, with scholarly output rising from a single publication in 2009 to more
than 1,100 by 2023. Yet, despite this exponential growth, catalysed since 2015 by
the foundational contributions of Stam (2015) and Spigel (2017), the field still
lacks a consensus definition, overlooks emerging-economy contexts, and suffers
from methodological fragmentation. This study aims to trace how the intellectual
structure of EE research has evolved over the period 2006-2023 and to identify
the field's dominant thematic trajectories, geographic biases, and remaining
theoretical gaps. To this end, it conducts a comprehensive bibliometric analysis of
the full corpus of 1,100 Scopus-indexed EE publications spanning this period.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The EE concept traces back to Moore's (1993) ecosystem metaphor, drawn from
biological ecology, and to Cohen's (2006) first academic application of the concept
in the context of Silicon Valley's sustainable ecosystem. Isenberg's (2010) six-pillar
framework gave the concept its early operational structure, while Stam (2015)
and Spigel (2017) supplied the theoretical scaffolding that triggered the field's
exponential growth after 2015. Subsequent work extended the concept toward
digital transformation (Autio et al., 2018), ecosystem resilience under systemic
shocks such as COVID-19 (Kuckertz et al., 2020), and sustainability (Cohen, 2006).
Persistent gaps remain, however, in emerging-economy coverage and in what the
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literature terms causal theorisation, that is, a clear specification of the
mechanisms through which ecosystem conditions produce entrepreneurial
outcomes, and of how ecosystems evolve over time (Alvedalen & Boschma, 2017).

METHODOLOGY

Bibliographic data were extracted from Scopus in January 2024 using the query
TITLE-ABS-KEY ("entrepreneurial ecosystem" OR "entrepreneurship ecosystem")
for the period 2006-2023, yielding a final corpus of 1,100 peer-reviewed, English-
language journal articles. Four complementary techniques were applied to this full
corpus: descriptive publication analysis, co-citation analysis, bibliographic
coupling, and keyword co-occurrence mapping. All network analyses were
performed in VOSviewer (v1.6.19), with a co-citation threshold of 10 and a
keyword frequency threshold of 5.

RESULTS

Publication output within this 1,100-article corpus grew from a single article in
2009 to more than 1,100 cumulative publications by 2023, following a markedly
non-linear trajectory: a first, decisive acceleration in 2015-2016 coincided with
the publication of Stam (2015) and Spigel (2017), whose foundational status is
reflected in their citation counts (respectively over 1,200 and over 1,250 citations
to date), and a second, milder acceleration followed 2020, associated with COVID-
19-driven interest in ecosystem resilience. This punctuated growth pattern
indicates that the field's evolution has been shaped less by gradual accumulation
than by a small number of paradigm-shaping contributions, consistent with the
progressive institutionalisation of a young research area. The United States (258
publications), the United Kingdom (159), and Germany (96) dominate output, and
Small Business Economics (65 articles) and Sustainability (Switzerland) (45 articles)
are the leading outlets. Network analyses identify five thematic clusters:
innovation and technology, policy and institutions, sustainability, education and
human capital, and investment and value creation, organised around three
intellectual lineages anchored in the foundational works of Stam (2015) and Spigel
(2017).

DISCUSSION / POLICY IMPLICATIONS

The field exhibits structural biases: Western dominance in research output, and
the corresponding underrepresentation of African, Arab, and South Asian
contexts, are both descriptive and normative problems. As Alvedalen and
Boschma (2017) and Mubarak and Suomi (2022) argue, the dominant frameworks
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developed in high-income settings carry embedded assumptions, for instance
regarding the availability of formal venture capital and institutional density, that
may generate misfit recommendations when exported to institutionally thinner
settings. This suggests that policymakers in emerging economies need context-
sensitive EE frameworks rather than direct transplants of Silicon Valley- or
London-derived models. The post-2020 acceleration of ecosystem-resilience
research further signals that existing frameworks, largely static and component-
oriented, must be extended toward dynamic, resilience-oriented theorisation.
Similarly, the field's growing engagement with digital transformation (Autio et al.,
2018) challenges the traditionally territorially bounded conception of EE and calls
for renewed conceptual work at the intersection of digital and physical ecosystem
dynamics.

CONCLUSION

This study offers one of the most temporally comprehensive bibliometric portraits
of EE research produced to date, covering the full period from the field's scholarly
inception in 2006 through 2023. Its threefold contribution (complete temporal
coverage, multi-method network analysis, and a structured critique of the field's
geographic and methodological limitations) advances both the theoretical
consolidation and the forward research agenda of the field. Three priority
directions emerge: rigorous EE theorisation grounded in emerging-economy
contexts, development of standardised cross-national measurement instruments,
and sustained investigation of digital-physical ecosystem dynamics and resilience
under systemic disruption.
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INTRODUCTION

The analysis examines the current state, dynamics, and potential of startup
ecosystems — the innovation ecosystems supporting venture creation — by
identifying key ecosystem actors, and assessing how economic, social, regulatory,
and technological factors shape entrepreneurship. It evaluates ecosystem
maturity, facilitators, and constraints, and highlights cross-regional opportunities.
The focus is on EU enlargement countries, with similar historical, geographical,
political and economic background, like Western Balkan Countries (WBC) and
Turkiye.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The theoretical background of start-ups and innovation ecosystems is based on
stakeholder theory (Bryson, 2004), innovation ecosystem theory, and needs
assessment approaches, complemented by co-creation principles. These
frameworks, informed by prior country assessments (GIZ, 2023; Baycan & Arkali
Olcay, 2021; Yildinm & Keskin, 2020), enable systematic identification of relevant
actors, assessment of their needs, and comparison of stakeholder categories
across WB6 and Tirkiye.

1 Corresponding author, e-mail: shilic@ibu.edu.mk
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METHODOLOGY

This study uses a qualitative approach based on secondary data from reports,
policy documents, and academic literature published 2020-2025, covering WB6
(Albania, Bosnia and Herzegovina, Kosovo® Montenegro, North Macedonia,
Serbia) and Turkiye. Data were collected through desk research and analyses
using thematic and comparative methods to map stakeholders, and assess
ecosystem maturity via institutional support, early-stage finance, university-
industry commercialisation, and regulatory coherence.

RESULTS

Stakeholder mapping results, consistent with prior reports (GIZ, 2023; USAID
Diaspora Invest, 2023), confirm that universities and public institutions play a
central role while private investment remains less developed across WB6. The
comparative analysis further finds Tirkiye's stronger funding access and support
systems (Baycan & Arkali Olcay, 2021) offer a transferable model, with cross-
regional opportunities in high-growth sectors, knowledge exchange, and
partnerships.

DISCUSSION / POLICY IMPLICATIONS

The discussion highlights uneven ecosystem development, with strong public-
sector involvement but weak private investment and persistent structural
challenges such as funding gaps and talent loss (World Bank, 2020; StartupBlink,
2025). Policy recommendations focus on improving governance, access to finance,
university - industry collaboration modelled on Tirkiye's techno park and
incubation experience (Yildirm & Keskin, 2020; Gilirakan, 2024), regulatory
frameworks, and cross-regional cooperation.

CONCLUSION

The results show diverse but unequally developed innovation ecosystems, with
universities playing a central role and limited private investment in emerging
regions. Key challenges include access to finance, regulatory barriers, and talent
gaps. Opportunities exist in cross-regional collaboration, digital and green sectors,
and partnerships. The study concludes that, despite structural differences, partner

* This designation is without prejudice to positions on status, and is in line with UNSCR
1244/1999 and the ICJ Opinion on the Kosovo declaration of independence.
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ecosystems share similar challenges and complementary strengths. This provides
a strong foundation for building an integrated innovation cross - country network.
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INTRODUCTION

Technology transfer translates academic research into economic and societal
value, supporting the “third mission” of universities (Lindel6f & Hellberg, 2025).
Yet research excellence rarely translates into commercialization: the “European
Paradox” shows strong European science struggles to reach the market
(Argyropoulou et al., 2019). This gap is visible in the “valley of death,” where
promising technologies stall from insufficient funding and support (Ellwood et al.,
2022). Increased resources alone do not resolve this: even with stronger support,
securing the first major investment remains difficult (Ellwood et al., 2022). The
research-to-market gap thus reflects broader institutional and systemic
conditions, not resource constraints alone. This paper develops a conceptual
framework identifying systemic barriers to research commercialization and maps
them against European Innovation Scoreboard (EIS) indicators.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Strong scientific performance and R&D investment do not guarantee marketable
innovations. Commercialization remains difficult even with available support
(Argyropoulou et al., 2019; Ellwood et al., 2022). The literature identifies barriers
at two levels: within institutions (weak communication, limited entrepreneurial
incentives, fragmented IP management), and at system level (gaps in early-stage
funding, complex regulation, weak coordination among universities, industry,
government and investors) (Ramesh, 2021; Good et al., 2020; Yang et al., 2025).

1 Corresponding author, e-mail: jovana.kojic@fon.bg.ac.rs
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Technology transfer is thus an outcome of interactions within an innovation
ecosystem, whose alignment shapes commercialization. Scoreboards like the EIS
capture research performance, finance, linkages and intellectual assets (European
Commission, 2025), but the extent to which they capture institutional capabilities
and governance remains unclear (Radosevic & Yoruk, 2022). Mapping barriers
against EIS indicators can reveal measurement gaps.

METHODOLOGY

The paper develops a conceptual framework that links the key dimensions
influencing the technology transfer process with existing innovation ecosystem
indicators. First, the structured literature review is performed to identify the
systemic barriers most encountered in the commercialization of research results.
Second, these barriers are mapped to relevant indicators of the European
Innovation Scoreboard framework (European Commission, 2025). Third, the
resulting mapping is synthesized into a conceptual framework that systematizes
the links between technology transfer factors and innovation ecosystem
indicators, highlighting areas requiring improvement in the existing measurement
system.

RESULTS

The proposed framework shows that existing innovation ecosystem indicators
unevenly represent the systemic conditions influencing technology transfer. The
EIS enables cross-country comparison through research performance (co-
publications, highly cited publications), intellectual assets (patent, trademark,
design applications), and finance and support (venture capital, R&D expenditure,
government support), but captures selected inputs and outputs rather than the
transfer process itself (European Commission, 2025). Institutional conditions
remain weakly represented: the EIS does not capture TTO capabilities, IP
governance, licensing practices or researcher incentives. Strong research, funding
or patenting performance thus does not indicate that universities have the
capacity to convert results into innovations. This reveals a measurement gap,
showing that existing indicators offer only a partial understanding of the research-
to-market process.

DISCUSSION / POLICY IMPLICATIONS

Europe is a world class scientific power, but this advantage cannot be converted
into technological and economic performance (Argyropoulou et al., 2019). Results
showed that EIS indicators do not provide enough information nor knowledge to
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identify barriers to technology transfer. These indicators need to be
complemented with organizational and governance-related indicators that could
capture dynamics of innovation ecosystems by incorporating qualitative indicators
(Cunningham & O'Reilly, 2018; Granstrand & Holgersson, 2020). Only then,
proposed framework may support interests of stakeholders, including
policymakers, universities and technology transfer offices, and help identifying
structural gaps in order to improve evidence-informed technology transfer
policies and support mechanisms.

CONCLUSION

The research-to-market gap cannot be fully understood through existing
innovation ecosystem indicators alone. By linking these indicators with systemic
barriers to technology transfer, the proposed framework offers a structured
approach for understanding research commercialization conditions while
highlighting important measurement gaps. The framework provides a foundation
for more comprehensive assessments of technology transfer ecosystems and may
support the development of more evidence-informed innovation policies.
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INTRODUCTION

Innovation-driven entrepreneurship is essential for economic growth and
competitiveness (Schumpeter, 1934; Acs et al., 2017). However, limited access to
innovation finance remains a major challenge for startups and small and medium-
sized enterprises (SMEs) (Block et al., 2018; OECD, 2025). Existing studies often
examine venture capital, innovation finance, and entrepreneurial ecosystems in
isolation (Audretsch & Belitski, 2025; Clayton et al., 2023). This study addresses
this gap by developing an integrated framework that explains how innovation
finance and venture capital strengthen entrepreneurial ecosystems, enhance SME
innovation performance, and support sustainable growth.

LITERATURE REVIEW / THEORETICAL BACKGROUND

This study is grounded in Entrepreneurial Ecosystem Theory (Acs et al., 2017;
Spigel, 2017), Innovation Systems Theory (Schumpeter, 1934), and the Resource-
Based View (Teece, 2018). These theories explain how innovation finance, venture
capital, and institutional support foster SME innovation and competitiveness
(Block et al., 2018; Cumming & Johan, 2013). However, existing research often
examines these factors separately (Audretsch & Belitski, 2025; Clayton et al.,
2023). This study integrates them into a unified conceptual framework for
sustainable SME growth.

METHODOLOGY

This conceptual study employs a systematic literature review. A structured search
was conducted in Scopus, Google Scholar, OECD, and World Bank databases using
keywords: "innovation finance," "venture capital," "entrepreneurial ecosystems,"

1 Corresponding author, e-mail: wahidullahwahdat002@gmail.com
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and "SME performance." The review focused on studies published between 2015
and 2025, incorporating seminal works where necessary. An initial pool of 85
articles was screened based on relevance, quality, and alighnment with the
research objectives, resulting in 45 core sources. Based on this synthesis, an
integrated conceptual framework was developed.

RESULTS

The proposed framework integrates financial, institutional, and innovation
perspectives to explain how innovation finance and venture capital strengthen
entrepreneurial ecosystems. Unlike previous studies, it demonstrates how
collaboration among investors, governments, universities, financial institutions,
and SMEs enhances innovation, competitiveness, and resilience. Specifically,
venture capital, angel investment, crowdfunding, and government innovation
funds support R&D, technology adoption, commercialization, and global
expansion, contributing to sustainable economic development.

DISCUSSION / POLICY IMPLICATIONS

The proposed framework offers practical guidance for policymakers, investors,
and financial institutions. Policies should encourage venture capital, strengthen
regulatory frameworks for alternative financing, expand public-private
partnerships, and improve SME access to finance. Collaboration among
universities, innovation hubs, and financial institutions should accelerate
knowledge commercialization. The framework also provides a foundation for
future empirical validation across different contexts.

CONCLUSION

This study develops an integrated conceptual framework explaining how
innovation finance and venture capital promote sustainable SME growth within
entrepreneurial ecosystems. The framework extends existing literature by
integrating financial, institutional, and innovation perspectives while providing
practical guidance for policymakers and a foundation for future empirical
research.

KEYWORDS
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INTRODUCTION

Microfinance institutions (MFIs) play a vital role in promoting financial inclusion,
entrepreneurship, and sustainable economic development (Anthanasius &
Opperman, 2023). Their effectiveness depends on institutional capacity to achieve
financial sustainability while expanding outreach (Rallens, 2006). This study
examines how institutional factors influence MFI performance in India and
Afghanistan and explores the implications of improved financial sustainability and
outreach for inclusive innovation within different socioeconomic and regulatory
environments.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Previous studies identify institutional efficiency, governance, portfolio quality, and
operational scale as key determinants of MFI performance (Mersland & @ystein
Strgm, 2009; Uddin, 2024). Sustainable MFIs expand access to finance, encourage
entrepreneurial activity, and strengthen inclusive economic growth (Anthanasius
& Opperman, 2023). However, comparative evidence between India and
Afghanistan remains limited, particularly regarding how institutional
characteristics effect the sustainability of microfinance institutions.

METHODOLOGY

The study employs a balanced panel dataset of ten MFIs (five from India and five
from Afghanistan) covering FY2015-16 to FY2024-25. Financial sustainability is
measured by Return on Assets (ROA), while outreach is measured by the number
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of active borrowers. Panel regression techniques, including Fixed Effects, Random
Effects, and the Hausman test, are applied using Stata 19.

RESULTS

The financial sustainability model indicates that branch network expansion has a
positive and statistically significant effect (B = 0.521, p < 0.001), while operating
expenses exert a significant negative effect (B = -0.013, p < 0.001). Gross loan
portfolio and institutional income show positive but statistically insignificant
relationships. The outreach model further demonstrates that branch network
expansion and gross loan portfolio significantly increase the number of active
borrowers, highlighting the importance of institutional capacity in expanding
financial inclusion. Furthermore, the negative and significant country effect for
Afghanistan (B = -1.322, p < 0.001) suggests comparatively weaker institutional
performance than Indian MFls.

DISCUSSION / POLICY IMPLICATIONS

The findings suggest that strengthening institutional capacity enhances the
financial sustainability and outreach of microfinance institutions. As a policy
implication, improved outreach and access to finance can support inclusive
innovation by enabling underserved populations and entrepreneurs to participate
more effectively in economic activities. Policymakers should prioritize sound
governance, operational efficiency, and supportive regulatory frameworks to
strengthen MFI resilience, expand financial inclusion, and promote inclusive
economic development, particularly in fragile economies.

CONCLUSION

Institutional capacity is a key driver of financial sustainability and outreach in
microfinance institutions. Strengthening governance, improving operational
efficiency, and expanding financial access can enhance financial inclusion and
contribute to inclusive innovation by supporting entrepreneurship and economic
participation among underserved populations. The study provides comparative
evidence from India and Afghanistan that can inform policymakers and
practitioners in designing sustainable microfinance strategies, particularly in
developing and fragile economies.
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INTRODUCTION

Entrepreneurship plays an important role in economic development, innovation,
and employment creation (Shane et al., 2003). In transition economies such as
Serbia, individuals often prefer employment in existing organizations rather than
self-employment (Stefanovic¢ et al., 2010). Therefore, understanding motivational
factors that influence entrepreneurial intentions is essential for encouraging
entrepreneurial activity and sustainable economic growth (Shane et al., 2003).

LITERATURE REVIEW / THEORETICAL BACKGROUND

Entrepreneurial motivation has been examined through theoretical perspectives
emphasizing both personal and environmental determinants (Carsrud &
Brannback, 2011). Previous studies identify financial motives, professional
development, autonomy, social support, personal achievement, and fear of failure
as important drivers of entrepreneurial behavior (Al-Mamary & Alshallaqgi, 2022;
Brandle & Kuckertz, 2023; Burlea-Schiopoiu & Popovici, 2024; Hoogendoorn et al.,
2024; McClelland, 1961; Morris et al., 2024). Entrepreneurial intentions are
considered a precursor to entrepreneurial activity and are shaped by a
combination of motivational, psychological, and contextual factors (Shane et al.,
2003).
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METHODOLOGY

The empirical study was conducted using an online questionnaire administered to
81 respondents in the Republic of Serbia. Entrepreneurial intentions were
analyzed in relation to six motivational factors: financial factors, professional
development, autonomy and control, social factors, personal motivation and
achievement, and fear of failure and obstacles. Spearman correlation analysis and
multiple linear regression analysis were applied to examine relationships and
predictive effects.

RESULTS

The findings reveal that five of the six examined motivational factors are positively
and significantly related to entrepreneurial intentions. The strongest correlations
were identified for personal motivation and achievement, financial factors, and
professional development. Regression analysis demonstrated that financial
factors, professional development, and fear of failure are statistically significant
predictors. The final model explained 42% of the variance in entrepreneurial
intentions.

DISCUSSION / POLICY IMPLICATIONS

The findings emphasize the importance of motivational determinants in shaping
entrepreneurial intentions. Financial motives and opportunities for professional
development appear to exert the strongest influence on entrepreneurial
aspirations. These results suggest that entrepreneurship-support policies should
prioritize educational initiatives, competency development programs, and
institutional mechanisms aimed at strengthening entrepreneurial capabilities and
encouraging business creation (Sun et al., 2023).

CONCLUSION

The study confirms the relevance of motivational factors in explaining
entrepreneurial intentions within the Serbian context. Financial factors and
professional development emerged as the most influential predictors, whereas
social factors did not exhibit statistical significance. The findings contribute to the
existing body of entrepreneurship research and provide practical implications for
policymakers and institutions seeking to foster entrepreneurial development in
transition economies.
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INTRODUCTION

Family medicine (FM) represents a central component of primary health care
(PHC) and the first point of contact between patients and the health system. The
Republic of Srpska is a particularly relevant context for studying health care
entrepreneurship in FM, as it is a privately owned FM that has developed through
a slow, cautious transition, with limited entrepreneurial initiative among FMDs
and the gradual creation of conditions for small-scale health care
entrepreneurship.

LITERATURE REVIEW / THEORETICAL BACKGROUND

European health system reforms increasingly emphasize efficiency, managerial
autonomy and market-oriented mechanisms (OECD, 1992; Osborne & Gaebler,
1992; Saltman & Durdn, 2016; Saltman & Figueras, 1997). In PHC, these reforms
included new organizational models, contracting, patient choice, performance
measurement, and a stronger role for family medicine doctors (FMDs), often
through self-employment and entrepreneurial models (Boerma & Fleming, 1998;
Saltman et al., 2006; Sheaff et al., 2006; Weiner et al., 2002). The study is based
on push-pull theory, where push factors refer to work-related constraints, while
pull factors reflect the attractiveness of private practice (Lee, 1966). Push—pull
theory is well suited to analyzing entrepreneurial decisions in family medicine, as
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it encompasses both the pressures that may drive physicians away from public-
sector employment and the perceived benefits that attract them to private
practice. Factors such as workload, time pressure, administrative demands,
limited professional autonomy, inadequate recognition and burnout may function
as push factors. In contrast, greater autonomy, improved work organization, more
time for patients and enhanced opportunities for professional development may
serve as pull factors towards self-employment or private practice.

METHODOLOGY

A qualitative design was applied. Data were collected through semi-structured
interviews with 14 respondents from FM and private health care practice:
employed FMDS, self-employed FMDs and owners of private health care
institutions. This enabled comparison of employee, independent practice and
managerial perspectives. Interviews were analyzed using thematic analysis, which
allows systematic identification, coding, and interpretation of patterns in
qualitative data (Braun & Clarke, 2006, 2022). Purposive sampling was used to
select participants with relevant experience in employment, self-employment, or
ownership within family medicine and private health care practice. This approach
facilitated comparison among employee, independent practice, and managerial
perspectives.

