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Abstract: This paper examines the adoption of artificial intelligence (A1) among Serbian enter-
prises, with a focus on adoption levels, obstacles, and sectoral applications. Based on a survey of
499 companies conducted in 2025, the findings show that only 29.1% of firms use Al technologies,
with adoption marginally higher in manufacturing (31.1%) than in services (29.2%), although the
difference is not statistically significant. The main barrier to adoption is the perception that Al
is not useful or relevant for business operations, reported by 66.9% of non-adopters, followed by
concerns about legal uncertainty, lack of knowledge, and high costs. Among adopters, the most
frequent applications are data analysis and interpretation, customer support, and personaliza-
tion in marketing. Sectoral differences are evident: services focus on customer support, while
manufacturing emphasizes personalization and product development. The results suggest that in-
formational barriers and limited internal capacities outweigh purely technological constraints,
highlighting the need for targeted policy measures to foster Al adoption.
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1. INTRODUCTION

Artificial intelligence (AI) has emerged as one of the most transformative technologies of the 21%
century, reshaping business models, organisational processes, and competitive dynamics across in-
dustries. As Al-driven solutions are increasingly integrated into data analytics, production optimi-
sation, marketing, and customer interaction, enterprises worldwide recognise Al as a strategic asset
that enhances innovation, efficiency, and long-term competitiveness (Czarnitzki et al., 2023; Kassa
& Worku, 2025; Lietal., 2023; Wang & Liu, 2025). In parallel, governments and international organ-
isations emphasise Al as a key pillar of digital transformation and industrial modernisation, reflect-
ing its growing economic and societal relevance (European Commission, 2020; OECD, 2025; World
Economic Forum, 2025).

In line with these global developments, Serbia has positioned artificial intelligence as a national stra-
tegic priority. In January 2025, the Government of Serbia adopted a new Strategy for the Develop-
ment of Artificial Intelligence for the period 2025-2030, defining objectives related to legal and eth-
ical frameworks, infrastructure development, education, and the deployment of Al systems in the
public sector. This strategy builds on the earlier 2020-2025 Al framework, under which Serbia be-
came the first country in Southeast Europe to adopt a national Al strategy, and on the establishment
of a National Al Platform within the State Data Center in Kragujevac. Together, these initiatives aim
to create favourable conditions for Al diffusion across the economy.

These policy developments are particularly relevant for small and medium-sized enterprises (SMEs),
which constitute the backbone of the Serbian economy. For SMEs, Al has the potential to support
digital transformation, improve operational efficiency, and enhance competitiveness. However, the
pace and depth of Al adoption vary considerably across countries, sectors, and firm sizes. While
large firms in advanced economies have increasingly embedded Al into core business functions,
SMEs in emerging and transition economies often lag due to limited resources, skills, and awareness
of AI’s potential business value (Cannavale et al., 2025; OECD/BCG/INSEAD, 2025). In such con-
texts, barriers to adoption are frequently organisational or perceptual rather than purely technological

Despite growing policy attention, systematic firm-level evidence on Al adoption in the Western Bal-
kans, and particularly in Serbia, remains limited. Existing empirical studies primarily address broad-
er digitalisation or innovation activities, without focusing explicitly on Al adoption, perceived barri-
ers, or sectoral patterns of use. This gap is particularly important given the structural significance of
manufacturing and service sectors in Serbia and their differing innovation and digitalisation profiles.

This study addresses this gap by providing empirical evidence on Al adoption among Serbian en-
terprises. The analysis focuses on three interrelated dimensions: (1) the level of Al adoption, (2) per-
ceived barriers to adoption, and (3) areas of Al application. Particular attention is paid to differenc-
es between manufacturing and service-sector enterprises, as these sectors represent distinct but com-
parable contexts for Al adoption within the same institutional environment. By doing so, the paper
contributes to the understanding of how firms in a transition economy perceive, adopt, and apply Al
technologies, offering insights relevant for both researchers and policymakers.