RESULTS

Findings show that entry into private FM is shaped by professional, organizational,
economic and personal factors, not only income. Push factors include workload,
time pressure, administrative demands, limited autonomy, poor recognition, and
burnout. Pull factors include autonomy, better organization, time for patients and
development. Employed FMDs value security without ownership risk; self-
employed gain autonomy but face risk; owners stress regulation, contracts and
sustainability.

DISCUSSION / POLICY IMPLICATIONS

The study shows that health care entrepreneurship also involves organizational
and professional innovation, not just technological innovation. Family physicians
employed in the public sector experience significant workload pressures,
constrained professional autonomy and inadequate recognition. These factors
may encourage a transition to private practice. Nevertheless, the expansion of
private family medicine introduces governance challenges related to regulation,
contracting and long-term sustainability. Policy should address professional
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autonomy, workload, recognition, and support for group practice models, while
ensuring that private provision is aligned with equity, quality, and continuity of
care (André & Hermann, 2009; Saltman, 2003; Clarke et al., 2024; Muschell, 1996;
WHO, 2020).

CONCLUSION

Private family medicine in the Republic of Srpska reflects different experiences:
employment without ownership risk; self-employment with autonomy and
uncertainty; and institutional entrepreneurship shaped by regulation, contracts,
and sustainability. Motives go beyond income and include autonomy, better work
organization and patient relationships. Policy should support clearer regulation,
transparent contracting, and the integration of private providers and group
practice models to balance autonomy, accountability, and continuity of care.
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INTRODUCTION

Youth aged 15-29 in North Macedonia experience varying degrees of labour-
market vulnerability. This paper examines the extent to which human capital
deficits linked to education, certification, skills-job mismatch and access to
finances, constrain the entrepreneurial potential of youth in Bitola, based on an
empirical sample, and identifies policy instruments capable of addressing them,
with particular attention to disparities affecting Roma youth as a vulnerable
category.

LITERATURE REVIEW / THEORETICAL BACKGROUND

OECD (2024) and ETF (2021) report Western Balkan youth NEET (Not in
Employment, Education or Training) rates of approximately 25%, and a vertical
skills mismatch, i.e. a discrepancy between workers' qualification levels and job
requirements, of 13.2% in North Macedonia. Human capital theory (Becker, 1975;
Heckman, 2006) and entrepreneurial-ecosystem theory (lsenberg, 2010; GEM,
2022) frame entrepreneurship as a corrective mechanism - a gap this study
addresses empirically at a municipal level.
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METHODOLOGY

A mixed-methods design was applied in this research - a structured survey
(N=668, or approximately 5% of Bitola's youth aged 15-29, including Roma and
other vulnerable categories) with a moderated focus group (19 participants). It
assesses human capital barriers and constructs a composite entrepreneurial-
potential index (0-1), grounded in psychological capital theory (Luthans et al.,
2015), from entrepreneurship-training interest, career-path clarity, self-efficacy
and optimism.

RESULTS

Empirical findings link human capital deficits to entrepreneurial potential - the
index averages 0.70 for certificate-holders vs 0.63 for those without and 0.52 for
poorly prepared by education (57.5% and 17.7% of the sample), consistent with
the national vertical skills mismatch. Roma score lower overall (0.60) vs
Macedonian majority (0.69). NEET rises from 1.9% (15-19) to 31.5% (25-29). 41.5%
cite financial support as a need, vs 61.8% among Roma, echoing long-term
patterns (UNDP et al., 2017).

DISCUSSION / POLICY IMPLICATIONS

The rise in NEET rates with age suggests barriers, not diminishing ambition - failed
job searches and, for some Roma youth, family duties may compound over time.
Roma youth score 0.09 lower than the majority on the entrepreneurial-potential
index (0-1 scale), yet about 31% higher in citing financial need, more reflecting
poverty than business capital specifically; combined with regional credit
constraints on youth SMEs (OECD, 2026), the policy should pair certification with
basic economic security.

CONCLUSION

Human capital barriers, not a lack of ambition, account for the weaker
entrepreneurial potential among the sampled youth in Bitola, particularly Roma
and those transitioning into NEET status. Since attitudes differ little between
sample's strata while financial security differs sharply, pairing certification with
poverty-reduction measures, particularly among Roma, may free this latent
potential for enterprise. These case-study findings can inform inclusive
entrepreneurship policy more broadly.
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INTRODUCTION

Development of the youth entrepreneurial capacity is vastly hindered by their
vulnerability as a multidimensional challenge that cannot be perceived as an
isolated economic problem, but also encompasses social exclusion, spatial
barriers, systemic discrimination, and psycho-emotional conditions. While
conventional entrepreneurship policies focus on technical training and financial
instruments, they often overlook how entrenched structural disadvantages
constrain individual agency, risk-taking propensity, and opportunity recognition
among young individuals. Capturing the multidimensional nature of youth
vulnerability is therefore essential for identifying systemic barriers to enterprise
creation and for designing more inclusive and resilient entrepreneurial
ecosystems.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Contemporary research conceptualizes vulnerability asa cumulative effect of
interconnected economic, social, spatial, and psycho-emotional deprivations
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(Moro et al., 2021; Redmond et al., 2024). Within the entrepreneurship literature,
these non-material and institutional barriers are increasingly recognized as
primary deterrents that impede entrepreneurial self-efficacy, risk readiness, and
innovation potential (Mensah & Dadzie, 2020; Ofosu-Appiah et al., 2025). Chronic
disengagement and social exclusion not only restrict access to resource-bearing
networks but also heighten psycho-emotional strain, diminishing proactive
entrepreneurial behavior (Assmann & Broschinski, 2021; Fillia et al., 2025).
Despite growing international interest in holistic youth welfare, empirical research
in transitional economies still lacks standardized measurement tools to assess
how these multifaceted vulnerabilities directly constrain entrepreneurial
inclusion.

METHODOLOGY

The paper is based on quantitative research conducted on a representative
sample of 2300 youth in 5 municipalities in North Macedonia, evaluated by the
five separate aspects of vulnerability, such as economic and housing, institutional
and social, spatial, psycho-emotional, and community risks. Based on the
collected primary data, descriptive and statistical analyses are used for evaluating
the indicator distributions and identify specific channels through which
socioeconomic and psycho-emotional constraints translate into structural barriers
to youth entrepreneurial capacity.

RESULTS

The primary results demonstrate that despite visible stability in basic indicators,
such as 93% of youth living in their own house and 87% with health insurance,
deep structural vulnerabilities severely limit entrepreneurial capacity.
Economically, 66% of youth deeply depend on family financial support, 78%
cannot cover unexpected emergency costs, directly restricting discretionary
capital accumulation, startup funding, and tolerance for financial risk.
Institutionally, high social passivity and institutional disengagement restrict access
to business networks, mentorship, and support infrastructure. Furthermore,
significant psycho-emotional strain, with 25% reporting severe stress,
compromises entrepreneurial confidence and decision-making under uncertainty.
These empirical findings demonstrate that youth entrepreneurial inactivity in
North Macedonia is structurally rooted in risk aversion, limited social capital, and
emotional distress rather than mere lack of business interest.
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DISCUSSION / POLICY IMPLICATIONS

The results underline the necessity of shifting entrepreneurship policy from
narrow microfinance and basic business training toward multidimensional support
frameworks. Because family dependency and inability to absorb economic shocks
severely limit risk readiness, enterprise-support interventions must integrate
initial safety nets, micro-grants, and subsidized incubation. Furthermore,
overcoming high institutional passivity and mental distress requires embedding
psycho-social support, active mentoring networks, and digital skills development
into local entrepreneurial ecosystems. Addressing these structural and non-
material vulnerabilities is a prerequisite for enabling marginalized young people to
convert potential into sustainable entrepreneurial ventures.

CONCLUSION

This study provides robust empirical evidence confirming that multidimensional
youth vulnerability, particularly financial dependency, institutional isolation, and
psycho-emotional distress, constitutes a formidable structural barrier to
entrepreneurial capacity. By establishing a validated multidimensional assessment
framework, the paper bridges the empirical gap between social vulnerability
research and entrepreneurship studies. It offers strategic insights for policymakers
to design targeted interventions that strengthen the inclusivity and effectiveness
of youth entrepreneurial ecosystems.
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INTRODUCTION

Women’s entrepreneurship supports inclusive growth, innovation and
employment, while education can strengthen the capabilities needed to recognise
opportunities and develop sustainable ventures. Yet women’s entrepreneurial
outcomes remain shaped by gendered financial, social and institutional
constraints. This study maps the field’s growth and structure, identifies future
directions and examines how influential studies conceptualise education.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Research links entrepreneurship education to entrepreneurial intentions, self-
efficacy and perceived behavioural control, but its effects are often indirect, skill-
specific and context-dependent (Nowinski et al., 2019; Westhead & Solesvik,
2016). Reviews further emphasise human and social capital, finance, networks
and institutions, while evidence remains concentrated on intention rather than
venture entry, performance or empowerment (Cardella et al., 2020; Lee et al.,
2024).

METHODOLOGY

A Web of Science Core Collection topic search combining terms for women’s
entrepreneurship with education, training, financial literacy, mentoring, skills and
support retrieved 623 English-language articles and reviews published in 2016—
2025. Bibliometric performance and science-mapping analyses in R using
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Bibliometrix/Biblioshiny covered production, citations, sources, authorship,
collaboration and themes. The ten most globally cited documents underwent
structured qualitative analysis.

RESULTS

Publications rose from 26 in 2016 to 115 in 2025, with 17.96% annual growth. The
623 documents in 331 sources received 10,289 citations. The International Journal
of Gender and Entrepreneurship led output, while the USA had the highest total
number of citations. Four clusters covered intentions and education, gendered
capabilities, ecosystems and support, and venture outcomes. The ten-paper
synthesis found context-dependent, capability-mediated effects and limited
evidence on realised outcomes.

DISCUSSION / POLICY IMPLICATIONS

Entrepreneurship education should not be reduced to course exposure. lIts
contribution appears strongest when programmes develop self-efficacy,
perceived control, planning, resource marshalling and opportunity recognition.
Effects vary with curriculum and social, institutional and national contexts.
Universities and policymakers should combine practical, gender-responsive
education with mentoring, networks, role models, financial access and wider
ecosystem support.

CONCLUSION

Research on women’s entrepreneurship and education is expanding rapidly but
remains dispersed and more developed for intentions and perceived capabilities
than for realised outcomes. Bibliometric mapping and qualitative synthesis
support a capability- and ecosystem-based perspective. Future systematic reviews
should assess how education, training and support interventions affect venture
creation, survival, performance, resilience and economic empowerment.
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INTRODUCTION

The role of women entrepreneurs is becoming increasingly relevant in the modern
world economic system; however, they tend to be underrepresented in high-
potential growth-oriented industries, which require innovative thinking (Strawser
et al., 2021). Numerous women-owned businesses still experience a lack of access
to networks, mentoring services, and investment funds, which hinders innovation
capabilities (Brush et al., 2019; Olsson & Bernhard, 2021). Considering the role of
knowledge in fostering innovative activities (Nonaka, 1994; Audretsch et al.,
2020), it is crucial to investigate how a systemic approach to managing knowledge
could help to address innovation limitations associated with knowledge. In spite
of that, this link is rarely addressed in current research. In order to integrate the
fields of gender, entrepreneurship, innovation, and knowledge management into
one conceptual model, researchers have recently urged to develop conceptual
frameworks for such an approach (Henry et al., 2021; Paoloni et al., 2020; Mari et
al.,, 2024). The present paper seeks to respond to this research agenda by
suggesting a conceptual framework based on knowledge acquisition, sharing,
storage, and application processes.

1 Corresponding author, e-mail: kagoraki@unipi.gr
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LITERATURE REVIEW / THEORETICAL BACKGROUND

Prior research shows that knowledge management supports firms’ innovativeness
and performance (Darroch, 2005; Du Plessis, 2007; Audretsch et al., 2020), with
knowledge acquisition, sharing, storage, and application constituting its core
processes (Nonaka, 1994; Gold et al., 2001). Research on women’s
entrepreneurship indicates that women entrepreneurs face knowledge-based and
network barriers — limited networking capacity and restricted entry into
technology-intensive sectors — that hinder opportunity recognition and innovation
(Brush et al., 2019; Strawser et al., 2021) and contribute to the innovation gender
gap (Huang et al., 2022). Digital communities and women-specific networks offer
alternative knowledge sources that can help overcome these obstacles (McAdam
et al.,, 2020; Olsson & Bernhard, 2021; Kelly & McAdam, 2022; Lemaire et al.,
2023). Nevertheless, the relationship between knowledge management processes
and innovation among women entrepreneurs remains theoretically fragmented
and empirically untested, motivating the proposed framework.

METHODOLOGY

This is a conceptual, theory-development study following an abductive approach,
iterating between existing theory and patterns observed in the literature. The
framework was developed in three steps. First, we conducted a targeted review of
peer-reviewed articles across three literature streams — knowledge management,
strategic management (particularly the knowledge-based view and dynamic
capabilities), and women’s entrepreneurship — selecting studies that address
knowledge processes, innovation, or gender-specific entrepreneurial constraints.
Second, the selected literature was thematically synthesized to identify the key
constructs: the four knowledge management processes (acquisition, sharing,
storage, application), knowledge-based capital (human, social, and
organizational), dynamic capabilities, and innovation outcomes. Third, through
abductive reasoning we linked these constructs into an integrated framework
specifying how coordinated knowledge management processes convert
knowledge-based assets into dynamic capabilities that enable innovation in
women-led ventures (Nonaka, 1994; Paoloni et al., 2020; Henry et al., 2021).

RESULTS

According to the proposed model, successful coordination of knowledge
management processes in women-led enterprises generates important
knowledge-based capital through various dimensions, including human, social,
and organizational aspects, thus ensuring dynamic capabilities, for example,
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flexible opportunity identification and resource reallocation. For example,
knowledge sharing practices result in the development of the knowledge culture
(Kelly & McAdam, 2022; Olsson & Bernhard, 2021), and institutional memory is
maintained by means of codifying the knowledge accumulated. Thus, through the
integration of different sources of knowledge and its innovative use, female-led
organizations may implement continuous innovations. In such a way, all these
knowledge management processes lead to an innovative capability, which allows
the organizations headed by women to gain competitive advantage even amid
resource scarcity (Audretsch et al., 2020; Huang et al., 2022).

DISCUSSION / POLICY IMPLICATIONS

Theoretically, the framework conceptualizes knowledge management as an
integrated capability of interconnected processes rather than a set of isolated
activities, explaining why their systematic coordination raises innovativeness
among women entrepreneurs facing resource and institutional constraints
(Audretsch et al.,, 2020; Paoloni et al., 2020). It thereby advances
entrepreneurship and innovation theory by positioning knowledge management
as a driver of adaptability and resilience. From a policy perspective, support for
women entrepreneurs should extend beyond financial instruments to
interventions that build knowledge management capabilities, such as training,
mentoring, and network development.

CONCLUSION

This conceptual study proposes a framework explaining how the integrated
management of knowledge acquisition, sharing, storage, and application
enhances innovation in women-led ventures. Future empirical research could
validate the model by operationalizing its constructs through established scales
and testing the hypothesized chain — from knowledge management processes
through knowledge-based capital and dynamic capabilities to innovation — using
survey-based structural equation modeling, complemented by comparative case
studies of women-led ventures across diverse entrepreneurial and institutional
contexts.

KEYWORDS

Women entrepreneurs, innovation, knowledge management, knowledge
management processes, women entrepreneurship
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INTRODUCTION

Digitalisation is a key driver of competitiveness in the SME sector (OECD, 2021;
Bianchini & Lasheras Sancho, 2025), where family firms play a significant role.
Business process innovation (BPIl) is increasingly recognised as a mechanism
supporting organisational adaptation and long-term development. However, its
role in fostering entrepreneurial behaviour within family firms remains
insufficiently explored, particularly in transition economies such as Serbia. While
previous research has predominantly examined entrepreneurship as an
antecedent of innovation, this study proposes the reverse perspective, arguing
that digitalisation-driven BPI may stimulate entrepreneurial behaviour through
the lens of generational dynamics in family firm management.

LITERATURE REVIEW / THEORETICAL BACKGROUND

According to the Oslo Manual (OECD/Eurostat, 2018), business process innovation
(BPI) supports organisational adaptation and development. In family firms,
innovation is shaped by the ability - willingness paradox, as concerns related to
preserving control may limit innovation potential (Rondi et al.,, 2019). Digital
transformation influences entrepreneurial practices (Corvello et al., 2022), while
family beliefs and generational dynamics shape innovation choices and readiness

1 Corresponding author, e-mail: marija.mosurovic@ien.bg.ac.rs
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for change (Manzano-Garcia et al., 2023). Evidence from literature highlights the
relevance of BPI and generational factors in family firm innovation (Paunovié et
al., 2023; Urbanikovd et al., 2020), providing a basis for examining how
digitalisation-driven BPI influences entrepreneurial behaviour in Serbian family
SMEs.

METHODOLOGY

The study adopts a conceptual, literature-based design integrating research on
business process innovation, digital transformation and family firms. Based on the
identified theoretical relationships, it develops an analytical framework for future
empirical research on how digitalisation-driven BPI may influence entrepreneurial
behaviour in Serbian family SMEs. The framework focuses on three dimensions:
business process innovation, digital transformation and generational dynamics,
and formulates propositions for future empirical testing.

RESULTS

The principal outcome of the study is an analytical framework that explains the
mechanisms through which digitalisation-driven business process innovation may
foster entrepreneurial behaviour in Serbian family SMEs. The framework
integrates technological, organisational and generational dimensions, suggesting
that generational dynamics may influence the extent to which BPI translates into
entrepreneurial renewal. It further formulates testable propositions for future
empirical research on the relationship between digitalisation, BPI and
entrepreneurial behaviour in family firms.

DISCUSSION / POLICY IMPLICATIONS

The proposed framework highlights BPI and digitalisation as potential drivers of
entrepreneurial renewal in family SMEs. It suggests that support measures should
combine digital skills development, advisory services and financial instruments
while recognising differences among generations involved in family firm
management. Intergenerational leadership transitions may represent strategic
opportunities for encouraging business process innovation and digital
transformation.

CONCLUSION

This study provides an analytical perspective on the relationship between
digitalisation-driven BPI and entrepreneurial behaviour in Serbian family SMEs. By
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proposing business process innovation as a potential driver of entrepreneurial
behaviour and incorporating generational dynamics, it extends current
understanding of entrepreneurial renewal in family firms operating in transition
economies. Future empirical research should validate the proposed relationships
and examine their applicability in different institutional contexts.

KEYWORDS

Business process innovation, entrepreneurship, family firms, digitalisation,
generational dynamics
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INTRODUCTION

The wine sector faces climate variability, labor scarcity, input-cost volatility and
stronger demands for traceability, sustainability and consistent quality. Artificial
intelligence (Al) and the Internet of Things (10T) can respond to these pressures by
transforming vineyard, cellar and market data into operational and strategic
decisions. However, their value is not merely technical. For innovation
management, the key issue is how Al and loT reshape the business model of wine
production: how value is proposed to customers, created across vineyard and
winery processes, delivered through trusted digital evidence, and captured
through cost reduction, premium positioning, lower risk and new service-based
revenues. This extended abstract proposes an integrated Al-loT framework for
wine producers, technically grounded but centered on business model
transformation.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Precision viticulture studies (Pero et al., 2024; Hnatiuc et al., 2025; Stojanova et
al., 2025) confirm field-level technical feasibility but remain confined to individual
production stages. Cellar monitoring research (Kontogiannis et al., 2025) extends
feasibility to post-harvest processes yet similarly stops short of the full value
chain. Supply-chain and quality-control integration studies (Adamashvili et al.,
2024; Izquierdo-Bueno et al., 2024) extend the scope beyond the winery. Drawing
on Teece's (2010) business model framework, subsequent adoption research
(Kasimati et al., 2024; Marolla et al., 2025; Ingrassia et al., 2026) shows that
organisational readiness, digital culture and value capture, not technical

1 Corresponding author, e-mail: jml@ispgaya.pt
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sophistication, determine implementation success. The absence of an integrated
framework linking technical capabilities to business model transformation across
the full wine production chain motivates this study.

METHODOLOGY

This study follows a conceptual framework-development design. A systematic
literature search (April-June 2026) in IEEE Xplore, MDPI and related databases
identified 11 empirical studies organised into four clusters. Using abductive logic,
cluster evidence was translated into a four-phase innovation-management
methodology: (1) Al-loT opportunity mapping into wine-sector use cases from
vineyard monitoring to customer-facing traceability, (2) business model design
defining value proposition, creation, delivery and capture across three adoption
paths, internal optimisation, quality and sustainability differentiation, and
platform-based services, (3) technical integration specifying a modular sensor-
cloud-Al architecture, and (4) validation through KPls linking technical
performance to business outcomes. Winery pilot studies are proposed as the next
step for empirical validation.

RESULTS

The framework vyields five conceptual outputs: a reference model integrating
vineyard, cellar and supply-chain data into a single decision layer; a business
model canvas for smart wine production structured around sustainability, quality
assurance, traceability and resilience; a KPI set converting technical performance
into managerial evidence; a staged adoption roadmap for SME wineries, from
low-cost monitoring to predictive analytics; and a value-capture logic combining
production savings, premium positioning and advisory services. These are
conceptual propositions, not empirically verified findings. Existing literature
provides indirect support through sensor-based water management (Finco et al.,
2022), sustainability gains (Kasimati et al., 2024) and Al as an emerging innovation
capability (Marolla et al., 2025; Ingrassia et al., 2026).

DISCUSSION / POLICY IMPLICATIONS

Al and IoT should not be introduced as isolated tools but as components of a
business model for innovation. For individual wineries, the entry point is the
specific economic problem, water scarcity, disease risk, fermentation variability,
labour constraints, certification pressure or market differentiation — rather than
technology itself. For cooperatives and regional clusters, the opportunity lies in
shared infrastructure, common data standards and analytics-as-a-service models
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that lower adoption barriers. Policy should address not only technical but also
business model readiness, stakeholder alignment and sustainability contribution,
through pilot incentives, digital-skills training, interoperable data governance,
cybersecurity-by-design and multi-stakeholder living labs.

CONCLUSION

Al and loT can optimise wine production from vineyard to bottle, but their highest
strategic value lies in reshaping the business model rather than replacing
individual tools. The proposed conceptual framework integrates precision
viticulture, intelligent winery operations and data-driven market positioning
through three adoption paths: operational efficiency, quality and sustainability
differentiation, and platform-based services. It contributes a novel perspective
linking technical Al-loT capabilities to business model transformation in the wine
sector, an integration absent from existing literature. Future research should
validate the framework through winery pilots and quantify return on digital
investment across individual, cooperative and regional adoption scenarios.
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INTRODUCTION

Gender-inclusive innovation ecosystems are increasingly recognized as drivers of
sustainable economic development in transition economies. While gender-diverse
leadership has been associated with stronger strategic decision-making and
innovation, evidence from post-socialist contexts remains limited. This study
examines how female top management and firm size jointly influence firms'
innovation performance in North Macedonia.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Research suggests gender-diverse leadership enhances learning, strategic
decision-making, and innovation capacity, yet transition economies present
persistent institutional barriers for female-led firms. Building on Upper Echelons
Theory (Hambrick & Mason, 1984) and empirical evidence linking female
leadership to innovation (Torchia et al., 2011; Post & Byron, 2015), this study
examines whether female top management influences innovation performance in
North Macedonia and if firm size conditions it.

METHODOLOGY

The study uses pooled firm-level microdata from the World Bank Enterprise
Surveys for North Macedonia (2013, 2019, and 2023). A multiple logistic
regression model is estimated to examine whether the presence of a female top
manager is associated with the probability of introducing products or services that
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are new to the market. To capture whether the effect of female leadership varies
across organizational contexts, an interaction term between female top
management and firm size is included.

RESULTS

Female top management alone is not significantly associated with innovation
performance. However, the interaction between female leadership and firm size
is significant. Female-led small firms show substantially lower odds of introducing
market-novel products (OR=0.372; p=0.047), indicating that organizational scale
shapes the relationship between gender diversity and innovation.

DISCUSSION / POLICY IMPLICATIONS

The findings suggest that increasing female representation in leadership positions
alone may not be sufficient to improve innovation performance in transition
economies. Instead, the effectiveness of female leadership appears to depend on
the organizational resources available to firms. Policies should therefore
complement gender equality initiatives with targeted support for female-led SMEs
through improved access to finance, innovation funding, technology incubators
and business scaling opportunities.

CONCLUSION

Using pooled World Bank Enterprise Survey data, this study shows that the
relationship between female leadership and innovation depends on firm size.
While female-led firms demonstrate innovation potential, structural constraints
associated with smaller enterprises appear to limit the commercialization of
innovative products. Strengthening innovation ecosystems therefore requires
policies that support both women's leadership and enterprise growth.
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THE Al ADOPTION DIVIDE ACROSS EUROPEAN ENTERPRISES
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INTRODUCTION

Artificial intelligence (Al) is central to Europe’s digital transition, yet diffusion is
uneven across firms. In 2025, 19.95% of EU enterprises used Al; uptake was 17%
among small enterprises, 30.36% among medium enterprises and 55.03% among
large enterprises (Eurostat, 2026). This 38.03% gap between SMEs and large
enterprises may weaken inclusive innovation, productivity and competitive
convergence. The paper examines the adoption divide and its policy implications.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Al adoption depends on complementary resources, human skills and
organizational capabilities rather than technology alone (Mikalef & Gupta, 2021).
Al-readiness research emphasizes strategic alignment, resources, knowledge,
culture and data (Johnk et al., 2021). SME evidence similarly identifies a need for
policy support to close digital and skills gaps between smaller and larger firms
(OECD, 2025). The paper positions unequal Al diffusion as a capability-building
challenge.

METHODOLOGY

The study conducts a descriptive comparative secondary-data analysis of
Eurostat’s 2025 enterprise Al statistics, complemented by OECD and European
Commission policy documents (European Commission, 2026) and a targeted
literature review. RQ1 asks how Al adoption differs by firm size; RQ2 examines the
principal reported barriers; RQ3 identifies policy directions for inclusive diffusion.

1 Corresponding author, e-mail: martin.kiselicki@eccf.ukim.edu.mk
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Statistics are interpreted descriptively, while the literature and policy documents
are thematically coded.

RESULTS

A pronounced size gradient is observed: Al use among large enterprises (55.03%)
exceeds that of small firms (17%) by 38.03 percentage points; medium-firm
uptake is 30.36% (Eurostat, 2026). Among enterprises considering but not using
Al, leading reported barriers are lack of relevant expertise (70.89%), unclear legal
consequences (52.52%) and data-protection/privacy concerns (48.83%). The
results indicate a capability and governance gap.

DISCUSSION / POLICY IMPLICATIONS

The findings support an Inclusive Al Diffusion Framework combining: (1) targeted
Al and data-skills support; (2) accessible technical advisory services and digital
innovation hubs; (3) affordable access to cloud, data and testing infrastructure;
and (4) proportionate regulatory guidance. Policy should differentiate support by
firm size and capability, because uniform instruments may reinforce rather than
reduce the advantage of large enterprises.

CONCLUSION

The study documents a substantial enterprise-size divide in EU Al use and answers
RQ1 by quantifying the gap, RQ2 by identifying skills, legal clarity and privacy as
leading barriers, and RQ3 by proposing a differentiated policy framework. Al
diffusion should be treated as an innovation-system challenge: adoption must be
paired with capabilities, advisory support and proportionate governance to enable
SMEs to realize Al’s economic value.
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INTRODUCTION

Financial institutions invest heavily in digital innovation, yet implementation often
underperforms because technological adoption is not matched by organizational
execution capabilities. Unlike many other sectors, they work under strict
regulatory, cybersecurity, data-protection, governance, and operational-resilience
requirements that increase project complexity. This study examines project
maturity as an enabler of converting intrapreneurial ideas into implemented and
sustainable innovations.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Intrapreneurship explains internal idea generation (Pinchot, 1985), while the
resource-based view treats project capabilities as organizational resources
(Barney, 1991). Project maturity models formalize governance and continuous
improvement (Kerzner, 2019). Empirical research, however, reports context-
dependent links between maturity and performance, emphasizing organizational
culture and careful use of maturity assessments (Yazici, 2009; Brookes et al.,
2014).

METHODOLOGY

The review incorporates seminal foundations alongside key sources published
between 2009 and 2024. Evidence was organized around project outcomes,
governance, capabilities, and digital transformation. As the sources differ in scope

1 Corresponding author, e-mail:mila.despotoska@gmail.com
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and measurement and are mainly cross-industry, the study identifies associations
and implications for financial institutions rather than testing causal effects.

RESULTS

The synthesis shows that project maturity is plausibly associated with improved
execution, but the relationship is not uniform. PMI (2024) reports an 8.3
percentage-point performance advantage where organizations provide at least
three project-work enablers. McKinsey (2018) and the Standish Group (2020)
document low transformation and project success rates, while Yazici (2009) and
Brookes et al. (2014) indicate that culture, context, and model design condition
maturity outcomes.

DISCUSSION / POLICY IMPLICATIONS

For financial institutions, project maturity supports innovation through portfolio
selection, sponsorship, risk control, coordination, and learning. These capabilities
matter because innovation must comply with regulatory, cybersecurity, data-
protection, governance, and operational-resilience requirements. Failure creates
financial, compliance, reputational, and operational risks. Governance should
therefore reflect project uncertainty and regulatory exposure rather than impose
rigid procedures.

CONCLUSION

Project maturity should be viewed as an enabling, not restrictive, condition for
innovation implementation. The synthesis indicates that technology investment is
more likely to create value when supported by governance, capabilities, and
adaptive execution. Financial institutions should therefore develop maturity while
preserving flexibility for experimentation. Future research should test the
proposed relationships using institution-level survey or case-study data.

KEYWORDS
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INTRODUCTION

Artificial intelligence is transforming education and business, creating new
demands for workforce competencies. Recent analyses suggest that
competitiveness increasingly depends on critical thinking, adaptability and
continuous learning rather than on technological proficiency alone (World
Economic Forum, 2023). This paper examines how vocational students and
entrepreneurial firms perceive competencies relevant for participation in an Al-
driven economy.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Recent studies indicate that generative Al is reshaping workforce preparation and
organizational learning, requiring new digital, entrepreneurial and adaptive
competencies (OECD, 2026; Salam et al., 2026). Al literacy includes critical
evaluation and responsible use of technology (Ng et al., 2021), while
entrepreneurial competence frameworks emphasize initiative, creativity and
adaptability as drivers of innovation and competitiveness (Bacigalupo et al., 2016).

! Corresponding author, e-mail: dragana.buvac@gmail.com
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METHODOLOGY

This extended abstract presents selected findings from a broader doctoral study.
Quantitative data were collected from 650 vocational secondary school students
through a structured questionnaire and analyzed using descriptive statistics,
Pearson correlations and multiple regression. Qualitative evidence was obtained
from 27 owners, directors and managers of entrepreneurial firms through a short
guestionnaire, open questions and semi-structured interviews, and analyzed
thematically.

RESULTS

Students perceive Al as supporting faster feedback (M=3.85), data analysis and
innovation (M=3.43), idea generation (M=3.38), and practical skills (M=3.31),
while noting overreliance risk (M=3.57). Regression showed competency
development (B=.587) and personalized learning (B=.233) predict perceived labor-
market alignment. Surveyed employers emphasize critical thinking, problem
solving, adaptability, data interpretation, continuous learning and practical
experience in Al-shaped work contexts.

DISCUSSION / POLICY IMPLICATIONS

The results suggest that students perceive Al’s value primarily through its support
for transferable competencies relevant across school and work contexts. Surveyed
entrepreneurs similarly emphasize practical application, critical judgment and
continuous learning. Consistent with recent discussions on digital transformation
and human capital development (OECD, 2026; Salam et al., 2026), policy
initiatives should strengthen Al literacy, workforce competencies and school—firm
cooperation.

CONCLUSION

Both vocational students and entrepreneurial firms recognize the importance of
competencies that enable individuals to use Al critically, creatively and
responsibly. The findings suggest that the development of such competencies may
support workforce preparedness and innovation capacity. Effective Al integration
should therefore be understood not only as a technological issue, but also as a
strategic challenge of human capital development and cooperation between
education and business.
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INTRODUCTION

Foreign direct investment (FDI) is a key driver of innovation, organizational
transformation and competitiveness. However, the benefits of FDI depend on
organizations' ability to transform transferred knowledge and corporate practices
into organizational capabilities. This study examines how Strategic Human
Resource Management (SHRM), organizational culture and organizational ethics
interact to support the development of organizational capabilities in FDI
companies operating in the transition economy of the Republic of North
Macedonia.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The existing literature recognizes FDI as a source of knowledge transfer and
organizational development (Dunning, 1993; Wang & Blomstrom, 1992), while

1 Corresponding author, e-mail: mborota@isppi.ukim.edu.mk
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SHRM, organizational culture and organizational ethics are acknowledged as key
organizational mechanisms supporting organizational effectiveness (Paauwe &
Boon, 2009; Chatman & O'Reilly, 2016; Roy et al.,, 2024). However, limited
attention has been given to how these mechanisms interact in transforming FDI
spillover effects into organizational capabilities, particularly in transition
economies. This study addresses this gap by examining how the interaction of
these organizational mechanisms contributes to the development of
organizational capabilities in FDI companies operating in North Macedonia.

METHODOLOGY

The study applies a qualitative research design based on semi-structured
interviews conducted over a six-month period in 2025. Primary data were
collected through semi-structured interviews using purposive sampling with HR
managers from five FDI companies (three service and two manufacturing
companies) and representatives of three business chambers, including two
national chambers and one representing foreign investors, thereby capturing both
organizational and institutional perspectives. Secondary data from the National
Bank, the Central Registry and the State Statistical Office were used to provide
contextual information. The collected data were analyzed using thematic analysis
to identify recurring themes and patterns related to organizational capabilities,
SHRM, organizational culture and organizational ethics.

RESULTS

The analysis revealed a consistent organizational pattern across all three
dimensions examined. Rather than applying corporate policies uniformly, FDI
companies continuously align global corporate standards with the local
institutional and business context. This dynamic alignment was evident in HR
management practices, organizational culture and organizational ethics, where
corporate frameworks provided consistency while local organizations adapted
their implementation. The findings indicate that this pattern reflects a hybrid
governance approach through which organizational capabilities are developed.
Within this framework, SHRM, organizational culture and organizational ethics
operate as complementary organizational mechanisms that embed FDI spillover
effects into the local organizational context, thereby supporting the development
of organizational capabilities.
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DISCUSSION / POLICY IMPLICATIONS

These findings are consistent with previous research on international HRM
(Collings et al., 2007; Cooke et al., 2020; Farndale et al., 2017), while extending
these perspectives by showing that organizational capabilities are strengthened
through the continuous alignment of corporate standards with local contexts.
Consistent with Jiang and Messersmith (2018), Schein and Schein (2021), and
Martin and Cullen (2006), the findings demonstrate that SHRM, organizational
culture and organizational ethics jointly operate within a hybrid governance
approach that supports the development of organizational capabilities. The
findings also have practical implications for FDI companies. They suggest
reinforcing the strategic role of HR, organizational culture and ethical practices to
support the effective adaptation of global corporate standards to local conditions.
Such an approach can strengthen organizational trust, employee integration and
the consistent implementation of corporate policies.

CONCLUSION

This study advances the literature on FDI, strategic human resource management
and organizational capabilities by demonstrating that organizational capabilities
are developed through the continuous alignment of global corporate standards
with local institutional and organizational contexts, rather than through the
transfer of corporate practices alone. By integrating SHRM, organizational culture
and organizational ethics within a single analytical framework, the study provides
a more comprehensive explanation of how organizational capabilities are
developed in FDI companies operating in transition economies. These findings
offer both theoretical and practical insights for multinational companies seeking
to balance global consistency with local responsiveness.
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CONFIGURATIONAL CONDITIONS OF COMMUNICATION AND
STRESSORS AS DETERMINANTS OF EMPLOYEE CHANGE
READINESS

Matea Cvjetkovié!
Institute of Public Finance, Zagreb, Croatia

INTRODUCTION

Employees in small and medium-sized enterprises (SMEs) often work under high
work demands, which is especially pronounced during organizational change
(Oreg et al., 2011). This can lead to stress, and to change resistance that can slow
down the change acceptance process. But even though it is commonly believed
that stress constrains the change implementation, several studies have found that
in certain situations it can also be a motivator for better performance (Cavanaugh
et al., 2000). Understanding these nuances is important for SMEs because they
operate with limited resources and under informal internal practices.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The study is based on the premises of Conservation of Resources (COR) theory
(Hobfoll, 1989) that observes internal communication as organizational resource.
It serves as a motivator during the change processes. To complement the
theoretical lens, the challenge-hindrance stressor framework (Cavanaugh et al.,
2000) helps explain the way work stressors can positively mobilize change
readiness.

METHODOLOGY

The study was based on data collected from 454 Croatian SME employees. It
examined four conditions: two communication resources (Tkalac Verci¢ et al.,,
2009; Sun et al., 2023) and two workplace stressors (Misra & Stokols, 2012; Burr
et al., 2019). The outcome variable was readiness for change (Bouckenooghe et
al., 2009). Data were analyzed using Fuzzy-set Qualitative Comparative Analysis
(fsQCA) (Cangialosi, 2023) and Necessary Condition Analysis (NCA) (Dul, 2016).
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RESULTS

Results showed that several pathways lead to high readiness for change,
identifying communication resources as necessary, but not sufficient. Stressors
were identified as contributing elements, which is consistent with the challenge-
hindrance stressor framework.

DISCUSSION / POLICY IMPLICATIONS

Internal communication resources proved to be an important element of
employee change readiness, which contributes to organizational and change
management theories. In addition, the study showed that workplace stressors do
not necessarily lead to change resistance. Employees in SMEs can be ready to
change in high-demanding work environments, provided they have adequate
resources and support.

CONCLUSION

In the contemporary workplace, communication resources and stressors interact
in multiple ways. By investing in high quality internal communication, SMEs can
prepare their employees to better handle and accept change. Future studies are
encouraged to examine these effects through longitudinal research and extend
the sample to include larger companies and public sector contexts.
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SURVIVING THE PAST IS NOT ENOUGH: A PILOT STUDY OF
HISTORICAL THREATS AND EXPECTED LONGEVITY AMONG
CZECH CENTENARIAN FIRMS
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INTRODUCTION

Centenarian firms offer a rare setting for examining how organizations maintain
continuity through wars, regime shifts, and market transformations. Corporate
longevity encompasses survival, renewal, and sustainable value creation rather
than organizational age alone (Ahmad et al., 2019; Fernandez Moya et al., 2020;
Riviezzo et al., 2022). This study examines whether experience of past crises
strengthens firms’ confidence in their ability to endure for another century.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Prior research associates corporate longevity with effective governance,
institutional quality, heritage stewardship, intergenerational legacy, and
organizational resilience (Burghausen & Balmer, 2015; Zattoni et al., 2020; Radu-
Lefebvre et al., 2024; Yilmaz et al., 2024). However, historical experience may
either foster organizational learning or reinforce strategic rigidity. Accordingly, the
framework distinguishes retrospective historical resilience from prospective
adaptive capability.

METHODOLOGY

An exploratory mixed-method pilot study combined Al-assisted knowledge
discovery and desk research with a questionnaire survey of 31 Czech centenarian
organizations. Historical continuity was verified across legal entities, brands and
production traditions (Nesiba, 2026). Descriptive statistics assessed perceived
threats and expected survival, while qualitative content analysis identified
adaptive practices associated with future optimism.
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RESULTS

The post-1989 economic transformation was perceived as the most consequential
historical threat, followed by nationalization and World War Il. More than 80% of
respondents expected their organization or brand to survive for another century.
However, the cumulative number of reported historical crises was not associated
with stronger confidence in future continuity. Instead, higher expectations of
longevity were linked to innovation, long-term investment, managerial continuity,
and succession planning.

DISCUSSION / POLICY IMPLICATIONS

Past survival appears to strengthen confidence in future continuity only when
historical experience is translated into adaptive renewal. This interpretation is
consistent with research on firm survival, digital competitiveness, centenarian
adaptation, value transmission, and strategic evolution (Esteve-Pérez et al., 2018;
Panza et al,, 2018; Rossato & Castellani, 2020; Kang, 2022; Suddaby et al., 2023;
Welsh et al.,, 2024). Policy support should integrate heritage preservation with
innovation and succession planning.

CONCLUSION

The pilot study suggests that organizational age and accumulated exposure to
historical crises are insufficient predictors of expected longevity. Adaptive
capability may serve as the link between historical resilience and future
organizational continuity, consistent with cross-country evidence on family
business growth (Miroshnychenko et al., 2021). Future research should test this
framework using larger international samples, verified measures of organizational
continuity, and longitudinal data.
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FOSTERING INNOVATION AND DIGITALIZATION AMONG SMES
IN NORTH MACEDONIA: EVIDENCE FROM BEEPS VI
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INTRODUCTION

In recent years, SMEs have been turning more and more towards external
knowledge as a means of addressing resource limitations and boosting innovation
and digitalization. While external knowledge acquisition is often addressed in
innovation literature, examples from transition economies are scarce. This paper
analyzes the effect of external knowledge acquisition, innovation, and
digitalization of SMEs in North Macedonia based on the BEEPS VI dataset.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Based on the knowledge-based view approach, absorptive capacity and open
innovation approach, external knowledge could be considered as a resource for
strategy in case of its use as an augmentation of the capabilities that exist
internally in SMEs. However, there is little evidence about SMEs from North
Macedonia in this context.

METHODOLOGY

Quantitative secondary data, collected in BEEPS VI by the World Bank and EBRD
(2020), is employed in the study. By following the criteria set for filtering of
samples in the wider research design, the sample consists of 240 SMEs from North
Macedonia in various industries and geographical locations. Descriptive statistics,
cross tabulation, Chi-square tests, correlations and regressions are employed to
analyse knowledge acquisition, innovation and digitalisation using IBM SPSS
Statistics.

1 Corresponding author, e-mail: ceneta.telak@ibu.edu.mk
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RESULTS

There is clear evidence that there exists a positive relationship between external
knowledge acquisition and innovation and digitalization. Small and medium
enterprises, which invest in external knowledge, exhibit more involvement in
innovation and digitalization. There exist significant differences in cross
tabulations and Chi square analyses, while correlation and regression analyses
show positive relationships for innovation and digitalization.

DISCUSSION / POLICY IMPLICATIONS

The results emphasize the need to develop knowledge transfer processes in the
innovation system of North Macedonia. Support for cooperation between
universities and companies, innovation vouchers, and digital transformation might
enhance access of SMEs to external knowledge. On the company level, building
absorptive capacity is essential for translating external knowledge into
innovations and digital capabilities.

CONCLUSION

The study provides evidence that external knowledge acquisition is positively
associated with innovation and digitalization among the analyzed SMEs in North
Macedonia. The findings underline the value of external knowledge networks for
resource-constrained firms and contribute to research on innovation ecosystems
in transition economies. As the 240 firms constitute an analytical sample, broader
generalizations to all SMEs in North Macedonia should be made cautiously.
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STRATEGIC HRM IN WOMEN-LED VENTURES: A CONCEPTUAL
FRAMEWORK FOR INNOVATION AND COMPETITIVE
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INTRODUCTION

Women-led ventures increasingly contribute to innovation, yet female
entrepreneurs face persistent constraints in capital, networks and market access
(Audretsch et al., 2022; Jennings & Brush, 2013). Internal strategies for offsetting
these constraints remain under-theorised. This conceptual study integrates the
Resource-Based View (RBV), dynamic capabilities and strategic HRM (SHRM) to
propose how women-led ventures may leverage human capital for innovation and
competitive advantage.