The remainder of the paper is structured as follows. Section 2 reviews the relevant literature on ar-
tificial intelligence adoption and firm-level barriers. Section 3 outlines the methodology, including
the survey design, sample characteristics, and analytical approach. Section 4 presents and discuss-
es the empirical results. Section 5 outlines directions for future research, and the final section con-
cludes the paper.
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2. LITERATURE REVIEW

This study builds on the Technology-Organization-Environment (TOE) framework, which is
widely used to explain firm-level adoption of new technologies. According to the TOE frame-
work, adoption decisions are shaped by technological characteristics, organisational capabilities,
and environmental conditions (Tornatzky & Fleischer, 1990). Recent research applies this frame-
work to artificial intelligence adoption, particularly in the context of SMEs, highlighting the
importance of perceived usefulness, internal knowledge and skills, and regulatory uncertainty
(Ghani et al., 2022; Sanchez et al., 2025).

At the technological level, Al is widely recognised for its potential to automate processes, en-
hance data analysis, and improve decision-making. Empirical studies show that Al adoption can
reduce errors, optimise workflows, and improve service quality, particularly in data-intensive
and digitally mediated business environments (Kuzminov, 2024; Nesterova, 2024). However, per-
ceived relevance and applicability to specific business models remain critical determinants of
whether firms adopt Al in practice.

From an organisational perspective, Al adoption is strongly influenced by firm size, internal ca-
pabilities, and managerial orientation. Evidence suggests that large enterprises and knowledge-in-
tensive firms lead Al adoption, while SMEs often lag due to limited financial and human re-
sources and the absence of clear strategic frameworks (Enshassi et al., 2024; Gladysz et al., 2023;
OECD/BCG/INSEAD, 2025). Organisational culture also plays a central role: leadership aware-
ness and a data-driven mindset are consistently identified as key enablers of successful Al inte-
gration (Oyekunle & Boohene, 2024).

Environmental factors further shape Al adoption decisions. Regulatory uncertainty, ethical con-
cerns, data protection requirements, and the availability and quality of data can significantly af-
fect firms’ willingness to adopt Al technologies. These constraints are particularly relevant for
SMEs operating in less developed or transition economies, where institutional frameworks and
support mechanisms are still evolving.

The literature also points to systematic differences between manufacturing and service sectors
in Al adoption. Manufacturing firms tend to adopt Al primarily for process optimisation, quality
control, predictive maintenance, and product development, reflecting their capital-intensive and
process-oriented nature (Chen & Jin, 2023; Pariso et al., 2025). In contrast, service-sector firms
more frequently apply Al in customer-facing activities such as customer support, marketing per-
sonalisation, and data analytics, where interaction with customers and digital data is central (Wi-
jayati et al., 2022; Xue et al., 2022). These differences suggest that sectoral characteristics shape
not only adoption rates but also the types of Al applications pursued by firms.

Despite the growing international literature on Al adoption, empirical evidence from smaller and
transition economies remains limited. In the case of Serbia, existing studies largely address dig-
italisation or innovation more broadly, without systematically examining Al-specific adoption,
perceived barriers, or sectoral patterns at the firm level. This gap limits understanding of how en-
terprises in such contexts perceive and integrate Al technologies.

To address this gap, the present study examines Al adoption among Serbian enterprises, with
a particular focus on sectoral differences between manufacturing and services. The analysis is
guided by the following research questions:
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. RQI1: What is the level of artificial intelligence adoption among Serbian enterprises?

. RQ2: Do AI adoption rates differ between manufacturing and service-sector enterprises?

. RQ3: What are the main barriers preventing Serbian enterprises from adopting Al tech-
nologies?

. RQ4: In which business functions are Al technologies most commonly applied, and do

these patterns differ across sectors?
3. METHODOLOGY

The study relies on primary firm-level survey data collected by the Institute of Economic Scienc-
es in Serbia in May 2025 as part of a broader research initiative examining innovation and inno-
vation-related activities among SMEs. The survey was designed to capture firms’ engagement in
innovation processes, digital transformation, and the adoption of advanced technologies, includ-
ing artificial intelligence. The target population consisted exclusively of enterprises with more
than nine employees; micro-enterprises were therefore intentionally excluded from the sample.
This design choice reflects the analytical focus on firms possessing a minimum level of organisa-
tional structure and internal capacity relevant for innovation activities and technology adoption.

The sampling framework was constructed to ensure representativeness at both the sectoral and re-
gional levels. Specifically, the sample reflects the distribution of economic activity across NACE
Rev. 2 sectors, as well as the territorial structure of the Serbian economy. Data were collected using
a structured questionnaire administered in an online format. Participation in the survey was volun-
tary, and respondents were assured anonymity in order to promote accurate and unbiased reporting.
Within each enterprise, the questionnaire was addressed to respondents occupying managerial or de-
cision-making positions relevant to business strategy, innovation, digitalisation, or technology adop-
tion (such as owners, directors, senior managers, or heads of relevant innovation-related departments).

The total survey sample comprises 499 valid responses from enterprises operating in Serbia. For
the purposes of this paper, the analysis focuses exclusively on firms in the manufacturing and ser-
vices sectors, as these sectors are directly comparable in terms of business processes and digitali-
sation and are particularly relevant for analysing enterprise-level Al adoption. Manufacturing and
service enterprises differ in their core processes and data practices, which are central to the fea-
sibility and use of Al technologies. Excluding firms from other sectors enhances comparability
and analytical clarity. As a result, the final analytical sample consists of 440 enterprises, includ-
ing manufacturing firms (N = 180) and service firms (N = 260).

The questionnaire consisted of several thematic sections addressing firm characteristics, digitali-
sation practices, and the use of advanced technologies. In this paper, the analysis focuses on three
groups of variables related to artificial intelligence. First, Al adoption was measured using a bina-
ry indicator capturing whether the enterprise uses artificial intelligence technologies in its busi-
ness operations (yes/no). Second, firms that reported not using Al were asked to indicate the main
reasons for non-adoption, selecting from a predefined list of potential barriers, including per-
ceived irrelevance for business operations, legal uncertainty, lack of knowledge, high costs, da-
ta-related constraints, ethical concerns, and organisational limitations. Multiple responses were
allowed. Third, firms that reported using Al were asked to identify specific areas of Al applica-
tion, such as data analysis and interpretation, customer support, marketing personalisation, auto-
mation of internal processes, forecasting, product or service development, and risk or problem de-
tection. The questionnaire items used to measure Al adoption, perceived barriers to adoption, and
areas of Al application are reported in Appendix A.
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Sectoral differences in Al adoption were assessed using a chi-square test of independence with
Yates’ continuity correction. The analysis was conducted on the analytical sample of manufactur-
ing and service enterprises (N = 440).

4. RESULTS AND DISCUSSION

The results show that the overall level of Al adoption remains limited: only 29.1% of firms report
using Al technologies, while the majority (70.9%) have not integrated Al into their business pro-
cesses. Adoption is slightly higher in manufacturing (31.1%) than in services (29.2%), indicating a
modest difference in technology uptake (Table 1). However, this difference is not statistically sig-
nificant. A chi-square test of independence with Yates’ continuity correction indicates no associ-
ation between sector and Al adoption (%*(1, N = 440) = 0.16, p = 0.68), suggesting that Al uptake
is broadly similar across manufacturing and service firms (Table 2).

Table 1. Adoption of Al among Serbian companies by sector

Al Adoption Total (N=499) Manufacturing (N=180) Services (N=260)
Yes 145 (29.1%) 56 (31.1%) 76 (29.2%)
No 354 (70.9%) 124 (68.9%) 184 (70.8%)

Source: Own research

Table 2. Chi-Square Tests

Value | df Asymptotic Significance Exact Sig. Exact Sig.
(2-sided) (2-sided) (1-sided)

Pearson Chi-Square .261° 1 .609
Continuity Correction® 164 1 .686
Likelihood Ratio .260 1 .610
Fisher's Exact Test .672 .342
Linear-by-Linear Association .260 1 .610
N of Valid Cases 440

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 53.59.
b. Computed only for a 2x2 table
Source: Own research

The main reasons for not using Al are the perception that these technologies are not useful or rel-
evant to business models (66.9% overall), followed by concerns related to legal consequences
(10.7%), lack of knowledge (9.6%), and high costs (8.8%). These findings suggest that barriers are
not primarily technical but rather linked to awareness of potential benefits and the limited availa-
bility of internal expertise. Both manufacturing (61.3%) and services (71.2%) predominantly cite
the irrelevance of Al as the key reason for non-adoption, pointing to a widespread perception of
limited applicability across sectors (Table 3).