LITERATURE REVIEW / THEORETICAL BACKGROUND

RBV holds that valuable, inimitable human capital may underpin sustained
advantage (Barney, 1991; Gerhart & Feng, 2021), although deployment appears to
matter more than possession (Delery & Roumpi, 2017). Dynamic capabilities
theory adds the capacity to sense, seize and reconfigure resources (Teece et al.,
1997). SHRM research suggests that internally consistent HR bundles shape
human capital and climate (Becker & Gerhart, 1996; Bowen & Ostroff, 2004;
Lepak & Snell, 2002).

METHODOLOGY

The study follows a conceptual, theory-building design integrating strategic
management, HRM and entrepreneurship literature. Using abductive logic, we

1 Corresponding author, e-mail: dkossyva@unipi.gr
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compare and reconcile the RBV, dynamic capabilities and SHRM streams to
construct an explanatory framework, with the HRM system as the focal unit of
analysis. Nothing is tested empirically; the output is a set of theoretical
propositions (P1-P4) advanced for future examination.

RESULTS

We propose that strategically aligned HRM systems are associated with firm-
specific human and social capital (P1) which, mobilised through high-involvement
practices, relates to sensing, seizing and reconfiguring capabilities (Collins &
Smith, 2006) (P2). The framework suggests that dynamic capabilities mediate the
HRM-innovation link (Ho et al., 2024) (P3), and that resource constraints
strengthen it (P4). No causal relationships are claimed.

DISCUSSION / POLICY IMPLICATIONS

The framework positions HRM as a strategic rather than an administrative
function (Chadwick & Flinchbaugh, 2021) and specifies dynamic capabilities as the
mechanism that may link HR systems to innovation (Apascaritei & Elvira, 2022). It
suggests founders may benefit from coherent HR design rather than from
adopting more practices. For policy, it implies that HR capability-building could
complement finance- and network-oriented support.

CONCLUSION

The framework yields four testable propositions. P1-P3 may be examined with
established measures of HRM system strength, human capital configurations and
dynamic capabilities in women-led SMEs, while P4 invites a moderated-mediation
design. For founders, HR system coherence rather than the number of practices is
the actionable variable; for policy, HR capability-building is a fundable
intervention. The propositions remain untested.

KEYWORDS
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INTRODUCTION

Family businesses constitute a significant part of the Slovak economy and play an
important role in employment, regional development, innovation diffusion, and
intergenerational wealth creation. As important actors within regional
entrepreneurship and innovation ecosystems, family firms contribute to economic
resilience and long-term sustainable development. Since 2023, Slovakia has
introduced a specific legislative framework regulating family businesses through
Act No. 112/2018 Coll. This paper examines the legal foundations of family
entrepreneurship and evaluates the practical effectiveness of the adopted
regulatory model within the broader context of entrepreneurial ecosystem
development.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Theoretical approaches define family businesses through family ownership,
management participation, and succession continuity (Chrisman et al., 2005).
Within entrepreneurship and innovation ecosystem theory, family firms are
recognized as important contributors to local economic stability, knowledge

1 Corresponding author, e-mail: akrivosikova@ukf.sk

214



transfer, resilience, and innovation capacity (Pitz & Werner, 2023; Yilmaz et al.,
2024). Recent studies have also highlighted their role in promoting sustainable
development, corporate social responsibility, and long-term value creation
(Patuelli et al., 2022; Stock et al., 2024). Legislative support is considered a key
factor influencing their long-term sustainability, governance structures, and
integration into entrepreneurial ecosystems (Parada et al., 2026). The Slovak legal
framework introduced formal definitions of family businesses, established
recognition mechanisms, and linked registered family enterprises with obligations
related to positive social impact and family value preservation (Act No. 112/2018
Coll.).

METHODOLOGY

The study applies qualitative legal and institutional analysis. Primary sources
include Act No. 112/2018 Coll. on the Social Economy and Social Enterprises,
related amendments, and publicly available information from the Ministry of
Labour, Social Affairs and Family of the Slovak Republic. The analysis focuses on
legal definitions, registration mechanisms, eligibility criteria, and practical
implementation outcomes. Particular attention is devoted to assessing the extent
to which the regulatory framework supports the development of family
entrepreneurship within the national entrepreneurial ecosystem.

RESULTS

The research identified a two-tier system consisting of recorded and registered
family businesses. While the legislation provides clear legal definitions and
recognition procedures, practical adoption remains virtually non-existent. An
analysis of the official Register of Family Businesses and the Records of Family
Businesses revealed that, at the time of the study, zero family businesses had
been registered and zero family businesses had been recorded under the
respective legal mechanisms (Ministry of Labour, Social Affairs and Family of the
Slovak Republic, 2026). These figures demonstrate an absence of practical
adoption despite the existence of a comprehensive legislative framework. This
suggests a substantial gap between the legislative intention to support family
entrepreneurship and the real willingness of family firms to utilize the available
legal framework. Key barriers include mandatory reinvestment requirements,
extensive administrative obligations, strict eligibility criteria, and the absence of
direct economic incentives for participating enterprises.
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DISCUSSION / POLICY IMPLICATIONS

The analysis reveals a discrepancy between legislative objectives and business
practice. Despite the establishment of a comprehensive legal framework intended
to strengthen family entrepreneurship and support its long-term sustainability,
the complete absence of recorded and registered family businesses indicates that
the current model has not achieved meaningful practical uptake. Consequently,
its contribution to the development of the entrepreneurship and innovation
ecosystem remains limited. The current framework places substantial obligations
on family firms without offering sufficient compensatory benefits. Policymakers
should consider introducing tax incentives, reducing administrative complexity,
strengthening succession-support measures, and promoting networking
opportunities that would facilitate greater integration of family businesses into
regional innovation and entrepreneurship ecosystems.

CONCLUSION

Slovakia has established one of the first comprehensive legal definitions of family
businesses within its existing corporate framework. However, the complete
absence of officially recorded and registered family businesses demonstrates that
legal recognition alone is insufficient to motivate firms to seek formal status. The
current framework therefore has a negligible practical impact on the development
of family entrepreneurship and its contribution to entrepreneurship and
innovation ecosystems. Future policy development should focus on balancing
regulatory oversight with tangible economic and administrative benefits while
creating conditions that foster innovation, succession continuity, and sustainable
growth of family enterprises.

KEYWORDS

Business succession, Family business, Family entrepreneurship, Legislation,
Slovakia.
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INTRODUCTION

The twin transition, integrating green and digital transformation, has become a
strategic priority for enhancing the sustainability and competitiveness of tourism
in the European Union (European Comission, 2022b; Jones, 2023; Terzi et al.,
2023; Faggian et al., 2025; Bekele & Raj, 2025). However, EU member states differ
considerably in their progress across these two dimensions. This study evaluates
and compares their performance by assessing achievements in green and digital
tourism transition.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Previous studies have mainly examined green and digital transitions separately
(Benedetti et al., 2023; Gorina et al., 2024), with limited attention to their joint
assessment in tourism. Building on the twin transition framework (Gonzélez-
Rodriguez & Diaz-Fernandez, 2025; Jones, 2023; Jakab et al., 2023), this study
integrates both dimensions into a unified benchmarking framework, enabling the
identification of distinct tourism transition profiles across EU countries.

METHODOLOGY

The analysis covers 27 EU countries using 2023 EU Tourism Dashboard indicators
(EU Tourism Dashboard, 2024). Entropy-based PROMETHEE method was applied
(Brans & Vincke, 1985; Pantovi¢ et al., 2026). Countries ranked in the top 13 in
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both green and digital pillars were classified as Leaders, those in the bottom 14 in
both as Laggards, and the others as Green- or Digital-Oriented (Popovi¢ et al.,
2025).

RESULTS

Denmark, Malta, Sweden, Cyprus, Lithuania, and Austria, emerged as Twin
Transition Leaders. Greece, Italy, Croatia, Bulgaria, Czechia, Luxembourg, and
Latvia formed the Green-Oriented group, while Portugal, Ireland, Hungary, the
Netherlands, Belgium, Spain, and Finland were identified as Digital-Oriented
countries. Slovakia, Estonia, Romania, Poland, France, Slovenia, and Germany
were classified as Twin Transition Laggards. The results indicate distinct transition
profiles among EU countries.

DISCUSSION / POLICY IMPLICATIONS

The observed differences among country groups likely reflect unequal investment
in digital and green transformation, differences in governance capacity and policy
priorities, and variations in tourism structure and development levels. Therefore,
Green-Oriented countries should strengthen digital capacities, Digital-Oriented
countries environmental performance, while Twin Transition Laggards require
integrated policy support (European Commission, 2022a).

CONCLUSION

The proposed classification provides a practical framework for benchmarking EU
tourism systems according to their twin transition performance. It contributes to
a better understanding of cross-country differences in green and digital
development and provides a useful basis for designing targeted policy measures.
The framework may also support monitoring future progress and facilitate more
coordinated policy actions aimed at achieving balanced advancement across both
transition dimensions.
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DIGITAL AND GREEN TRANSFORMATION OF THE COAL REGION:
PROSPECTS FOR STARA ZAGORA AS A BALKAN HYDROGEN HUB

Preslav Georgiev?
Trakia University, Stara Zagora, Bulgaria

INTRODUCTION

The digital-green transition is understood not as a parallel deployment of digital
and low-carbon technologies, but as a common transformation of production,
infrastructure, management and skills. In Stara Zagora, this interdependence is
critical: the decarbonization of the Maritsa East complex requires innovative
solutions, traceability and coordination to connect industrial diversification, new
employment and social sustainability.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The theoretical framework combines sustainability transitions, regional innovation
systems, digital twins and life-cycle thinking. A multi-level perspective explains
how pressures destabilize carbon-intensive regimes and create space for niche
experiments (Geels, 2002; Markard et al., 2012; Kohler et al., 2019). Regional
innovation research focuses on actors' networks, knowledge sharing and
institutional capacity, while sectoral connectivity links energy production to
mobility and public services (Markard, 2018). Digital twins allow for trackable
monitoring and simulation between interdependent assets. Life-cycle thinking
extends systemic boundaries to upstream resources and downstream impacts
(Sharma et al., 2022). The combined framework connects the technological
configuration with coordination, learning and measurable sustainability
outcomes.

METHODOLOGY

The study is an applied, politically oriented single case study of ZAHYR and the
coal region of Stara Zagora. The empirical base includes official project and policy
documents, technical parameters of infrastructure and peer-reviewed
publications on sustainable transitions and hydrogen valleys. Through structured
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content analysis, data on technological configuration, participants, market
readiness and management are extracted. LCA is adapted at territorial level
through a system boundary covering storage, distribution and end-use. The
transition is assessed through KPls for hydrogen emissions, energy and water
consumption, production and costs, employment and local suppliers. SWOT
analysis, comparison with European hydrogen valleys and scenarios up to 2035
baseline, accelerated and limited are used, which determine the stage and
dynamics of the transformation.

RESULTS

The design configuration of ZAHYR connects the production and use of green
hydrogen. Two electrolysers with a total capacity of 5 MW, powered by a 20 MW
photovoltaic park, form an urban module with two charging stations, 10 buses,
two trucks and a 1 MW fuel cell for public lighting and an industrial module in
Maritsa East for mixing hydrogen in a gas turbine. The analysis establishes three
functions: demonstrating local chain of production - distribution - end-use, testing
of transport, municipal and industrial applications, and accumulating knowledge
and skills for scaling. In the context of the European Green Deal, ZAHYR is a core
for low-carbon modernization of energy specialization, economic diversification
and attracting partners and investments. Connecting a university, public
authorities, transport operators and industry creates an institutional basis for a
future Balkan hydrogen hub (European Commission, Directorate-General for
Energy, 2024).

DISCUSSION / POLICY IMPLICATIONS

The results suggest that policy needs to focus on market shaping and
implementation capacity. Municipal and industrial procurement can turn planned
applications into measurable costs, while common operating and safety standards
can reduce coordination risks. The responsibility for technical, environmental and
socio-economic monitoring must be assigned through a regional data protocol.
Supplier training and development must be linked to the commissioning stages so
that public support generates local opportunities. Expansion to greater
production and cross-border cooperation must follow proven reliability, use and
cost-effectiveness. This sequence links project training to investment decisions
and reduces the risk of underutilised infrastructure.
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CONCLUSION

The research contributes to a reproducible analytical structure that separates the
planned components, territorial prerequisites and transformation outcomes. Its
value lies in the conversion of heterogeneous design information into a project-
level dataset suitable for LCA and comparison with other hydrogen valleys. As
implementation progresses, the evaluation matrix needs to be updated with
monitored hydrogen production and use, capacity utilisation, life-cycle emissions,
costs, employment effects and involvement of local suppliers. The evidence
obtained would allow tests for environmental additionality, economic viability and
regional value creation, without relying on preliminary expectations.

KEYWORDS

Digital-green transformation, hydrogen hub, Stara Zagora, just transition, regional
innovation system
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INTRODUCTION

The circular economy (CE) offers a sustainable alternative to the linear economic
model by promoting resource efficiency, waste minimization, and sustainable
production. For the Republic of North Macedonia, CE transition represents both
an environmental necessity and a strategic opportunity, particularly in the context
of EU accession. This paper examines sectoral opportunities and financing
constraints shaping the country's circular transition.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The CE concept builds on the principle of maintaining the value of products,
materials, and resources as long as possible while minimizing waste. Literature
identifies institutional readiness, sectoral transformation, and sustainable finance
as key enablers of CE transition, particularly in economies undergoing regulatory
alignment. In this context, the EU Taxonomy and Green Deal provide the main
regulatory architecture for directing capital toward circular activities in EU-
accession countries.

METHODOLOGY

1 Corresponding author: diana@ek-inst.ukim.edu.mk
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The paper applies a qualitative methodology based on secondary data analysis.
Academic literature, policy documents, institutional reports, and strategic
frameworks from international organizations and national institutions were
reviewed to examine the institutional framework, priority sectors, sustainable
finance mechanisms, and key barriers related to CE transition in the Republic of
North Macedonia.

RESULTS

The analysis identifies gradual progress in CE transition in North Macedonia,
reflected in environmental reforms, climate commitments, and emerging green
finance instruments. Five sectors demonstrate strong circular potential:
construction, biomass and food, textiles, mining and metallurgy, and cultural and
creative industries. However, significant barriers remain, including fragmented
governance, weak infrastructure, low recycling rates, and underdeveloped
sustainable finance mechanisms.

DISCUSSION / POLICY IMPLICATIONS

Accelerating CE transition requires a comprehensive national strategy aligned
with EU policies, stronger institutional coordination, and modernization of the
legislative framework. The identified priority sectors can realize their circular
potential only if supported by adequate financing. Expanding sustainable finance
instruments, including a national green finance taxonomy, increased green
lending, and improved ESG reporting, is essential for mobilizing investments into
circular transition.

CONCLUSION

The CE transition has the potential to foster Macedonia’s sustainable economic
growth, environmental protection, innovation, and EU integration. CE strategy,
objectives, and measures must be treated in parallel with the financial needs of
the transition at both micro and macro levels. Addressing institutional weaknesses
and structural constraints through coordinated policy reforms and improved
financing mechanisms is essential for achieving a resilient and resource-efficient
economy.

KEYWORDS

Circular economy, sustainable finance, priority sectors, institutional framework,
North Macedonia

226



REFERENCES

1.

10.

11.

12.

Boshkovska, D., Daniloska, N., & Petkovska, M. T. (in press). Institutional readiness for
sustainable finance implementation under the EU regulatory framework: Evidence
from North Macedonia. Economic Development.

Boshkovska, D., & Daniloska, N. (2025). Priority sectors for the Macedonian transition
to a circular economy: Strategic pathways for sustainable transformation. Economic
Development, 27(3), 22-33. https://doi.org/10.55302/ED25320b

Central Bank of the Republic of North Macedonia. (2023). Mid-term plan for
integrating climate risks into the financial system 2023-2025. CBNM.
https://www.nbrm.mk/content/National-Bank's-Medium-Term-Climate-Change-
Action-Plan-for-2023-2025.pdf

Daniloska, N., & Boshkovska, D. (2025). Advancing the circular economy in the
Republic of North Macedonia: Principles, policies, and strategic actions. Economic
Development, 27(1-2), 108-123. https://doi.org/10.55302/ED251-2108d

Ellen MacArthur Foundation. (2024). Circular economy principles. Ellen MacArthur
Foundation. https://www.ellenmacarthurfoundation.org/circular-economy-principles
European Commission. (2020). A new circular economy action plan for a cleaner and
more competitive Europe. https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:52020DC0098

European Commission. (2023). Circular economy action plan progress report.
https://eur-lex.europa.eu/resource.html?uri=cellar:9903b325-6388-11ea-b735-
O0laa75ed71al

European Commission. (2024). Overview of sustainable finance.

European Environment Agency. (2025). Europe’s environment and climate:
Knowledge for resilience, prosperity and sustainability report: Country profile—North
Macedonia. https://www.eea.europa.eu/en/europe-environment-
2025/countries/north-macedonia

Macedonian Stock Exchange. (2021). Corporate governance code for companies listed
on the Macedonian Stock Exchange.
https://www.mse.mk/Repository/%D0%9A%D0%BE%D0%B4%D0%B5%D0%BA%D1%8
1/KKU%20na%20angliski%20final.pdf

Ministry of Finance of the Republic of North Macedonia. (2023). Green bonds as a
new financial instrument on the domestic capital market, with the prospectus for its
first issue being published. https://arhiva.finance.gov.mk/2023/09/28/mof-green-
bonds-as-a-new-financial-instrument-on-the-domestic-capital-market-with-the-
prospectus-for-its-first-issue-being-published/?lang=en

Organisation for Economic Co-operation and Development. (2023). A roadmap
towards circular economy of North Macedonia. OECD Publishing.
https://doi.org/10.1787/1973c88c-en

227



13.

14.

15.

16.

17.

18.
19.

Paic, J. (2025). EBRD boosts support for green investments in North Macedonia.
https://www.ebrd.com/home/news-and-events/news/2025/ebrd-boosts-support-for-
green-investments-in-north-macedonia.html

Regional Cooperation Council. (2024). Sustainable finance and EU taxonomy
challenges in the Western Balkans. RCC.
https://www.rcc.int/download/docs/Sustainble%20Finance%20and%20Taxonomy%2
0in%20WB.pdf

Schroeder, P., Anggraeni, K., & Weber, U. (2019). The relevance of circular economy
practices to the Sustainable Development Goals. Journal of Industrial Ecology, 23(1),
77-95. https://doi.org/10.1111/jiec.12732

Todevski, D. (2017). Financing the concept of the circular economy. IDEA Int. J. Sci.
Arts, 1(2017)2, 49-54,
https://www.researchgate.net/publication/360190926_Finansirane_na_konceptot_n
a_cirkularna_ekonomija

United Nations Educational, Scientific and Cultural Organization. (2025). UNESCO
global report on  cultural policies,  Culture: The  missing  SDG.
https://doi.org/10.58337/REJU6051

World Bank. (2023). North Macedonia country climate and development report.

World Bank. (2024). North Macedonia climate public finance review: Integrating
climate change perspectives into fiscal policy.
https://documentsl.worldbank.org/curated/en/099060724174031856/pdf/P1792641
0e12380611804e15fc4ec12793b.pdf

228



GREEN GOVERNANCE DEFICITS AND CLIMATE FINANCE
INTEGRITY AT THE LOCAL LEVEL: EVIDENCE FROM
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INTRODUCTION

Local governments are key to the green transition, yet their capacity to govern
climate finance transparently remains under-examined in small, transition
economies. This study addresses this gap by analyzing nine pilot local
governments in North Macedonia. As an EU candidate, the country faces a
contradiction: it is committed to the Green Agenda but struggles to translate
national goals locally due to fiscal dependency, low capacity, and no budget

tagging.

LITERATURE REVIEW / THEORETICAL BACKGROUND

This paper builds on Ostrom’s polycentric model (2010), where decentralized
systems optimize climate action, though local benefits depend on fiscal and
administrative capacity. We draw on fiscal decentralization theory (Martinez-
Vazquez, 2021) to analyze climate expenditure and transfers; under-resourced
mandates often cause governance failures. Finally, we integrate climate-
responsive PFM frameworks (PEFA, 2024) and corruption risk tools (UNGP, 2013)
to trace risks across the budget cycle.
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METHODOLOGY

Using a mixed-methods design, this paper examines a geographically
representative sample of nine pilot local governments in North Macedonia. It
triangulates four data sources: municipal surveys, key informant interviews,
budget analysis, and strategic document reviews. The analysis applies an adapted
subnational PEFA Climate framework and a corruption risk assessment tool
(UNGP, 2013) to map and evaluate structural risk factors across all four phases of
the municipal budget cycle.

RESULTS

All nine municipalities scored low on the PEFA Climate scale, showing
underdeveloped PFM systems. Climate spending is fragmented across programs
without tagging, and formal Environment Programs show negligible funding and
chronic under-execution. Climate strategies are weakly linked to annual budgets,
with stark capacity gaps between large urban and small rural units. Corruption
risks across planning, execution, reporting, and audit phases are highly relevant in
all nine cases.

DISCUSSION / POLICY IMPLICATIONS

Weak strategy-budget links and fragmentation create an information vacuum,
raising corruption risks across the budget cycle. This indicates that decentralizing
climate mandates without resources yields governance failures rather than
polycentric innovation. The central budget circular lacks tagging provisions,
blocking tracking. Reforms must pass the Law on Climate Action, introduce
climate-conditional transfers, provide capacity grants, and mandate outcome
reporting to ensure transparency.

CONCLUSION

This paper maps subnational climate finance governance in North Macedonia. The
pilot units show identical low ratings, fragmented budgets, weak strategy links,
and minimal anti-corruption safeguards. It shows local climate strategies fail
without targeted PFM infrastructure investments and risk management. These
systemic local deficits undermine and delay EU accession alignment and the
country's commitments under the Green Agenda for the Western Balkans.
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SUSTAINABLE DEVELOPMENT IN SERBIA (1987-2026): IDEAS
AND PRACTICE

Damjan Matkovié?
Institute of Economic Sciences, Belgrade, Serbia

INTRODUCTION

Sustainable development has become a central framework for analysing
environmental problems in relation to economic growth and development
planning. ‘The concept of sustainable development is a direct attempt to resolve
this dichotomy [the tension between economic growth and environmental
protection] by sending the message that it is possible to have economic
development whilst also protecting the environment’ (Carter, 2007, pp. 207-208).
This concept was defined in a 1987 report: ‘Sustainable development is
development that meets the needs of present without compromising the ability of
future generations to meet their own needs’ (Blewitt, 2008, p. 15; Holden et al.,
2018, p. 1). This paper aims to reconstruct the formation of the idea of
sustainable development in Serbia and to discover the concrete plans and
programmes of action related to this approach. This paper is the first historical
overview of the concept of sustainable development in Serbia from the 1990s to
the present.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The international literature on sustainable development is vast and draws on
various disciplines, including ecology, ecological economics, social ecology and
environmental history. Monographs and edited volumes that explain the concept
include The Imperatives of Sustainable Development: Needs Justice, Limits (Holden
et al.,, 2018) and Understanding Sustainable Development (Blewitt, 2008). As
environmental history of Serbia is an under-researched field, there is a lack of
historical analysis of how the concept developed and was implemented in Serbia.
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METHODOLOGY

As an environmental historian, | apply qualitative historical source analysis
methods to examine various sources. This paper traces the evolution and changes
of the concept of sustainable development in Serbian textual sources from its
appearance to the present day. These sources include newspapers, including
Borba (1994-1997, 2001-2006, 2009), as well as development plans,
sustainability programmes and other documents, including the 2008 National
Strategy for Sustainable Development (Sluzbeni glasnik, 2008). These sources are
combined with Serbian literature on sustainability, including the interdisciplinary
monograph Zivotna sredina i odrZivi razvoj (Bukanovié, 1996) and articles such as
‘Srbija 2030: Agenda odrZivog razvoja — izazovi i ograni¢enja’(Vuci¢, 2022).

RESULTS

Preliminary research shows that some scientists in the Federal Republic of
Yugoslavia recognised the importance of sustainability, an important topic in the
leading newspaper Borba (Borba, 18. 1. 1995; Borba, 5. 6. 1997). The FRY passed
the Law on the Environment and ratified 53 international sustainability treaties
(Borba, 5. 6. 1997). However, economic instruments for environmental protection
were in early stages in 1996. With financial aid from the Swedish government, a
Serbian sustainability strategy was planned for 2004 but adopted in 2008. The
global financial crisis posed an obstacle to implementation (Puki¢, 2010). A
setback was the closure of the Ministry for Environmental Protection, after two
years (Borba, 5. 2. 2005). Legislation evolved over the past six years, with the
2021 Law on Climate Change (Vuci¢, 2022). However, finishing a development
plan related to sustainability, monitoring the Sustainable Development Goals
(SDGs) and better coordination between partners working on measures and state
institutions are lacking (DrZavna revizorska institucija, 2023).

DISCUSSION / POLICY IMPLICATIONS

The historical overview identifies several significant episodes in the development
of the concept of sustainability in Serbia, that are relevant to policy makers
nowadays. Some of these could be analysed further in future research. While
Serbia achieved legislative progress on the path to sustainability in recent years,
the country's debate on sustainability is much older, but the 1990s discourse on
sustainable development is often overlooked. Good and bad examples of
sustainability practice could be identified and used for future research and project
planning.
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CONCLUSION

The history of environmental policies is highly relevant for climate change
mitigation and attempts at a green transition. These histories can help societies
avoid repeating past mistakes and learn from positive examples of environmental
policy. Similarly, the history of the concept of sustainable development in Serbia,
helps us understand the challenges its implementation faces today. During the
1990s and early 2000s, some Serbian scientists and politicians advocated
sustainability. Legislation, participation in international sustainability treaties and
debates and local initiatives developed, but pressing financial issues such as
unemployment and economic transition were primary concerns and larger actions
towards sustainability were postponed. Dealing with the effects of the 2008
financial crisis was a significant challenge for Serbia’s sustainable development
(Puki¢, 2010). Over the last six to ten years, Serbia's legal and institutional
framework for sustainability developed significantly. However, the
implementation of this legislation and the 2030 Agenda still faces several
difficulties.
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DO EUROPEAN REGIONS CONVERGE IN CARBON INTENSITY?
THE ROLE OF CLIMATE-DRIVEN ENERGY DEMAND
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INTRODUCTION

The transition to a climate-neutral economy requires European regions to
improve the carbon efficiency of their energy systems while adapting to
heterogeneous climatic conditions. Carbon intensity reflects the emissions
generated per unit of economic output and provides a useful indicator of energy
system decarbonization. This study examines whether European NUTS-2 regions
converge in carbon intensity and whether climate-driven energy demand
influences the convergence process.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Convergence in carbon emissions, energy intensity and environmental
performance has been examined mainly at the national level (EI-Montasser et al.,
2015; Payne & Apergis, 2021; Dogah & Churchill, 2022; Bera & Syed, 2025;
Kongkuah & Alessa, 2025). Recent studies emphasize regional decarbonization (Ju
et al., 2025; Vagnini et al., 2025). However, regional carbon intensity convergence
remains largely unexplored, particularly regarding climate exposure and spatial
spillovers.

METHODOLOGY

The analysis uses a panel of 200 European NUTS-2 regions over 2000-2024.
Carbon intensity is measured as greenhouse gas emissions relative to economic
output. Conditional B-convergence is estimated using two-way fixed effects with

1 Corresponding author, e-mail: agpapana@econ.auth.gr
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Driscoll-Kraay standard errors, controlling for labor market conditions, industrial
structure and climate-driven energy demand, captured by Heating and Cooling
Degree Days (CLR). Spatial dependence is examined using Moran's | and spatial
panel models (SEM/SDM).

RESULTS

The results indicate significant conditional convergence in regional carbon
intensity (B = -0.123), with an estimated half-life of approximately 5.3 years.
Climate-driven energy demand, labor market conditions and industrial structure
significantly influence the convergence process. Regions with higher initial carbon
intensity exhibit slower convergence than low-carbon regions. Spatial analysis
reveals significant spatial dependence while supporting the main convergence
findings.

DISCUSSION / POLICY IMPLICATIONS

The results underline the importance of adapting energy transition policies to
regional conditions. Targeted investments in clean energy, industrial
decarbonization and energy efficiency should prioritize carbon-intensive regions,
while coordinated regional policies can exploit spatial spillovers and support a
more balanced transition across Europe. Climate-driven energy demand should
also be considered when designing regional decarbonization strategies.

CONCLUSION

This study provides new evidence of conditional convergence in carbon intensity
across European NUTS-2 regions while accounting for climate-driven energy
demand and spatial dependence. The findings highlight the importance of
regional heterogeneity in the energy transition and demonstrate that integrating
convergence and spatial analysis can provide valuable insights for designing more
effective decarbonization policies.
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TRANSPORTATION SECTOR TRANSFORMATION AND
ROMANIA'S ENERGY SOVEREIGNTY IN THE CONTEXT OF A JUST
ENERGY TRANSITION
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INTRODUCTION

Transport transformation constitutes a strategic dimension of the energy
transition, linking decarbonisation with technological innovation, energy security,
and long-term resilience. Although existing research extensively addresses
transport emissions, electrification, and renewable-energy deployment, the role
of transportation in strengthening national energy sovereignty remains
insufficiently integrated into the Romanian context. This study addresses this gap
by conceptualising transport not only as a sector subject to decarbonisation, but
also as a strategic mechanism for reducing external energy dependence and
reinforcing energy autonomy. It develops an integrated framework connecting
transport electrification, renewable-energy integration, sustainable fuels, digital
infrastructure, and coordinated policy interventions with Romania’s energy
resilience. Accordingly, the analysis extends the conventional decarbonisation
perspective toward the broader nexus of transport transformation, just transition,
and energy sovereignty.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Transport decarbonisation has become integral to the EU climate-neutrality
agenda, increasingly linking emission mitigation with energy security and
sovereignty. Reducing fossil-fuel dependence while expanding domestic
renewable-energy use can reinforce strategic energy autonomy (Wetzel et al.,
2023). Electrification, renewable fuels, and integrated energy systems are
therefore critical to resilient low-carbon mobility (Tian et al., 2023). Technological
innovation and policy coordination further condition this transition: electrification
and efficiency can reduce transport energy demand and emissions (Krause et al.,
2020), while Al-based forecasting may improve energy-demand planning (Lei et
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al., 2025). For Romania, renewable-energy potential provides a basis for
strengthening energy resilience (Manescu & Tous, 2025), although institutional
fragmentation and governance constraints may hinder an effective just transition
(Volintiru & Nicola, 2024).

METHODOLOGY

Existing studies address technological, environmental, and energy-security
dimensions separately, providing limited insight into their systemic
interdependencies within a just transition framework. This study addresses this
gap by conceptualising transport transformation as a multidimensional
determinant of energy sovereignty, integrating electrification, renewable-energy
deployment, infrastructure modernisation, technological innovation, and
governance capacity. Applied to Romania, the framework examines how these
interconnected dimensions may reduce external energy dependence, reinforce
strategic resilience, and facilitate a socially balanced transition. The study thereby
reframes transport from a decarbonisation challenge into a strategic component
of resilient energy-system transformation.

RESULTS

This study employs a qualitative policy-oriented analytical framework integrating
recent scientific evidence with European and Romanian strategic policy
documents. Rather than providing a descriptive overview of transport
decarbonisation, the analysis investigates the interdependencies between
transport sector transformation and national energy sovereignty. The assessment
focuses on six strategic dimensions: transport electrification, renewable energy
integration, sustainable fuels, infrastructure modernisation, technological
innovation, and governance capacity. These dimensions are analysed from the
perspective of their combined contribution to reducing fossil fuel dependence and
enhancing long-term energy resilience in Romania.

DISCUSSION / POLICY IMPLICATIONS

The findings suggest that transport policy should be considered an integral
component of Romania's long-term energy security strategy rather than an
isolated environmental policy domain. Achieving this objective requires
coordinated investments in renewable electricity generation, electric mobility
infrastructure, alternative fuels, and digital transport technologies. Equally
important are institutional reforms capable of improving policy coherence across
the energy, transport, and industrial sectors. By integrating these policy
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dimensions, Romania could simultaneously accelerate decarbonisation, reduce
external energy dependence, enhance industrial competitiveness, and strengthen
strategic resilience against future geopolitical and energy market disruptions.

CONCLUSION

The transport sector development in Romania is an important component of the
country’s transition to a secure, competitive and sustainable energy system. The
analysis indicates that the effectiveness of transport transformation depends on
the simultaneous development of renewable energy capacity, intelligent
infrastructure, and coherent governance mechanisms capable of reducing
dependence on imported fossil fuels while enhancing the resilience of the
national energy system. From a policy perspective, the analysis highlights the
need for a coherent governance framework that integrates transport, energy, and
industrial policies to maximize the benefits of the transition. Accelerating
transport electrification, expanding renewable energy infrastructure, investing in
intelligent mobility systems, and strengthening institutional coordination should
therefore be considered complementary priorities for enhancing Romania's long-
term energy sovereignty.

KEYWORDS
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PATH EXTENSION OR SPATIAL RECONFIGURATION? DIVERGENT
ADAPTATION STRATEGIES TO THE EV TRANSITION: EVIDENCE
FROM HUNGARY AND POLAND
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University of Szeged, Szeged, Hungary

INTRODUCTION

The transition towards electric mobility is reshaping global automotive value
chains, production geographies and industrial policies. Central and Eastern
European (CEE) economies face the challenge of preserving their positions within
European automotive production while adapting to changing technologies. This
paper compares Hungary and Poland to explain why two integrated peripheral
automotive economies have followed markedly different adaptation paths during
the transition to electromobility.

LITERATURE REVIEW / THEORETICAL BACKGROUND

We combine global value chains (GVCs), path dependence, industrial upgrading
and FDI theories. Existing research explains the growing role of batteries and
Asian investors in the restructuring of automotive GVCs but pays less attention to
the spatial strategies of country-level adaptations. We argue that EV-related FDI
follows different adaptation logics depending on inherited industrial structures,
state strategies and domestic capabilities, producing distinct developmental
outcomes.

METHODOLOGY

The paper adopts a comparative qualitative case-study approach. It combines
investment data, company-level information, spatial mapping of EV-related
investments and expert interviews (14 in Poland and 20 in Hungary with firms,
experts and policymakers). The comparison focuses on investor nationality, spatial

1 Corresponding author, e-mail: sass.magdolna@krtk.elte.hu
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distribution, industrial policy, domestic supplier integration and value-chain
positioning.

RESULTS

The comparison identifies two adaptation pathways. Poland follows path
extension, concentrating EV investments in existing automotive regions and
building on established supplier networks. Hungary pursues spatial
reconfiguration, attracting Asian battery producers to new industrial hubs. While
Hungary expanded capacity more rapidly, Poland shows stronger domestic
embeddedness. Both models involve trade-offs between competitiveness,
upgrading and dependency.

DISCUSSION / POLICY IMPLICATIONS

Successful integration into emerging EV value chains does not automatically lead
to industrial upgrading. While Poland's model favours stronger embeddedness
and incremental upgrading, Hungary's strategy enables rapid capacity expansion
but increases external dependence and structural vulnerabilities. The comparison
suggests that green industrial policies should complement FDI attraction with
measures supporting domestic supplier development, innovation capabilities and
regional resilience.

CONCLUSION

Integrated peripheral economies can follow different spatial adaptation pathways
during technological transitions. Rather than treating EV-related FDI as a
homogeneous phenomenon, it distinguishes between path extension and spatial
reconfiguration as alternative development strategies. The comparison highlights
that long-term competitiveness depends less on the volume of attracted FDI than
on the extent to which FDI becomes embedded in domestic innovation systems
and regional economies.
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ENVIRONMENTAL EFFICIENCY ASSESSMENT OF SERBIAN NON-
METALLIC INDUSTRY - A DEA BASED APPROACH
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INTRODUCTION

This study aims to evaluate the environmental efficiency of ceramic, brick, tile,
and cement manufacturing enterprises listed in the Pollutant Release and Transfer
Register (PRTR) in Serbia between 2014 and 2020 by employing Data
Envelopment Analysis (DEA). We focus on the non-metallic mineral products
industry, given its relatively high emission levels and energy intensity. In this
context, environmental efficiency requires manufacturing enterprises to maximise
desirable outputs while minimising undesirable inputs that contribute to
environmental degradation.

LITERATURE REVIEW / THEORETICAL BACKGROUND

DEA-based assessments of environmental efficiency span diverse industries and
regions, ranging from early studies on the cement industry of worldwide countries
(Oggioni et al., 2011; Riccardi et al., 2012; Muhammad et al., 2018; Dirik et al.,
2019) to recent, large-scale applications (Debbarma et al., 2025; Issa et al., 2025;
Aprilinda and Kusumawardani, 2026; Hossain et al., 2026). DEA-applied studies
often incorporate emissions as undesirable input or output variables to measure
their impact on the efficiency of enterprises or national economies. To the best of
our knowledge, our study is among the first to apply DEA to assess the
environmental efficiency of the non-metallic mineral products industry in Serbia, a
highly relevant sector due to its significant energy intensity and emission levels.
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METHODOLOGY

The DEA model, originally developed by Charnes et al. (1978), is applied in this
study to evaluate the environmental efficiency scores of the sampled Serbian
enterprises as decision-making units (DMUs). The DEA model specifies total air
emissions, material costs, and energy and fuel costs as inputs, while total revenue
serves as the single output. Revenue and material, electricity and fuel cost data
are obtained from the Serbian Business Registers Agency, and air emissions data
from the Serbian Environmental Protection Agency (PRTR register). An input-
oriented DEA model under variable returns to scale (VRS) is applied, as enterprises
generally have greater control over the utilisation of inputs than over the level of
outputs. The VRS assumption accounts for differences in the scale of operations
across enterprises and provides estimates of pure technical efficiency.

RESULTS

The results indicate that, during the observed period, enterprises in the cement
industry achieved the highest efficiency (annual average 0.8774), followed by the
ceramics industry (0.8733) and the brick and tiles industry (0.5953). Efficiency
scores range from 0 to 1, with a score of 1 indicating optimal efficiency. The
efficiency of cement enterprises and ceramic manufacturers was relatively stable
over the analyzed period, while brick and tiles manufacturers noticed significant
changes in annual efficiency scores. The observed differences across industries
may reflect variations in production technologies, resource utilisation, and
environmental management practices. The relatively high and stable efficiency of
cement and ceramics enterprises suggests more consistent resource management
and production processes, whereas the greater variability observed in the brick
and tile industry may indicate differences in operational practices, technological
capabilities, or adaptation to changing market and environmental conditions.

DISCUSSION / POLICY IMPLICATIONS

DEA efficiency analysis can help policymakers align environmental regulation with
EU standards and encourage managers in emission and resource-intensive
industries to improve environmental efficiency. As the results reveal considerable
differences in environmental efficiency across the analyzed industries, policy
measures should be tailored to industry-specific needs. In particular, enterprises
in the brick and tiles industry, which exhibited the lowest average efficiency,
should be encouraged to adopt alternative raw materials, invest in energy-
efficient technologies, and implement more effective resource management
practices. Meanwhile, the relatively high and stable efficiency achieved by
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enterprises in the cement and ceramics industries suggests that their practices
could serve as benchmarks for less efficient industries. By promoting targeted
environmental policies and disseminating of best practices, enterprises can
improve both their environmental and economic performance while
strengthening their long-term competitiveness and reputation.

CONCLUSION

The research results indicate that cement manufacturers achieved the highest
efficiency, whereas brick and tile enterprises were the least efficient, presenting
opportunities for additional emission reductions and cost savings through
improved resource use. Performance measurement and benchmarking enhance
informed decision-making and drive sustainable growth. Future research could
expand the analysis to include additional industrial sectors in Serbia or conduct a
comparative study of these industries across Western Balkan countries.
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metallic mineral products industry
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INTRODUCTION

The global housing sector accounts for approximately 36% of total energy
consumption and nearly 40% of CO, emissions, making the transition to nearly
zero energy buildings (NZEBs) a critical sustainability priority. Despite advances in
green building technologies, widespread adoption are constrained by high R&D
costs and limited access to proven solutions. With over 150 million publicly
accessible patent documents, a vast repository of validated technical knowledge
remains largely underutilized in sustainable construction. This work project
addresses this gap by proposing a systematic methodology for identifying,
extracting, adapting, and integrating freely accessible patent documentation into
scalable NZEB models. The methodology leverages artificial intelligence (Al)-
including natural language processing (NLP), machine learning classification, and
semantic search- to automate large-scale patent screening and technology
matching, significantly reducing the time and expertise required to build a
comprehensive NZEB solutions database.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Existing literature confirms the critical role of NZEBs in achieving climate targets
(IEA, 2023) while highlighting persistent barriers: high innovation costs,
fragmented technology transfer, and limited knowledge exchange between
patent holders and the construction sector. Studies on patent-driven innovation
(Chesbrough, 2003; WIPO, 2022) show that systematic patent analysis can
significantly accelerate technology adoption. Research on building energy
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performance (Attia et al., 2020) identifies passive design, renewable energy
integration, and smart systems as key NZEB enablers, reflected in the patent
literature through envelope, renewable-energy, and building-automation patent
classes respectively. Recent advances in Al-driven patent analytics, including NLP-
based classification (Krestel et al., 2021), deep learning-based forecasting (Zhou et
al.,, 2020), and language models for semantic search, demonstrate potential to
transform manual patent review into scalable, automated processes. This
research builds on these findings to establish a replicable, Al-enhanced patent-to-
building knowledge transfer framework.

METHODOLOGY

This work develops a four-phase, patent-driven innovation methodology. Phase 1:
Al-Assisted Patent Mapping and Screening- systematic identification of
transferable technologies using keyword-based, bibliographic, abstract-based, and
IPC queries across Espacenet, PATENTSCOPE, and national databases, augmented
by NLP-driven semantic clustering and machine-learning classifiers to
automatically categorize patents by NZEB technology domain (insulation, HVAC,
renewables, smart systems) and filter legally free patents (expired, without a
granted decision, or with unpaid maintenance fees in Serbia). Phase 2: Al-
Enhanced Technology Adaptation- feasibility assessment and optimization of
selected patents for housing applications, supported by Al-based similarity
matching to identify complementary patent families and predictive modelling to
estimate integration costs and energy performance gains. Phase 3: System
Integration- embedding solutions into modular NZEB prototypes. Phase 4:
Validation- simulation-based energy performance testing and scalability
assessment. The interdisciplinary research methodology combines architecture,
engineering, and IPR management.

RESULTS

As this paper presents the methodology and expected (anticipated) results of an
ongoing research project rather than finalized empirical findings, the outcomes
outlined below should be interpreted as projected outputs to be validated
through subsequent implementation and testing phases. Expected results include:
(1) a comprehensive, open-access, Al-structured database of patent-derived
solutions for energy-efficient housing, categorized by technology type using
automated NLP classification and featuring semantic search, recommendation,
and technology-gap analysis capabilities; (2) adapted and optimized technology
integration models for modular NZEB prototypes, advancing from TRL 3—4 to TRL
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7-8; (3) pilot housing unit simulations demonstrating estimated 40-60%
reductions in annual energy consumption, based on preliminary modelling
scenarios; (4) projected CO, reductions of approximately 3-5 tons per household
per year, subject to validation through pilot testing; and (5) a replicable
methodology for patent-driven innovation in sustainable construction, applicable
beyond the project's scope and supporting the development of new patentable
solutions globally.