This dominance of perceptual barriers in the Serbian context is consistent with international ev-
idence, which highlights that organizational readiness and managerial perceptions of Al’s busi-

ness value often outweigh purely technical constraints. demonstrate that in
SMEs, adoption decisions are frequently shaped by a lack of clarity regarding how Al can cre-
ate competitive advantage, while similarly find that firms in Central Eu-

rope struggle with low levels of knowledge, weak strategic vision, and uncertainty over expected
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returns. The Serbian results, therefore, reinforce a recurring pattern observed in comparable
economies. Al adoption is constrained less by the absence of technological capacity and more by
deficits in managerial awareness, organizational culture, and the strategic framing of Al within
business models.

Table 3. Reasons why companies do not use Al in business

Reason Total (N=354) Manufacturing (N=124) Services (N=184)
Al not useful/relevant 237 (66.9%) 76 (61.3%) 131 (71.2%)
for business

Legal uncertainty 38 (10.7%) 14 (11.3%) 16 (8.7%)
Lack of knowledge 34 (9.6%) 13 (10.5%) 14 (7.6%)
Concerns about data 28 (7.9%) 13 (10.5%) 10 (5.4%)
protection & privacy

High costs 31 (8.8%) 12 (9.7%) 15 (8.2%)
Incompatibility with

existing equipment/ 27 (7.6%) 15 (12.1%) 9 (4.9%)
software

Difficulties with data o o o
availability/quality 27 (7.6%) 13 (10.5%) 8 (4.3%)
Don’t know 23 (6.5%) 9(7.3%) 12 (6.5%)
Ethical concerns 18 (5.1%) 12 (9.7%) 5(2.7%)

Source: Own research

Regarding areas of use, the most common applications are data analysis and interpretation (41.4%),
customer support (41.4%), and personalization of offers and marketing (38.6%). The services sec-
tor is particularly applying Al to customer support (48.7%), whereas manufacturing mainly uses
it in personalization (44.6%) and data analysis and interpretation (41.1%). Other applications, such
as automation of internal business processes (26.9%) and demand or customer behaviour predic-
tion (23.4%), represent emerging areas of adoption, but remain below 30%. The least common ap-
plications are problem and risk detection (19.3%) and product development (21.4%), despite their
significant potential for enhancing competitiveness (Table 4).

These sectoral patterns are consistent with international evidence showing that SMEs tend to
adopt Al incrementally, concentrating first on applications that are less complex and offer visi-
ble short-term benefits. Customer-facing and data-analytic functions, such as marketing person-
alization and support services, are typically prioritized because they require fewer resources and
generate rapid returns, whereas more transformative applications are often postponed

This gradualist approach reflects the cautious strategies of
smaller firms operating under resource constraints, which favor low-risk, immediately applica-
ble tools over long-term innovation projects In this sense, the Serbian re-
sults mirror broader tendencies observed in other SME contexts, yet the lower overall adoption
rates compared to EU member states underline the additional structural and institutional limita-
tions faced by enterprises in transition economies.

The results indicate that Al adoption in Serbia is still in an early stage, with sectors recognizing
practical benefits but with a large share of enterprises perceiving Al as irrelevant to their oper-
ations. Future progress will depend on reducing informational barriers, strengthening employ-
ee capacities, and demonstrating concrete benefits through pilot projects and sector-specific use
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cases. While the manufacturing sector shows slightly higher technological readiness, it also faces
specific integration challenges with existing production systems. These findings contribute to the
broader debate on digital transformation by providing evidence from a transition economy, with
implications for both policymakers and business leaders.