DISCUSSION / POLICY IMPLICATIONS

Patent documentation is expected to serve as a valuable innovation resource for
sustainable architecture, offering a potentially low-cost, legally robust pathway to
accelerate NZEB development; the extent of this contribution, however, remains
to be confirmed through the project's pilot and validation phases. Rather than
yielding conclusive normative guidance at this stage, project findings are
anticipated to inform building regulations and energy-efficiency standards,
supporting alignment with the European Green Deal and UN SDG 11 (Sustainable
Cities and Communities). On this basis, several policy implications can be
tentatively outlined, pending empirical validation: integrating Al-assisted patent
analysis into national building-innovation strategies, promoting open Al tools for
knowledge transfer in sustainable construction, and creating incentive
frameworks for developers adopting patent-derived solutions. Potential barriers-
regulatory heterogeneity, market adoption inertia, and scaling constraints- are
anticipated to be addressed through proactive stakeholder engagement, pilot
demonstrations, and an adaptive project management structure, though the
effectiveness of these mitigation strategies will itself require empirical assessment
during project implementation.

CONCLUSION

This project presents a novel, replicable methodology for sustainable housing
innovation by converting publicly available patent documentation into practical
building solutions. The project's structured methodology, interdisciplinary
consortium, and clear TRL progression from analysis to market-ready prototype
position it as a high-impact contribution to sustainable construction. By bridging
the gap between patent knowledge and building practice through Al-driven
analytics and automated knowledge extraction, patent documentation
accelerates the transition to nearly zero energy housing in a cost-effective, legally
accessible, and globally scalable way, with direct relevance for researchers,
practitioners, policymakers, and communities.
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INTRODUCTION

Sovereign green bonds have emerged as an important instrument for financing
climate and sustainability objectives. While a growing literature examines green
bond pricing in corporate markets, evidence regarding sovereign issuers remains
limited, particularly in emerging European economies. This study investigates
whether sovereign green bond issuance reduces long-term government
borrowing costs in Central and Eastern Europe (CEE) and whether such effects
persist over time.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The concept of a greenium suggests that investors may accept lower yields on
environ-mentally sustainable securities due to sustainability preferences and
growing ESG mandates. Existing studies report mixed evidence regarding
sovereign green bond pricing, with outcomes varying across institutional settings
and market structures. The present study contributes to this literature by
providing causal evidence from CEE sovereign debt markets, where empirical
research remains scarce. To the best of our knowledge, this is among the first
studies to examine the sovereign greenium in a multi-country CEE setting using
modern staggered Difference-in-Differences estimators.

METHODOLOGY

The analysis uses a balanced monthly panel of twelve CEE countries covering
January 2018 to December 2025 (N =12, T = 96). Four countries issued sovereign
green bonds during the sample period (Poland, Hungary, Serbia and Romania),
while eight countries serve as a control group. To strengthen causal identification,
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propensity-score diagnostics are combined with a staggered Difference-in-
Differences framework. Dynamic treatment effects are estimated using the
interaction-weighted event-study approaches proposed by Sun and Abraham
(2021) and Callaway and Sant’Anna (2021).

RESULTS

The results indicate that sovereign green bond issuance is associated with a statis-
tically and economically significant reduction in benchmark 10-year government
bond vyields. Across specifications, the estimated average treatment effect
corresponds to a decline of approximately 55 basis points in long-term borrowing
costs. Dynamic event-study estimates reveal no systematic pre-treatment effects
and suggest that the yield-compression effect emerges gradually after issuance.
The strongest effects are observed approximately one year following market
entry.

DISCUSSION / POLICY IMPLICATIONS

The findings suggest that sovereign green bonds may provide measurable
financing benefits for governments pursuing green-transition objectives. Lower
borrowing costs can facilitate climate-related public investment while supporting
the development of sustainable capital markets. The results are particularly
relevant for emerging European economies seeking cost-effective financing
mechanisms for environmental and energy-transition projects.

CONCLUSION

This study provides evidence of a sovereign greenium in Central and Eastern
Europe. Using a quasi-experimental framework, the analysis shows that sovereign
green bond issuance is associated with lower long-term government bond yields.
The findings contribute to the growing sustainable finance literature and suggest
that sovereign green bonds may represent a viable policy instrument for financing
climate-transition objectives at lower borrowing costs.
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INTRODUCTION

Sustainable investment (SI) has grown rapidly but unevenly, with emerging
economies attracting less than 15% of flows due to barriers like lack of
transparency and weak regulation (Narayan et al., 2025; Gutsche & Zwergel, 2020;
Hafner, James, & Jones, 2019; Paetzold & Busch, 2014). While FinTech is seen as a
facilitator, how it democratises sustainable investment is less understood. This
study proposes a framework for how FinTech expands access in emerging
economies.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The intersection of Fintech and Sl has gained attention, mainly focusing on Fintech
and firm-level sustainability outcomes. The impact of Fintech on investor Sl
adoption and its mechanisms remains underexplored. The following gap still
remains unanswered in Fintech and Sl literature:

1. How FinTech reduce barriers to sustainable investment in emerging

economies?
2. What are the mechanisms behind FinTech democratising sustainable
finance?
3. What are the factors strengthening or weakening this democratization
process?
METHODOLOGY

To address the research gap, the study conducts a systematic literature review.
Using keywords, 945 studies were retrieved from SCOPUS and Web of Science.

1 Corresponding author, e-mail: 2023rhs9522@mnit.ac.in
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After applying inclusion and exclusion criteria, 48 studies were selected. These
were analysed with Theoretical Concept Synthesis (TCS), a qualitative method that
integrates, refines, and develops theories by identifying recurring concepts and
frameworks across studies into a cohesive framework (Okoli, 2022).

RESULTS

The literature suggests that FinTech reduces barriers to sustainable investment in
emerging economies by increasing inclusion and transparency and lowering costs.
Mobile banking, digital payments, crowdfunding, and P2P lending give unbanked
and small investors access to green finance. Blockchain, tokenisation, and smart
contracts build trust, while Al and big data enhance ESG risk assessment.
Challenges like the digital divide, regulatory issues, cybersecurity, and
greenwashing limit effectiveness. Strong infrastructure, regulation, and financial
literacy are vital to maximize FinTech’s role in democratising sustainable finance.

DISCUSSION / POLICY IMPLICATIONS

To democratise sustainable finance, regulators should align FinTech and ESG
regulations, expand digital infrastructure, improve financial literacy, and
strengthen cybersecurity. FinTech firms should develop inclusive products,
integrate transparent ESG reporting, and collaborate with policymakers and
financial institutions. (Habib, 2025; Bayram, Talay, & Feridun, 2022)

CONCLUSION

This study combines the fragmented literature review to provide a comprehensive
explanation of the mechanism through which Fintech enables SI. The framework
argues that FinTech-enabled innovations broaden participation in sustainable
investment through interconnected mechanisms, but these effects are contingent
upon institutional factors such as digital infrastructure, regulation, literacy, and
trust. Future research can empirically validate the framework and examine its
applicability across different institutional contexts.
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INTRODUCTION

Environmental, social, and governance (ESG) investing has undergone a significant
transformation over the last decade, from a minor concern about ethics to a
substantial financial and risk management strategy. The world’s ESG assets under
management are expected to rise, representing more than one-third of the total
global assets under management. Such a staggering growth is a reflection of a
profound change in investors' mindset about what value means, risks are, and
fiduciary responsibility entails in the context of modern capital markets. Today,
there is considerable debate regarding whether incorporating ESG criteria into
portfolio construction enhances or reduces financial performance. The paper aims
to shed light on these issues, analyse the risk level of ESG portfolios, and explore
whether portfolios incorporating ESG criteria achieve significant financial
performance compared to traditional investment portfolios. To explore whether
the returns of ESG portfolios are higher or lower than those of traditional equity
portfolios, and whether they will produce better risk-adjusted performance.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The modern portfolio theory (MPT) established by Markowitz (1952) claims that
investors aim to achieve the highest expected return for a given risk level.
Through diversification, investors can reduce portfolio risk and achieve the best
risk-return combinations on the efficient frontier. Sharpe (1964), Lintner (1965),
and Mossin (1966) framed the Capital Asset Pricing Model (CAPM), which implies
that any limitation on the investment universe, like those resulting from ESG
screening, theoretically ought to lead to less efficient portfolios and lower returns
since full diversification cannot be attained. An argument used to criticize ESG
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screening. Later expansions of portfolio theory, such as Arbitrage Pricing Theory
(Ross, 1976) and Fama-French multi-factor models (1993,2015), pointed out that
other risk factors (size, value, profitability, and investment intensity) guide the
variation of equity returns. Proponents contend that ESG screening identifies
firms with stronger governance, superior risk management, and greater long-term
resilience, ultimately leading to improved risk-adjusted returns.

METHODOLOGY

The research goal is to understand and provide insights into the influence of ESG
investment on sustainable finance and its significance compared to traditional
portfolios, measuring the MSCI World Index and the MSCI World ESG Leaders
Index. A multifaceted approach is used to examine whether the inclusion of ESG
factors in building investment portfolios, compared with traditional equity
portfolios, differentiates financial results. Primarily qualitative (descriptive,
comparative, and analytical) methods of analysis are exploited to answer research
qguestions. Additionally, the analysis is based on quantitative secondary financial
data and performance measures (returns, volatility, Sharpe ratio, and maximum
drawdown). The research uses historical price data sourced from MSCI, Yahoo
Finance, and Morningstar. Ten years of index performance data collected
(Jan.2014 - Dec.2023) include various market scenarios: bull markets (2014-2019),
the COVID-19 crash and recovery of 2020, and the high-inflation, rising-rate
environment of 2022.

RESULTS

The MSCI World ESG Leaders Index has a slightly higher average monthly return,
combined with a lower monthly volatility when compared to the conventional
MSCI World Index. Both series of data showed a negative skewness, which is
typical for stocks. However, the ESG index shows less extreme negative and
smaller excess kurtosis, indicating that the return distribution of the index is less
prone to extreme events than the traditional benchmark. Annualizing risk and
return performance metrics for both MSCI indices over the entire sample period
clearly demonstrates that the MSCI World ESG Leaders Index is a step ahead
(outperformance of 84 basis points per year) of the standard MSCI World Index
during the entire sample period. At the same time, the ESG index showed a lower
level of annualized volatility, leading to a considerably better Sharpe ratio. To
assess how durable the differences in performance are through different market
conditions, the annualized returns and Sharpe ratios are measured. The results in
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all three sub-periods indicate that the ESG index consistently beats the traditional
benchmark, although the size of the superior performance differs.

DISCUSSION / POLICY IMPLICATIONS

Based on the data analysis, the study confirms that the ESG portfolio slightly
outperformed the traditional one in several aspects, including total return, risk-
adjusted return, and the ability to manage downside risks. These outcomes are in
line with most of the latest research (Friede et al., 2015; Henke, 2016). Increased
volume of ESG-oriented capital flows also opens the door to a debate about the
endurance of ESG performance advantages, especially when ESG stocks are fully
priced at a premium, as has been hypothesized by Pastor et al. (2022). The results
offer a variety of useful, direct applications for investors and portfolio managers.
From the investor perspective, confirmed data that ESG integration does not
consistently damage returns and can lead to even better risk-adjusted returns is
an incredibly significant argument for adding ESG elements into investment
mandates. Regarding portfolio managers, the findings indicate that ESG
integration may be a particularly useful risk management tool.

CONCLUSION

Analysing whether incorporating ESG criteria into portfolios leads to better or
worse financial results, as compared with traditional equity portfolios, the data
empirically showed that ESG integration does not come at the expense of financial
performance. The ESG portfolio slightly outperformed the traditional portfolio on
various performance measures (total return, Sharpe ratio, and maximum
drawdown) over the examined period. Results add to the accumulating evidence
that ESG investing can align with financial performance goals without
compromising them and, independently, offer risk management benefits,
especially during market downturn periods. Generally, the research data confirm
that integrating ESG considerations into portfolio building could also be a way of
adding value in equity investment management, perfectly aligning with the long-
term goals of responsible and sustainable finance. A limitation of the study
(mainly based on the MSCI ESG rating methodology) can be overcome by
evaluating and comparing the influence of different ESG data vendors and
assessment frameworks on performance results.

KEYWORDS
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BETWEEN THE SECOND AND THE THIRD UNBUNDLING:
DIGITALISATION AND GVC POSITIONING IN CESEE AND THE
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INTRODUCTION

Global value chains account for almost half of world trade (World Bank, 2020).
CESEE and Baltic economies are deeply yet asymmetrically integrated:
downstream positioning exceeds upstream positioning, reflecting their role as
assembly platforms within “Factory Europe” (Baldwin & Lopez-Gonzalez, 2015;
Stollinger, 2021). As de-risking and nearshoring reconfigure European production
networks, the paper examines how digitalisation is associated with the position
these economies occupy within European production networks.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The analysis builds on Baldwin’s (2022) unbundling framework: after separating
production from consumption and fragmenting manufacturing stages, a “third
unbundling” enables trade in tasks in intermediate services. Digitalisation acts as a
coordination technology lowering discovery, compliance and communication
costs; by widening firms’ access to foreign intermediates, it shifts economies
toward later production stages (Antras, 2020; Ha, 2024; Gopalan et al., 2022).
Firm-level evidence points in the same direction. The adoption of digital
technologies raises both the likelihood and the depth of participation in value
chains (Afién Higdn et al., 2026), and digital platforms lower the fixed costs that
keep smaller firms out of supply chains (Ganne & Lundquist, 2019; Lundquist &
Kang, 2021). What makes the third unbundling operative is the falling cost of
trading intermediate services across borders, even though distance continues to
constrain such trade more than it constrains trade in final services (Grewal, 2023).
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METHODOLOGY

A fixed-effects panel model is estimated for 13 CESEE and Baltic economies over
2010-2022. Downstream GVC positioning—an index of the production stages
embodied in output, capturing proximity to final demand (Mancini et al., 2024),
built on trade-in-value-added accounting whose construction and limitations are
set out in Aslam et al. (2017) —is regressed on lagged linear and quadratic terms
of enterprise e-commerce turnover, with controls for broadband penetration,
secondary school enrolment, regulatory quality and FDI inflows. Enterprise e-
commerce turnover and broadband penetration are taken from Eurostat,
secondary school enrolment and FDI inflows from the World Bank's World
Development Indicators, and regulatory quality from the Worldwide Governance
Indicators. Standard errors are clustered by country, while one-year lags mitigate
simultaneity.

RESULTS

The estimates are indicative of a U-shaped relationship between digitalisation and
downstream GVC positioning: the linear e-commerce term is negative and the
guadratic term positive, both statistically significant. The implied turning point lies
at around one-tenth of enterprise turnover in e-commerce, broadly consistent
with Ha (2024), although that study measures participation in value chains rather
than position within them. Regulatory quality is negatively associated with
downstreamness, while broadband, secondary school enrolment and FDI inflows
show no robust short-run effects.

DISCUSSION / POLICY IMPLICATIONS

The link between digitalisation and value-chain positioning has two phases.
Where e-commerce use remains low, wider adoption is associated with fewer
production stages embodied in output. This is consistent with firms using digital
channels to source directly and bypass intermediaries. Beyond a certain point the
association becomes positive, which is what would be expected if digital tools are
used to coordinate with partners rather than only to trade. The reversal occurs at
around one-tenth of enterprise turnover generated through e-commerce. Four
qualifications apply. First, the threshold is estimated for economies rather than
for firms. It marks the level at which digital use becomes widespread enough to
shift the country indicator, and it is not a benchmark for any individual firm.
Second, the index measures position in the chain, not value captured. Whether a
shift constitutes upgrading depends on which activities accompany it (Stollinger,
2021). Third, broadband shows no robust effect, but this is not evidence that
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connectivity is unimportant. Penetration is close to saturation across the sample,
leaving little variation from which an effect could be identified. Fourth, the
negative sign on regulatory quality is more plausibly a composition effect than a
cost of regulation, since the better-regulated economies in the sample are also
those specialised in earlier production stages. The findings also permit a cautious
reading at the firm level, though the model is estimated on country averages.
Weak returns during the early stage of adoption are consistent with the estimated
pattern and need not indicate failure. The positive association emerges where
digital tools are applied jointly with suppliers and buyers, not only to sales. For
policy, the operative margin over this horizon appears to be the intensity of
enterprise use rather than access alone. Evaluation horizons should be set
accordingly, since programmes assessed too early are observed in the phase
where the association remains negative.

CONCLUSION

The evidence points to a non-monotonic association between digitalisation and
GVC positioning, initially negative and turning positive beyond the estimated
threshold. To our knowledge, this is among the first assessments of the
digitalisation—GVC nexus for the CESEE and Baltic economies. The results identify
the intensity of enterprise digital use rather than access as the relevant margin
over this horizon: the shift from digital access to digital capability appears to
accompany changes in the region's position within European production
networks.
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INTRODUCTION

Digital transformation has become a strategic priority of the European Union, with
digital public services representing a key component of modern public
administration. The level of digital maturity reflects the ability of public
institutions to provide accessible and user-oriented services. This paper evaluates
the current state of digital public services in Slovakia from a European
perspective.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Digital public services represent an important dimension of digital transformation
and are closely associated with the concepts of e-government and digital
maturity. Contemporary literature emphasizes that the successful digitalization of
public services depends on technological infrastructure, institutional capacity,
digital skills, and user adoption. The level of digital maturity is commonly assessed
through composite indicators that enable comparisons between countries and
support the evaluation of progress in public sector digitalization.
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METHODOLOGY

The study applies a quantitative comparative analysis based on secondary data
obtained from European digitalization indicators. The analysis focuses on the level
of digital maturity of public services in Slovakia and its comparison with other
European Union Member States. Descriptive statistical methods and comparative
evaluation are used to identify development trends and Slovakia’s relative
position within the European context.

RESULTS

The analysis indicates that Slovakia has achieved gradual progress in the
digitalization of public services; however, its level of digital maturity remains
below the European Union average. The strongest performance was observed in
the availability of selected online public services, while weaknesses persist in
service integration and user adoption. Significant disparities continue to exist
between Slovakia and the most digitally advanced European countries.

DISCUSSION / POLICY IMPLICATIONS

The findings suggest that improving digital public services requires not only
technological investments but also stronger institutional capacity and greater user
engagement. Particular attention should be devoted to enhancing service
interoperability, accessibility, and user experience. Policymakers should support
the further modernization of public administration to reduce the gap between
Slovakia and the most digitally advanced European countries.

CONCLUSION

Digital public services have become an essential component of public sector
modernization and overall digital development. Although Slovakia has made
progress in recent years, differences compared with digitally advanced European
countries remain evident. Continued efforts to improve service quality,
accessibility, and user adoption are necessary to strengthen the digital maturity of
public services and support long-term public sector efficiency.
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INTRODUCTION

Generative artificial intelligence (GenAl) enables small and medium-sized
enterprises (SMEs) to use Al at low cost and with limited technical prerequisites.
Still, use can precede internal guidance, staff training and legal review. In an OECD
survey, 31% of SMEs reported GenAl use, whereas no more than one-third of
users had adopted training, internal guidelines or structured legal review (OECD,
2025). This paper addresses the resulting gap between rapid uptake and
responsible innovation.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Generative-Al governance requires operational mechanisms, not high-level
principles alone (Mittelstadt, 2019). GenAl creates privacy, intellectual-property,
sensitive-information and validation challenges (Taeihagh, 2025; Dwivedi et al.,
2023). The EU’s risk-based framework and NIST’s Al Risk Management Framework
point to proportionate governance, risk management and accountability
(European Commission, 2026; Tabassi, 2023).

1 Corresponding author e-mail: kalina.trenevska-blagoeva@eccf.ukim.edu.mk
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METHODOLOGY

The study applies an integrative literature review and documentary analysis.
Sources were selected for peer-review status or institutional authority, direct
relevance to GenAl governance in SMEs, and publication currency; they include
OECD evidence and EU/NIST documents. RQ1 examines risks and capability gaps;
RQ2 identifies responsible-use practices and public support; RQ3 develops a
proportionate SME governance framework. The selected material was
thematically coded.

RESULTS

The synthesis identifies five interdependent gaps: unclear use-case boundaries;
data confidentiality and intellectual-property exposure; insufficient Al literacy;
weak human review of outputs; and limited documentation, monitoring and
escalation procedures. Evidence suggests that the constraints are practical rather
than merely attitudinal: among non-adopting SMEs, 54% cite legal/copyright
concerns, 52% concerns about information entered into models and 50% skill
deficits (OECD, 2025).

DISCUSSION / POLICY IMPLICATIONS

The framework operationalizes generic Al risk-management approaches for SMEs
through: (1) risk-based use-case classification; (2) data and confidentiality
safeguards; (3) Al literacy and acceptable-use guidance; (4) human validation of
consequential outputs; and (5) documentation, monitoring and escalation.
Proportionate governance scales controls to use-case risk and SMEs’ limited
expertise, time and resources, avoiding enterprise-grade compliance burdens.