Table 4. Areas of Al use among companies

Area of Al use Total (N=145) Manufacturing (N=56) Services (N=76)
!)ata analystls & 60 (41.4%) 23 (41.1%) 31 (40.8%)
interpretation

Customer support 60 (41.4%) 20 (35.7%) 37 (48.7%)
Persona.\llzatlon & 56 (38.6%) 25 (44.6%) 26 (34.2%)
marketing

Automation of internal 39 (26.9%) 16 (28.6%) 18 (23.7%)
processes

Forecasting dem_and / 34 (23.4%) 17 (30.4%) 16 (21.1%)
customer behaviour

New product & service 31 (21.4%) 18 (32.1%) 11 (14.5%)
development

Problem / error / risk 28 (19.3%) 13 (23.2%) 11 (14.5%)

detection
Source: Own research

5. FUTURE RESEARCH DIRECTIONS

The findings of this study provide an important snapshot of the current state of Al adoption in Ser-
bian enterprises, but they also raise new questions and highlight avenues for further inquiry. Sev-
eral future research directions can be identified, both from an academic and a policy perspective.

While this study distinguishes between manufacturing and service enterprises, more granular
analysis of subsectors is needed to uncover nuanced patterns. For example, within manufactur-
ing, Al adoption in high-tech industries such as electronics or pharmaceuticals may differ signif-
icantly from traditional sectors such as food processing or textiles. Similarly, in services, the dy-
namics of Al adoption in financial services, retail, or logistics may vary depending on competi-
tive pressures, customer demands, and regulatory environments. Future research should therefore
explore sector-specific case studies to identify best practices and tailored support mechanisms.

The present study offers a cross-sectional view of Al adoption in 2025. Yet, Al is a fast-evolving
technology, and adoption patterns are likely to shift significantly in the coming years as costs de-
crease, awareness grows, and government initiatives take effect. To fully capture these dynam-
ics, future research should move beyond one-time assessments and instead establish mechanisms
for continuous monitoring of firms over time. Such monitoring would make it possible to track
how enterprises progress from initial experimentation to more advanced applications, what fac-
tors support sustained integration of Al, and under what circumstances firms reduce or aban-
don Al use. From a policy perspective, this type of evidence is particularly valuable. It would en-
able policymakers to evaluate the effectiveness of Serbia’s national Al strategies (2020-2025;
2025-2030), measure the impact of infrastructure investments, and adjust support measures in
response to observed bottlenecks. Systematic tracking of adoption trajectories could also inform
the design of targeted interventions, such as awareness-raising campaigns, training programs, and
sector-specific pilot projects, ensuring that public policies are responsive to the evolving needs

75



Balkans JETSS (2025) 2: 69-79

of enterprises. Embedding this kind of evidence-based monitoring into Serbia’s broader digital
transformation and innovation strategies would therefore not only enhance the relevance of pub-
lic initiatives but also help align business adoption trends with national development objectives.

The findings indicate that many of the barriers to Al adoption are perceptual rather than pure-
ly technical, as a large share of firms consider Al irrelevant or not useful for their business mod-
els. This highlights the importance of organizational and behavioural factors, including mana-
gerial attitudes, leadership awareness, and the broader organizational culture, in shaping adop-
tion outcomes. A deeper understanding of these dimensions can be gained by exploring how de-
cision-makers interpret the role of Al in their strategic priorities and how employees perceive its
implications for daily work practices. Approaches such as in-depth interviews and focus groups
are particularly well suited to reveal these cognitive and cultural dynamics, offering insights that
cannot be captured through survey data alone.

The skills gap has emerged as a recurrent theme in the international literature on Al adoption, of-
ten highlighted as a major obstacle to effective integration. While the present survey did not iden-
tify skills shortages as the most prominent barrier, the finding that nearly one in ten Serbian en-
terprises reported a lack of knowledge indicates that limited expertise remains a relevant issue.
This suggests that workforce preparedness will be critical as Al technologies become more wide-
spread. Understanding how enterprises build internal capacities, what types of training programs
prove most effective, and how public policies can support upskilling and reskilling is therefore
an important avenue for future investigation. In particular, examining the role of partnerships
between firms, universities, and training providers could shed light on strategies for developing
Al-related competencies in the Serbian context.