CONCLUSION

The paper argues that responsible GenAl governance should be treated as an
enabling innovation capability rather than a compliance burden. The framework
responds to RQ1l by identifying operational, data and skills gaps; to RQ2 by
specifying organizational practices and public support; and to RQ3 by integrating
innovation with proportionate safeguards. It offers SMEs and innovation-policy
actors a practical route from informal experimentation to accountable, scalable
GenAl use.
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INTRODUCTION

The intersection of digital public governance-GovTech and public financial
management (PFM) represents a vital structural shift for post-socialist transition
economies. For Western Balkan states like North Macedonia, modernizing
revenue administration is a foundational requirement for domestic resource
mobilization, macroeconomic resilience, and EU accession. This extensive
informality erodes the domestic tax base, distorts forecasting, and constrains
public infrastructure investments. While policy reports focus on micro-level
compliance, a distinct gap persists in empirical literature regarding how
standardized, machine-readable data streams enable automated machine
learning workflows and transmit into macro-fiscal variables. We analyze the e-
Faktura architecture as a foundational data lake for Al, define the econometric
transmission channels through which automated fraud detection expands public
capital expenditures, and evaluate the structural impact on Macedonian national
output.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Integrating Al and ML into tax administration marks a shift from reactive auditing
to proactive Compliance Risk Management (CRM), encapsulating the OECD’s Tax
Administration 3.0 vision (2026). In transition economies, deploying advanced
analytics focuses on compressing tax gaps caused by the shadow economy and
complex (VAT) evasion schemes (2025). Predictive accuracy in ML is
fundamentally bound to data standardization (Alnowiser, 2026). Traditional fiscal
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oversight was constrained by unstructured reporting formats like physical ledgers
or PDFs, which introduced processing latency and data fragmentation (2026).
Mandatory electronic invoicing under CTC models addresses this by converting
B2B transaction flows into uniform XML schemas using standardized Universal
Business Language (UBL) syntax (EDICOM, 2026). This transition yields
homogeneous datasets that can be immediately processed by ML algorithms
without text-preprocessing distortion. However, the literature cautions that
realizing these gains depends on institutional execution, mitigating algorithmic
biases embedded in legacy datasets, and public sector human capital retention to
limit external vendor dependencies (Peixoto et al., 2024; 2024).

METHODOLOGY

This study utilizes a two-stage structural methodology calibrated to the
institutional parameters of North Macedonia during its e-Faktura implementation
framework. First, the algorithmic ingestion layer is modeled. Real-time transaction
records from the e-Faktura platform are treated as structured XML inputs.
Through API linkages, these inputs are cross-referenced with customs databases,
corporate registries, and banking transaction streams to generate multi-
dimensional feature sets for automated anomaly detection. Second, the structural
macro-fiscal reallocation channel is defined. The revenue recaptured from the
informal sector via machine learning intervention is transferred directly into the
national budget’s capital expenditure account. This reallocates funds from the
informal "leakage" sector into public investment without increasing statutory tax
rates or expanding the fiscal deficit.

RESULTS

The empirical analysis estimates the long-run and short-run dynamics linking
algorithmic tax enforcement e-Faktura mechanisms to real output expansion in
NMK. Estimations are performed using quarterly time-series data spanning from
2018: Q1 to 2025: Q4. Before implementing the (ARDL) estimation, we verify the
integration properties of the variables using the (ADF) and (PP) tests. The results
confirm that the variables exhibit a mixture of 1(0) and (1) properties, with no
variable integrated of order I(2) or higher, justifying the application of the ARDL
bounds testing approach. Because the computed F-statistic (5.42) strictly exceeds
the upper critical bound at the 1% significance level, we reject the null hypothesis
of no cointegration. This confirms a stable, long-run equilibrium relationship
among real GDP, capital expenditure, the size of the shadow economy, and the
tax-to-GDP ratio. The optimal lag structure is selected as ARDL (1, 2, 0, 1) based on
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the minimum Akaike Information Criterion (AIC). Conversely, the shadow
economy exerts a highly restrictive effect on real GDP (B= -0.312, p = 0.002),
proving that informal economic leakages persistently suppress NMK productive
capacity.

DISCUSSION / POLICY IMPLICATIONS

The econometric results and structural simulations yield targeted, actionable
policy implications for the MF and economic planners in the WB, rather than
treating digitalization as a passive administrative upgrade, these insights form a
strategic blueprint for maximizing the macroeconomic returns on GovTech
investments: Institutionalizing a Dedicated Fiscal Reallocation Rule,the empirical
model demonstrates that the macroeconomic output dividend is entirely
dependent on the structural reallocation parameter a= 1. If recovered revenue is
absorbed by current public consumption, the fiscal spending multiplier drops
close to 0, neutralizing the growth effect. The MF should establish a
formal/GovTech Fiscal Dividend Rule and targeted Allocation. These funds should
be automatically directed into (CAPEX) projects possessing high localized
multipliers, such as regional transport infrastructure, digital connectivity grids,
and green energy transitions mitigating public sector BrainDrain via Hybrid Human
in theLoop Structures.

CONCLUSION

The integration of Al into public sector fiscal policy in NMK is transitioning from a
conceptual framework into an operational reality. As demonstrated by our
structural macro-fiscal analysis, the rollout of the mandatory e-Faktura platform
provides the essential data foundation for advanced data science. By
standardizing non-cash B2B and B2G transactions into structured, real-time
machine-readable XML feeds, the platform constructs the comprehensive data
lakes required to run unsupervised anomaly detection and graph-based network
analysis. Our simulations confirm that when advanced compliance technologies
successfully target systemic structural challenges like theShadow economy, the
macroeconomic dividends extend far beyond administrative optimization. By
capturing informal leakages and formalizing transactions, the state expands its
fiscal space without increasing baseline statutory tax rates.

KEYWORDS

Algorithmic Tax Enforcement, Continuous Transaction Controls (CTC), macro-fiscal
transmission channels, shadow economy, North Macedonia
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INTRODUCTION

Firms invest heavily in digital transformation, yet performance effects are
heterogeneous (Verhoef et al., 2021). Digitalization translates into
competitiveness mainly when firms convert digital maturity into innovation
capability, while innovation is enabled by digital solutions (Ferreira et al., 2024).
EU rankings show a persistent innovation-digitalization gap between north-central
and south-eastern Europe (Tutak & Brodny, 2024; Marti & Puertas, 2023), making
Eastern Europe well suited for examining how digital and innovation capabilities
co-evolve and shape firm competitiveness.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The study builds on dynamic capabilities theory (Teece et al., 1997), integrated
with the Technology-Organization-Environment (TOE) framework (Tornatzky et
al., 1990). Digital organizational capabilities and innovation capabilities are
theorized as mutually reinforcing antecedents of competitiveness, while
innovation ecosystem embeddedness represents the environmental dimension
through which firms sense, seize, and reconfigure resources for digitalization and
innovation.

METHODOLOGY

Data were collected via the corporate questionnaire survey of the
Competitiveness Research Centre at Corvinus University of Budapest, covering
335 Hungarian medium- and large-sized firms across manufacturing, construction,
trade and transportation (Chikan et al., 2025). Constructs were derived from the
Firm Competitiveness Index (Chikan et al., 2022) via exploratory factor analysis;
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hypothesized relationships were tested using PLS-SEM (SmartPLS 4) with
bootstrapping (10,000 subsamples).

RESULTS

Results show that the Level of digitalization (B = 0.381, p < 0.001) and Innovation
capabilities (B = 0.396, p < 0.001) both have a significant, direct positive effect on
Firm competitiveness. Innovation ecosystem embeddedness and Digital
organizational capabilities show no significant direct effect on competitiveness (p
=0.044, p = 0.421; f = 0.010, p = 0.857, respectively); instead, their influence is
fully mediated through Innovation capabilities and the Level of digitalization. The
total indirect effect of Innovation ecosystem embeddedness on Firm
competitiveness is substantial (0.396, p < 0.001), yielding the largest total effect in
the model (0.441, p < 0.001), while the effect of Digital organizational capabilities
is likewise fully mediated (indirect effect = 0.144, p < 0.001; total effect = 0.153, p
< 0.01). The model explains a substantial share of variance in the Level of
digitalization (R? = 0.633), Firm competitiveness (R? = 0.543) and Innovation
capabilities (R? = 0.292). These findings highlight the mediating role of innovation
capabilities and the interdependent nature of digitalization and innovation in
driving firm performance.

DISCUSSION / POLICY IMPLICATIONS

The results show that digitalization and innovation capabilities mutually reinforce
each other, while ecosystem embeddedness acts as a catalyst that is converted
into competitiveness only through internal innovation capabilities and
digitalization (cf. Kraus et al., 2023). Results may inform policymakers on
designing support instruments that jointly target digital and innovation capability-
building — for instance by strengthening digital leadership (Didssy et al., 2025) —
particularly for firms in south-eastern Europe facing persistent competitiveness

gaps.

CONCLUSION

This study contributes to the literature by jointly examining digitalization,
innovation, and ecosystem embeddedness as interrelated drivers of firm
competitiveness in an Eastern European context. By integrating dynamic
capabilities theory with the TOE framework, it offers a more holistic
understanding of how capability co-evolution translates into sustained
competitive advantage for catching-up economies.
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INTRODUCTION

Digitalization within the agricultural sector fundamentally alters the accounting
function. The integration of Artificial Intelligence (Al) and the Internet of Things
(loT) enables accountants to transition from retrospective recording to proactive
management (Korobeynikova et al., 2021; Odonkor et al., 2024). These
technologies successfully overcome the information asymmetry existing between
the field and the office. The objective of this study is to examine how precision
agriculture and digital reporting support strategic decision-making aimed at
sustainable growth.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Al automates routine tasks and enhances financial forecasting accuracy (Odonkor
et al., 2024). Business Intelligence (Bl) tools, such as OLAP, facilitate
multidimensional cost analysis (Namdarian, 2013). Furthermore, integrating
Financial Accounting (FFA) with Farm Management Information Systems (FMIS) is
critical for environmental reporting (Poppe et al.,, 2023; Tingey-Holyoak et al.,
2021). Precision agriculture optimizes farm productivity through site-specific data
(Budzko & Medennikov, 2021; Mukhamedova et al.,, 2022; Schimmelpfennig,
2018).

METHODOLOGY

This study employs a design science research methodology to develop automated
data streams. A systems approach evaluates data integration via a novel
conceptual model proposed in this study, "Agro-EMA-AI+". It integrates three
main components: loT field sensors, an Al module for multidimensional cost
analysis, and an accounting interface for ESG reporting. Grounded in I1ISO 14051
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standards for EMA and MFCA (ISO, 2011), the model structures environmental
reporting. Empirical data from agricultural enterprises in the EU and Bulgaria
(2021-2025) sourced from FADN, Eurostat, and NSI were analyzed using
comparative and statistical methods (Eurostat, 2025; FADN, 2025; NSI, 2025).

RESULTS

Empirical analysis of FADN and Eurostat data reveals that Al reduces operating
expenses by 18.2% through optimized fertilizer and fuel allocation. Implementing
loT moisture-tracking software enhances water productivity by 42%, directly
lowering unit production costs. VRT and GPS technologies enable precise cost
allocation down to the field level. Furthermore, automated reporting reduces
audit lead times nearly fourfold and elevates green subsidy approval rates to
87.5% (Eurostat, 2024).

DISCUSSION / POLICY IMPLICATIONS

The deployment of these technologies transforms the role of the accountant into
a business consultant capable of identifying "hidden" environmental liabilities
(Odonkor et al., 2024; Tingey-Holyoak et al., 2021). Digital EMA has become a
prerequisite for compliance with the EU's ESG reporting mandates. Policymakers
must incentivize invoice digitalization (UBL format) to enable "robotic
accounting." This intervention will mitigate administrative burdens and ensure
transparency in sustainable resource management (Poppe et al., 2023).

CONCLUSION

Digitalized management accounting, empowered by Al, serves as a pivotal driver
of sustainability. It successfully eliminates information asymmetry and provides a
reliable foundation for managerial decisions. The future of the agricultural sector
hinges on the symbiosis of technological innovation and traditional accounting
methods. Integrating sensor data into accounting frameworks constitutes a
fundamental pillar in the transition toward a circular economy and the effective
management of natural capital.

KEYWORDS

Artificial intelligence (Al), precision agriculture, management accounting,
digitalization, sustainability
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A PRISMA-GUIDED SYSTEMATIC REVIEW OF SUSTAINABILITY
COMMUNICATION, CONSUMER TRUST AND GREENWASHING
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INTRODUCTION

Digital and green transformation has altered the way firms make environmental
value visible. Green marketing now unfolds through websites, social media, e-
commerce and automated content, where consumers meet claims before
products. This review examines whether digital technologies strengthen
sustainability communication or simply make greenwashing travel faster. The aim
is to clarify the trust conditions under which digital green marketing becomes
persuasive, credible and useful.

LITERATURE REVIEW / THEORETICAL BACKGROUND

The framework combines green marketing strategy, digital and social media
marketing, green trust and greenwashing. Green marketing is approached as a
strategic system for sustainable value communication, not only promotion
(Dangelico & Vocalelli, 2017). Digital channels shape attention and response
(Dwivedi et al., 2021). Trust is fragile when claims create confusion, perceived risk
or scepticism, as shown by Chen and Chang (2013) and Leonidou and Skarmeas
(2017).
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METHODOLOGY

A PRISMA-guided systematic review used a Web of Science (WoS) export covering
2020 to 2026 and PRISMA logic for record selection (Page et al., 2021). The query
combined green marketing, green advertising, sustainability communication,
digital marketing, social media, e-commerce, artificial intelligence, consumer trust
and greenwashing. The exports contained 50 records. After 4 exclusions, 46
studies remained, with 38 core consumer studies and 8 contextual transparency
studies.

RESULTS

Preliminary synthesis of the 46 retained WoS records indicates that digital green
marketing is mainly discussed through social media and digital platforms, followed
by sustainability communication, green advertising and purchase intention.
Keyword coding also shows a strong focus on trust, credibility and transparency,
while greenwashing, skepticism and confusion appear as central barriers. Al and
blockchain are emerging but remain less frequent.

DISCUSSION / POLICY IMPLICATIONS

The synthesis indicates that digital technologies are conditional enablers of green
marketing. They enhance reach and interaction, yet their value depends on
verifiable proof and credible disclosure. Misleading claims can erode consumer
confidence and market legitimacy, as argued by Delmas and Burbano (2011) and
Schmuck et al. (2018). Interactive websites may also increase perceived
greenwashing when evidence is weak (Szabo & Webster, 2021). Verification
should become visible to users.

CONCLUSION

The review positions digital green marketing as a trust-sensitive process. Digital
tools can improve sustainability communication when they reduce information
asymmetry and make claims verifiable. When communication remains vague, the
same tools can intensify scepticism and weaken purchase intention. The study
contributes a concise framework linking digital channels, transparency, green
trust and greenwashing risk, while identifying Al and blockchain as emerging
research directions.
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INTRODUCTION

Healthcare waiting lists have traditionally served as administrative tools for
recording patient demand and monitoring access to healthcare services. Although
healthcare systems have invested heavily in digitalization, these efforts have
primarily improved data collection rather than transforming healthcare access
management. This paper argues that digital transformation should be viewed as a
progression from passive record-keeping towards active, data-driven governance
of healthcare access.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Previous studies have focused on patient prioritization methods (Déry et al., 2020;
Rathnayake et al., 2021), reducing waiting times through organizational redesign
(Lewis et al., 2018), advanced access models (Murray & Berwick, 2003; Rose et al.,
2011), digital transformation (Hameed et al., 2024; Schiffelers et al.,, 2025;
Stoumpos et al.,, 2023), and digital prioritization and scheduling tools (Lopes
Pécora et al.,, 2025; Vromans et al.,, 2026). However, little attention has been
devoted to how centralized digital infrastructures can support continuous
monitoring of healthcare access or identify emerging systemic failures such as
priority erosion.

METHODOLOGY

The study combines a longitudinal descriptive analysis of Slovenia's national
waiting-list data (2020-2025) with the development of a conceptual digital
maturity framework for healthcare access management. The framework
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integrates evidence from patient prioritization, digital transformation, healthcare
operations, and scheduling optimization literature to explain how analytical
capabilities evolve alongside digital maturity.

RESULTS

The analysis identifies a substantial increase in the proportion of patients assigned
to the highest priority category, providing empirical evidence of priority erosion as
an emerging systemic phenomenon. The findings show that traditional indicators,
including average waiting time and waiting-list size, fail to detect this
deterioration. In contrast, centralized digital data enable continuous monitoring
of prioritization behaviour, patient flows, scheduling performance, and access
dynamics.

DISCUSSION / POLICY IMPLICATIONS

The proposed framework conceptualizes healthcare access management as a
progression from administrative waiting lists towards intelligent decision-support
systems and digital twins. It argues that digital maturity should be accompanied
by analytical and governance maturity, enabling healthcare systems not only to
describe access problems but also to detect emerging risks, evaluate policy
interventions, and support proactive management of demand and capacity.

CONCLUSION

This paper introduces priority erosion as a measurable indicator of declining
prioritization performance and positions it within a broader digital maturity
framework for healthcare access management. By shifting the focus from waiting-
list administration to active system governance, the study extends existing
literature on healthcare digital transformation and provides a conceptual
foundation for future digital twin applications in health-system management.
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Healthcare waiting lists, digital transformation, Healthcare access, priority

erosion, digital twin
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INTRODUCTION

Industry 5.0 explains a new development paradigm emphasizing the synergy
between advanced technologies and people, placing human needs, sustainability,
and resilience of organizations at the center of business development (Breque et
al.,, 2021; lli¢ et al., 2026). Agentic Artificial Intelligence (Agentic Al) is the next
stage of artificial intelligence development, enabling autonomous planning,
decision-making, and continuous learning with active collaboration with humans
(Kaplan & Haenlein, 2025). Unlike generative artificial intelligence, Agentic Al is
not only a decision support tool, but an intelligent agent capable of managing
processes independently. The pronounced application of intelligent technologies
is changing the role of human resources management (HRM), becoming a
strategic driver of innovation, human capital development, and organizational
competitiveness in the era of Industry 5.0 (lli¢, 2023). The paper aims to present a
conceptual framework explaining how Agentic Al transforms HRM into a strategic
function for entrepreneurial innovation and human capital development.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Contemporary literature indicates that Industry 5.0 presents the evolution of
previous industrial revolutions, shifting the focus from full automation to a
human-centric approach, sustainability, and resilience of organizations,
emphasizing the synergy between people and intelligent technologies (Breque et
al., 2021; Nahavandi, 2019). Parallel to the development of generative artificial
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intelligence, the concept of Agentic Al appears, which implies intelligent systems
capable of autonomous planning, coordination, task execution, and adaptive
decision-making with minimal human intervention (Shneier et al.,, 2025;
LangChain, 2024). In the field of human resources management, Agentic Al opens
up new opportunities for improving the process of recruitment, selection, talent
development, competence management, career planning and strategic decision-
making, whereby the function of human resources grows from an administrative
to a strategic organizational function (Minbaeva, 2021; Vrontis et al., 2022). At the
same time, entrepreneurial organizations increasingly use intelligent technologies
as drivers of innovation (Kraus et al., 2022; Nambisan et al., 2019). Although the
number of studies on the application of artificial intelligence in human resource
management is rapidly increasing, the existing literature mainly analyzes
generative artificial intelligence in HR processes. Integrated conceptual models
linking Agentic Al, strategic human resource management, entrepreneurship, and
Industry 5.0 principles are still not sufficiently developed, which is a research gap
that this paper seeks to fill.

METHODOLOGY

The paper presents a conceptual research based on a systematic review of
contemporary scientific literature from the Scopus, Web of Science, ScienceDirect
and Google Scholar databases (period 2022-2026) in the field of Agentic Al,
human resource management, Industry 5.0 and entrepreneurship. The method of
comparative and critical analysis was applied with the aim of identifying key
trends, challenges, and possibilities of applying autonomous intelligent systems in
human resource management. Based on the knowledge obtained, the original
conceptual model Human-Centered Agentic HR Framework (HCAHF) (Figure 1)
was developed.

Unlike existing conceptual approaches that mainly view the application of artificial
intelligence through individual human resource management functions (such as
recruitment, selection or talent development) the proposed Framework unites
the principles of Industry 5.0, the capabilities of Agentic Al, HRM and
entrepreneurial innovation into a single conceptual framework. Its originality is
reflected in the fact that it places the collaboration between employees and
autonomous intelligent agents at the center of the transformation of the HR
function, linking the development of human capital, organizational resilience and
innovation potential within a single model. Essentially, the most important thing is
that human capital is not threatened, but that it is encouraged to develop through
practical participation.
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HUMAN-CENTERED AGENTIC HR FRAMEWORK (HCAHF)
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Figure 1. Human-Centered Agentic HR Framework
Source: Authors according to Kraus et al., 2022; Nambisan et al., 2019

CONCEPTUAL SYNTHESIS

A conceptual analysis of the relevant scientific literature indicates that Agentic Al
has the potential to transform the human resource management function from a
predominantly administrative to a strategic and development function. Based on
a systematic review of the literature and identified theoretical knowledge, the
Human-Centered Agentic HR Framework was developed, which unites five
interrelated dimensions: (1) strategic leadership based on artificial intelligence, (2)
intelligent talent management, (3) autonomous HR processes, (4) collaboration
between people and intelligent agents, and (5) entrepreneurial innovation. The
original contribution of the proposed model is reflected in the integration of the
mentioned dimensions within the human-centric philosophy of Industry 5.0.
Unlike the existing approaches that mostly consider these elements separately,
the proposed framework shows their mutual connections and indicates that it is
the synergy of employees and autonomous intelligent agents that is the basis for
improving organizational agility, innovation capacity and sustainable competitive
advantage. The findings of the paper represent the result of a conceptual
synthesis conducted through a systematic literature review and can serve as a
theoretical basis for future empirical research.
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DISCUSSION / POLICY IMPLICATIONS

The transformation of the human resources function using Agentic Al requires the
development of new organizational policies that include the ethical management
of autonomous intelligent systems, the development of digital competencies of
employees, and the establishment of transparent decision-making models. Of
special importance are entrepreneurial organizations that, through the
application of Agentic Al, can accelerate innovation, improve knowledge
management, and increase resistance to dynamic market changes. At the same
time, the development of regulatory frameworks and guidelines for the
responsible application of autonomous artificial intelligence is becoming one of
the key challenges of future economic development.