Positioning Serbia within a broader regional and international context is essential for understand-
ing the dynamics of Al adoption. Comparative analyses with other Western Balkan economies
can reveal whether Serbia is advancing more rapidly or facing similar challenges as its neigh-
bours, while benchmarking against EU member states can highlight areas of convergence and
divergence in adoption patterns. Such cross-country perspectives are valuable for identifying
the influence of institutional frameworks, regulatory environments, and innovation ecosystems
on technology uptake. At the same time, moving beyond descriptive accounts is crucial to cap-
ture the mechanisms through which enterprises perceive, adopt, and integrate Al technologies.
Mixed-method approaches that combine survey-based evidence with in-depth case studies can
provide richer insights into the interplay of technological, organizational, and institutional factors.
In the Serbian context, this type of research would also support the evaluation of national Al strat-
egies, inform the design of targeted sectoral initiatives, and contribute to aligning enterprise-level
adoption with broader policy goals of digital transformation and economic modernization.

6. CONCLUSION

This paper has examined the adoption of Al among Serbian enterprises, focusing on adoption lev-
els, barriers, and sectoral applications. Drawing on survey evidence from 499 firms, it provides
one of the first systematic analyses of Al uptake in a transition economy.

The study shows that Al adoption in Serbia remains in an early stage, shaped less by technologi-
cal readiness than by perceptions of relevance, organizational awareness, and managerial capaci-
ties. Firms that do adopt Al tend to concentrate on customer-facing and data-analytic applications,
while more transformative uses remain limited. These patterns are consistent with findings from
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other SME contexts, but adoption levels in Serbia are comparatively lower, reflecting the struc-
tural and institutional constraints of a transition economy.

The analysis carries important policy implications. Overcoming informational barriers, strength-
ening skills, and demonstrating concrete business value will be as critical as investments in infra-
structure or financial incentives. Sectoral differences further suggest that tailored support meas-
ures are needed to reflect the distinct challenges of manufacturing and services.

By situating Serbia within the broader debate on digital transformation, this study highlights both
the universal challenges of Al adoption and the specific obstacles faced by firms in smaller and
emerging markets. Its findings are relevant not only for national policymakers but also for region-
al actors across the Western Balkans, where similar barriers persist. The effective realization of
Serbia’s Al strategies will depend on aligning policy frameworks with enterprise-level needs, fos-
tering an environment in which Al can serve as a driver of competitiveness, innovation, and sus-
tainable growth.
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Appendix A. Survey questions on artificial intelligence

QL.

Q2.

In which areas does your company use artificial intelligence (AI)?
(Multiple answers allowed)

O

O

O
O

Data analysis and interpretation (e.g. use of Al for pattern recognition, data-driven
decision-making)

Personalisation of offers and marketing activities (e.g. product/service recommenda-
tions or targeted marketing campaigns based on customer behaviour)

Customer support (e.g. chatbots, automated responses to customer inquiries, virtual
assistants)

Forecasting demand and/or customer behaviour (e.g. sales forecasting, analysis of
customer behaviour or user needs)

Automation of internal business processes (e.g. automation of reporting, document
processing, procurement processes)

Detection of problems, errors, or risks (e.g. Al systems for fraud detection, fault de-
tection, or identification of operational inefficiencies)

Development of new products and services (e.g. use of Al for idea generation, proto-
type testing, or design optimisation)

We do not use artificial intelligence

Other (please specify):

If your company does not use artificial intelligence, what are the main reasons?
(Multiple answers allowed)

O

Oooooooooao

High costs

Lack of knowledge or expertise

Incompatibility with existing equipment, software, or systems
Difficulties related to data availability or data quality
Concerns about data protection and privacy

Uncertainty regarding legal implications

Ethical concerns related to the use of Al technologies

Al technologies are not useful or relevant for the company
Other (please specify):
Do not know
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