CONCLUSION

Industry 5.0 is changing the traditional understanding of HRM, with Agentic Al
representing one of the most significant technological innovations of the new
generation. Instead of replacing human labor, autonomous intelligent systems
become partners in decision-making, talent development, and innovation
creation. The proposed Human-Centered Agentic HR Framework represents a
conceptual contribution to the understanding of the transformation of human
resource management in the era of Industry 5.0 and can serve as a basis for future
empirical research and the development of strategies that connect artificial
intelligence, entrepreneurship, and sustainable organizational development. A
special contribution of the paper is reflected in the development of a unique
conceptual framework that connects Agentic Al, strategic human resource
management, principles of Industry 5.0 and entrepreneurial innovation. In this
way, the Human-Centered Agentic HR Framework represents a theoretical basis
for future empirical research, but also a basis for the development of
organizational strategies based on the responsible and human-centric application
of autonomous intelligent systems.

KEYWORDS

Agentic Al, human resource management, Industry 5.0, entrepreneurship,
organizational transformation
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INTRODUCTION

The twin green and digital transition is inducing structural transformations in
European labour markets by reshaping employment patterns, occupational
structures, and skill requirements. These changes arise from the interaction of
technological innovation, industrial restructuring, environmental regulation, and
institutional capacity, increasing demand for digital, green, analytical, and
interdisciplinary competencies. Human capital therefore constitutes a central
mechanism through which economies adapt to emerging technological and
sustainability imperatives. Within this framework, workforce resilience denotes
the capacity of workers, organizations, and institutions to anticipate and adapt to
structural change while maintaining labour-market functionality. This study
examines the relationships between innovation capacity, human capital
development, institutional conditions, and labour-market adaptability across the
EU-27, integrating employment dynamics, skills transformation, and workforce
resilience within a comparative analytical framework.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Employment dynamics increasingly reflect interactions among labour supply and
demand, technological progress, productivity, and organizational adaptation (Aji
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& Akbardin, 2024; Lim, 2023). Employment stability and diversification remain
important dimensions of organizational and regional resilience (Auer & Cazes,
2000; Bogdanski, 2021). Concurrently, digitalisation intensifies demand for
reskilling, lifelong learning, digital literacy, critical thinking, and adaptability
(Grama & Todericiu, 2025). Workforce resilience consequently emerges from the
interaction of employee adaptability, organizational capacity, digital
infrastructure, human capital, and institutional conditions (Sony & Mekoth, 2022;
Qazi, 2026).

METHODOLOGY

This study employs a quantitative descriptive research design to examine the
determinants of employment dynamics, skills transformation, and workforce
resilience within the context of the twin transition. Data were collected from
Eurostat and the European Innovation Scoreboard. The analysis includes
indicators describing employment, lifelong learning, digital skills, and labour
productivity. Descriptive statistics and comparative analyses were applied to
identify cross-country differences.

RESULTS

The empirical analysis indicates cross-country heterogeneity in workforce
resilience across the EU-27. Member States characterized by stronger innovation
performance, higher digital-skill levels, and greater R&D intensity generally exhibit
higher employment rates and stronger participation in lifelong learning. Pearson
correlation coefficients indicate positive associations between innovation
performance and employment (r = 0.69), digital skills and lifelong learning (r =
0.72), and renewable-energy deployment and workforce adaptability (r = 0.58).
Nordic and Western European economies display comparatively stronger
resilience profiles, while several Central and Eastern European countries exhibit
greater labour-market vulnerability. Overall, the results suggest that innovation
capacity, skills development, digitalisation, and continuous learning are
systematically associated with stronger workforce adaptability under the twin
transition.

DISCUSSION / POLICY IMPLICATIONS

The findings indicates that workforce resilience depends on the interaction
between technological advancement, institutional effectiveness, and sustained
investment in human capital. Comparative evidence suggests that countries
implementing integrated policies supporting digitalisation, innovation, lifelong
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learning, and workforce reskilling achieve greater labour market adaptability and
stronger economic competitiveness. European policy should prioritise
coordinated investments in education, digital competencies, research capacity,
and active labour market measures to reduce structural skills shortages and
strengthen resilience. Such an integrated policy framework is essential for
ensuring an inclusive, competitive, and sustainable labour market throughout the
European twin transition.

CONCLUSION

The twin transition is transforming labour markets by simultaneously accelerating
digitalization and the shift toward sustainable economic systems. Countries
characterized by stronger innovation performance, greater digitalization, higher
investment in research and development, and wider deployment of renewable
energy technologies generally exhibit more favourable employment outcomes
and enhanced workforce adaptability. Higher educational attainment,
participation in lifelong learning, and the development of digital and green
competencies significantly strengthen workers' ability to respond to evolving
occupational requirements. At the same time, institutional quality, effective
governance, and active labour market policies play a critical role in facilitating
organizational adaptation and reducing the risks associated with skills mismatches
and employment restructuring.
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INTRODUCTION

Digital transformation is reshaping workforce requirements across industries,
increasing the importance of digital capabilities as drivers of innovation,
adaptability, and competitiveness (Dredge et al., 2019; OECD, 2021; WTTC, 2025).
However, workforce preparedness is often inferred from conventional measures
of digital competence, despite limited evidence that digital literacy alone captures
the capabilities needed to support organizational transformation. This discrepancy
is conceptualized in this study as the transformation readiness gap, defined as the
difference between employees’ ability to use digital technologies and their ability
to apply them strategically in support of organizational transformation.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Existing research has primarily focused on technology adoption, digitalization,
employability, and digital skills development (Buhalis & Law, 2008; Chung &
D’Annunzio-Green, 2018; Lam & Law, 2019; Busulwa et al., 2022; Carlisle et al.,
2023). While competence frameworks such as DigComp and related studies
provide valuable insights into digital capabilities (European Commission, 2022;
Van Laar et al., 2017), recent research has also highlighted persistent mismatches
between educational outcomes and evolving competency requirements of
digitally transforming workplaces (Chemli et al., 2024; Stylianou & Pericleous,
2025). Nevertheless, considerably less attention has been given to
transformation-oriented competencies. Building on this gap, the study examines
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transformation-oriented competencies as a distinct dimension of workforce
preparedness in digitally transforming tourism and hospitality environments.

METHODOLOGY

The study distinguishes between foundational digital competence, understood as
the ability to use digital tools, and transformation-oriented competence,
understood as the ability to apply digital technologies strategically for innovation,
problem-solving, and organizational change. The study draws on primary data
collected for the development of the Tourism Development Strategy of the
Republic of Serbia 2026-2030. A survey of 194 employees in the tourism and
hospitality sector, covering catering, tourism organizations, travel agencies,
tourist guiding, tourism inspection, and administrative services, was used to
assess workforce digital competencies across two composite dimensions:
foundational competence and transformation-oriented competence. The latter
was operationalized through the Transformation Readiness Index. Descriptive and
comparative statistical analyses were applied.

RESULTS

The findings reveal a substantial disparity between the two dimensions. On a 0—
100 scale, respondents achieved a high Foundational Competence Index (91.4),
while the Transformation Readiness Index was considerably lower (41.8). The
results further suggest that higher educational attainment is not consistently
associated with stronger transformation-oriented competencies, indicating that
workforce preparedness for digital transformation may be overestimated when
assessed through conventional indicators of digital competence.

DISCUSSION / POLICY IMPLICATIONS

The findings indicate that digital competence and transformation readiness are
related but distinct constructs. From a policy and organizational perspective,
capability-building initiatives should extend beyond digital literacy and place
greater emphasis on innovation, adaptability, problem-solving, and the strategic
application of digital technologies. These capabilities are increasingly critical for
supporting digital transformation in tourism and hospitality organizations.

CONCLUSION

By identifying a substantial transformation readiness gap, the study highlights the
limitations of assessing workforce preparedness solely through conventional
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indicators of digital competence. The findings suggest that, although employees
may demonstrate strong foundational digital skills, these skills do not necessarily
translate into the ability to apply digital technologies strategically for innovation,
problem-solving, and organizational change. In this sense, the key challenge for
tourism and hospitality organizations is no longer only whether employees can
use digital technologies, but whether they can leverage them to support digital
transformation and long-term competitiveness.
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preparedness, capability-building
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INTRODUCTION

Digital transformation is reshaping economic development, public services,
education, healthcare, and everyday life by expanding access to digital
technologies and creating new opportunities for innovation and participation.
However, unequal digital competencies continue to create disparities in
individuals' ability to engage safely and effectively in digital environments. Limited
digital literacy increases vulnerability to online fraud, privacy violations,
misinformation, and digital exclusion, particularly among older adults.
Consequently, digital literacy should be viewed not only as a technological
competence but also as a strategic capability supporting digital inclusion, online
security, and psychological well-being within increasingly digital societies. This
study investigates the role of digital literacy in promoting secure digital
participation and inclusive digital transformation across age groups.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Digital literacy is widely recognised as a multidimensional construct comprising
information literacy, digital communication, content creation, problem-solving,
and online security competencies (List et al., 2022). Recent digital transformation
policies identify digital literacy as a critical component of human capital,
innovation, and social inclusion (European Commission, 2023; OECD, 2023).
Individuals with stronger digital competencies are more likely to participate
confidently in digital services, maintain digital trust, and protect themselves
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against online threats. Emerging evidence also indicates that digital literacy
contributes to psychological well-being by enhancing confidence, autonomy, and
resilience while reducing technology-related anxiety and vulnerability to cyber
risks.

METHODOLOGY

A quantitative cross-sectional design was employed involving 332 participants,
including 152 younger adults (18—35 years) and 180 older adults (50 years and
above). Digital literacy was assessed using the validated Everyday Digital Literacy
Questionnaire (EDLQ), measuring seven competency domains: Information
Literacy, Communication and Social Interaction, Productivity and Content
Creation, Problem-Solving and Self-Efficacy, Ethics and Copyright, Security and
Privacy, and Health Awareness. Additional measures included the WHO-5 Well-
Being Index, secure digital participation, experiences of online security incidents,
and demographic characteristics. Data were analysed using descriptive statistics,
independent-samples t-tests, Pearson correlation coefficients, and hierarchical
multiple regression analyses.

RESULTS

Statistically significant age differences were identified across all seven dimensions
of digital literacy. Younger adults demonstrated higher digital competencies than
older adults, with the largest differences observed in Security and Privacy and
Problem-Solving and Self-Efficacy. These dimensions also exhibited the strongest
associations with secure digital participation and psychological well-being. Higher
levels of digital literacy were positively associated with confident use of digital
services and negatively associated with experiences of phishing, online fraud, and
privacy violations. Older adults possessing stronger digital competencies
demonstrated substantially lower vulnerability to online risks and higher levels of
psychological well-being, highlighting the protective role of digital literacy in
digitally transforming societies.

DISCUSSION / POLICY IMPLICATIONS

The findings demonstrate that digital literacy is a strategic human capability
underpinning inclusive digital transformation, innovation, and sustainable socio-
economic development. Investments in digital infrastructure alone cannot ensure
successful digital transformation unless accompanied by initiatives that
strengthen citizens' digital competencies. Policymakers should integrate digital
literacy into national innovation strategies, lifelong learning systems, digital
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inclusion policies, and healthy ageing programmes. Particular emphasis should be
placed on strengthening online security competencies and problem-solving skills,
as these appear to provide the greatest benefits for secure digital participation
and psychological well-being. Such investments can enhance digital trust, reduce
cyber risks, and promote equitable participation within the digital economy.

CONCLUSION

Digital literacy functions as a catalyst for inclusive digital transformation by
strengthening online security, supporting confident engagement with digital
services, and promoting psychological well-being across age groups. The findings
emphasise that digital competencies should be recognised as strategic human
capital essential for innovation, resilience, and sustainable development. Future
digital transformation policies should therefore combine technological innovation
with investments in lifelong digital literacy programmes that foster secure digital
participation, digital trust, and healthy ageing.
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Digital literacy, digital transformation, online security, psychological well-being,
digital inclusion
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INTRODUCTION

The widespread adoption of the internet and mobile devices has substantially
transformed the way businesses interact with consumers. Previous research
highlights the role of digital technologies, digital marketing strategies, and digital
competencies in improving business performance (Domazet & Lazarevic¢-
Moravcevi¢, 2022; lvanovi¢ et al., 2021; Lazi¢ et al., 2022; Noerhartati et al.,
2023). Identifying the socio-demographic characteristics associated with online
purchasing behavior is important for developing more effective strategies,
enabling companies to better understand their customers and reach new market
segments (Wu, 2024). Evidence on these determinants can also help policymakers
design targeted interventions that contribute to a more inclusive digital society.
Despite the growing body of literature on online purchasing, investigation of
regional patterns regarding socio-demographic characteristics in the Western
Balkans based on harmonized cross-country data remains limited. Addressing this
gap, this study aims to investigate the influence of socio-demographic factors on
the use of mobile phones or the internet for online purchasing in the Western
Balkan region.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Mrdovi¢ (2023) highlights that expanding the use of digital services (e.g., online
shopping, online ordering, and digital banking) is a key priority for the Western
Balkans, with particular emphasis on ensuring equal access for all residents,
strengthening trust, and narrowing the digital divide, given that digitalization
contributes to overall well-being. Addressing this issue is particularly significant
because the Western Balkans still lags behind neighboring European countries and
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has not yet completed its digital transition process. A recent OECD report (2025)
also indicates only modest progress, showing that the share of individuals who
made online purchases remains relatively low compared with the EU average,
suggesting the importance of analyzing the impact of socio-demographic factors
and taking appropriate measures to close the gap in the region. Previous studies
have investigated the association of socio-demographic factors such as gender,
age, education, income, workforce status, and residents’ urbanicity with online
purchasing engagement (lvanovi¢ & Antonijevi¢, 2025; Tutar et al., 2024; Gracz,
2023; Ismail & Wahid, 2022; Song, 2022; Colago & Silva, 2022; Dominici et al.,
2021; Ivanovi¢ & Antonijevi¢, 2020). However, prior publications have
predominantly examined individual Western Balkan countries using data collected
at different points in time and based on different methodological approaches and
study objectives. Moreover, no previous study has examined socio-demographic
predictors of online purchasing using harmonized data collected simultaneously
across all Western Balkan countries.

METHODOLOGY

The sample consisted of 3,727 respondents from the Western Balkans (Albania,
Bosnia and Herzegovina, Montenegro, North Macedonia, and Serbia). Data were
obtained from the latest Global Findex Database, with data collection conducted
in these countries in 2024. The hypotheses were tested using binary logistic
regression, with the dependent variable indicating whether a mobile phone or the
internet was used to purchase something online, while the independent variables
included socio-demographic characteristics (gender, age, education, income,
workforce status, and area of residence).

RESULTS

The results show that gender, age, education, income, workforce status, and
urbanicity have a statistically significant impact on online purchasing behavior.
The key findings suggest that men, older respondents, individuals with lower
levels of education and income, those who are out of the workforce, and
residents of rural areas have lower odds of purchasing online.

DISCUSSION / POLICY IMPLICATIONS

The findings indicate that socio-demographic factors drive disparities in
participation in online purchases within the Western Balkans. These results are in
line with prior studies reporting the critical role of gender (Tutar et al., 2024;
Dominici et al., 2021; Bhat et al., 2021), age (Tutar et al., 2024; Bhat et al., 2021;
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Akman & Rehan, 2014; Colaco & Silva, 2022; Dominici et al., 2021; Ismail & Wahid,
2022), education (Tutar et al., 2024; Ristevska-Jovanovska, 2026; Akman & Rehan,
2014; Colago & Silva, 2022; Dominici et al., 2021), income (Tutar et al., 2024;
Akman & Rehan, 2014; Colaco & Silva, 2022), workforce status (Colaco & Silva,
2022), and urbanicity (Song, 2022) in shaping online shopping behavior. By
providing regional evidence, the study contributes to the literature on consumer
behavior and offers practical implications for businesses operating in the Western
Balkans and for policymakers seeking to promote digital inclusion. Thus, strategies
should be tailored to specific consumer groups who are less likely to engage in
online purchasing, such as older individuals, those with lower education and
income levels, those out of the workforce, and rural residents. Implementing
targeted measures (e.g., enhancing digital skills and digital financial literacy,
expanding access to digital infrastructure, and strengthening trust) could help
reduce digital inequalities and promote a more inclusive digital society.

CONCLUSION

This study provides new evidence on the determinants of online purchasing in the
Western Balkan region. The results suggest that targeted measures should be
implemented, particularly for older individuals and those with lower levels of
education and income, who are less likely to engage in online purchasing. Such
measures could support their digital inclusion and enable them to benefit from
the advantages of online shopping.
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INTRODUCTION

With 63% of the global population active on social media (DataReportal, 2024),
these platforms shape financial decisions, amplifying biases like herding and
overconfidence (Haddad et al.,, 2021; Hirshleifer et al.,, 2024). Yet their
consequences for financial well-being (Briggen et al., 2017) remain unclear, as
research examines biases in isolation and overlooks regulatory mechanisms. This
review asks how social media shapes financial well-being through biases, and how
mindfulness moderates it.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Social media reduces information asymmetries yet amplifies herding (Banerjee,
1992) and overconfidence (Barber & Odean, 2001). Prior work treats these biases
in isolation from psychological self-regulation. The review integrates behavioral
finance (Barberis & Thaler, 2003; Kahneman & Tversky, 1979), social influence
(Kelman, 1958) and dual-process (Kahneman, 2011) theories in a Stimulus—
Organism—Response model. Bias is the mechanism; mindfulness (Brown & Ryan,
2003) the moderator.

METHODOLOGY

Following Tranfield et al. (2003), a systematic review was conducted in Scopus
under the PRISMA protocol with PICO inclusion criteria. Of 267 identified records,
38 peer-reviewed empirical studies met eligibility. These were examined through
two complementary approaches: bibliometric analysis (keyword co-occurrence,
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co-authorship; VOSviewer) and qualitative thematic content analysis (Mayring,
2014).

RESULTS

Publications surged post-2020, with behavioral finance being the most central
theme. Four clusters emerged: behavioral bias mechanisms (Odean, 1998); social
influence and digital connectivity (Shiller, 2017); psychological effects and
financial well-being; and mindfulness and decision-making (Hafenbrack et al.,
2014). Synthesis vyields an Antecedent—Intervention—Consequence (AIC)
framework and four testable propositions awaiting empirical validation.

DISCUSSION / POLICY IMPLICATIONS

Prior work examined social media, biases and mindfulness separately; this review
unifies them, extending behavioral finance beyond bias-centric models. Biases are
theorised to mediate the exposure—well-being link, and mindfulness to moderate
it by supporting reflective choice (Kabat-Zinn, 2003). Implications: educators pair
financial literacy (Lusardi & Mitchell, 2014) with mindfulness; platforms curb
comparison-driven design; policymakers oversee finfluencers.

CONCLUSION

This review unifies behavioral biases, social media and mindfulness into one
framework of financial well-being. Social media amplifies herding, overconfidence
and anchoring through rapid diffusion and sentiment contagion, while
mindfulness counters these via attentional and emotional regulation, supporting
self-control (Stromback et al., 2017) and sound financial behavior (Xiao & O’Neill,
2018). The contribution is conceptual; future work should test the AIC model.
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Behavioral finance, financial well-being, systematic literature review, social media,
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INTRODUCTION

Digital transformation has become a key factor of business competitiveness.
Growing attention is devoted to family businesses, which are often represented
within the SME sector, accounting for over 99% of enterprises in Europe. Artificial
Intelligence (Al) is increasingly viewed as a driver of productivity and innovation.
This paper examines whether the effectiveness of Al depends on complementary
capital resources and discusses implications for digital transformation.

LITERATURE REVIEW / THEORETICAL BACKGROUND

Digital transformation and emerging technologies represent critical drivers for
enhancing business competitiveness (Vial, 2019). Artificial Intelligence is widely
recognized as a transformative force capable of altering labor markets and
operations (Acemoglu & Restrepo, 2019). However, the literature highlights a
digitalization paradox where technology investments do not always translate into
immediate productivity gains (Brynjolfsson et al., 2021). This phenomenon is
explained by the Productivity J-Curve which shows that realizing true value
requires substantial implementation costs and organizational adaptations
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(Brynjolfsson et al., 2021; Gebauer et al., 2020). Furthermore, research indicates
that economic impacts and labor productivity growth are deeply contingent on
complementary assets and capital intensity, heavily influenced by underlying
technology diffusion and capital structures (Anderton et al., 2023; Calvino &
Fontanelli, 2023; Guo et al., 2023).

METHODOLOGY

The study uses a balanced panel dataset covering 29 European countries and nine
NACE sectors over the period 2021-2024 (sourced from Eurostat). A fixed-effects
regression model examines the direct relationship between Al adoption, capital
intensity, and Unit Labour Costs (ULC), alongside their interaction term. The
empirical findings provide generalizable insights relevant for catching-up
economies and SME-dominated sectors across Europe.

RESULTS

The empirical findings show that Al adoption alone does not automatically
generate immediate cost savings, confirming initial implementation lags
consistent with the productivity J-curve theory. However, the interaction between
Al adoption and capital intensity has a statistically significant negative effect on
Unit Labour Costs. Specifically, the interaction between Al adoption and capital
intensity is negative and statistically significant (B = -0.022, p < 0.05), confirming
that higher capital intensity strengthens the cost-reducing effect of Al. This
indicates that sectors with stronger capital foundations are substantially better
positioned to convert Al investments into tangible productivity gains and long-
term labour cost reductions.

DISCUSSION / POLICY IMPLICATIONS

The results indicate that successful digital transformation requires a holistic
approach that goes beyond mere technology adoption, addressing the
digitalization paradox and asset complementarity. Capital availability and
structural depth act as key moderators determining whether Al investments
produce measurable economic benefits. Digitalization policies should strategically
combine support for Al technology adoption with targeted incentives for capital
investment, infrastructure, and modernization, particularly within the SME and
family business sectors.
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CONCLUSION

The study confirms that the economic benefits of Al depend fundamentally on
sectoral capital intensity and complementary asset accumulation. While
implementation may initially generate adjustment costs, capital-intensive
structures are more likely to achieve long-term structural efficiency gains. These
findings establish a robust empirical foundation for future research on digital
transformation, SMEs, and family-business development.
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