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Abstract

Background and Objective: Recognising the vital role of SMEs in driving economic
growth and the uneven Al adoption levels across EU countries, this article explores Al adop-
tion within SMEs in Poland, Germany and Denmark, highlighting the barriers they face.
The study aims to enhance understanding of the factors that hinder SMEs from adopting Al
technology. Recognising and addressing these challenges is essential for SMEs to succeed.

Materials and Methods: The study compares Al adoption in the SME sectors of Poland,
Germany and Denmark within the EU context, focusing on the barriers and challenges. The
article synthesises cross-country evidence from prior empirical studies and statistics drawn
from Eurostat databases and the Digital Economy and Society Index.

Results: Internal capabilities are the strongest predictors of Al adoption, and environmental
support is helpful only when institutions are mature. Barriers typically cluster, with varying
intensity, around data availability and quality, skills gaps, costs, integration with legacy sys-
tems, privacy, and cultural resistance. The article consolidates scattered EU evidence into an
accessible benchmark and offers country-specific recommendations to boost SME Al adoption.

Practical implications: The article provides insights that can support entrepreneurs in suc-
cessfully integrating Al technologies. It is also helpful for policymakers to promote Al adop-
tion, thereby boosting the competitiveness of small and medium-sized enterprises.

Conclusion and summary: The gap in Al adoption is closely linked to the overall level of
digitalisation, and limited digital infrastructure in the economy hampers the deployment of
Al solutions in the SME sector. Al programmes for small and medium-sized enterprises need
to be tailored to each country’s level of adoption.
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1. Introduction

Small and medium-sized enterprises (SMEs) account for 99.8% of all busi-
nesses (European Commission, 2024b), and their contribution to economic growth
is broadly recognised. The integration of digital technologies and artificial intelli-
gence in SMEs is now essential rather than optional, as it is vital for remaining com-
petitive and adapting to the constantly changing business environment (Brodny &
Tutak, 2022). Compared to larger organisations, SMEs are notably underrepresented
(Aarstad & Saidl, 2019), which is a missed opportunity (Singh, 2024).

There is still limited understanding of the challenges organisations face when
implementing Al in their operations, and, as a result, limited guidance on how to en-
hance an organisation’s Al maturity to achieve value (Holmstrom, 2022). The study
of literature on the effect of Al on SMEs highlights its potential to improve efficiency,
competitiveness, customer experience, and sustainability in areas such as finance,
marketing, and human resource management (Habibi & Zabardast, 2020; Hansen,
E. & Bogh, S., 2021; Kandeel et al., 2024; Peretz-Andersson et al., 2024). Given
the potential benefits of Al for SMEs, this paper aims to advance the current state of
the art by providing a clearer understanding of the constraints to Al adoption across
EU countries at different stages of Al adoption. To achieve this goal, two research
questions will be addressed.

1. Whatis the current state of artificial intelligence adoption among SMEs in Poland,
Germany and Denmark compared to other EU countries?

2. What obstacles and difficulties do Polish, German and Danish SMEs encounter
when adopting Al technologies?

The study identifies the most common obstacles and those specific to each
country at different stages of Al adoption. It provides actionable insights to help
small and medium-sized enterprises overcome Al adoption barriers. Entrepreneurs
can use these findings as a diagnostic tool to assess their readiness and develop
targeted strategies for successful Al implementation. It is also helpful for policy-
makers to promote Al adoption, thereby increasing the competitiveness of small
and medium-sized enterprises. The article expands the TOE framework, a leading
theory in technology adoption research. It provides empirical evidence that organ-
isational (internal) capabilities are stronger predictors of Al adoption than external
factors. Moreover, the study combines insights from Resource Dependency Theory,
emphasising that Al adoption depends on firm-specific capabilities and complemen-
tary assets; Institutional Theory, showing that regulatory and cultural environments
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influence adoption readiness; and Innovation Diffusion Theory, by linking adoption
stages to national digital intensity levels. This multi-theoretical approach enhances
existing models and contributes to a more comprehensive theory of Al readiness in
SMEs. It therefore enhances the theoretical understanding of how SMEs adopt Al
across various institutional contexts, laying a foundation for future empirical and
policy-focused research. The study shows that improving Al adoption in SMEs can
increase innovation, efficiency and competitiveness. Since SMEs make up 99.8% of
EU enterprises, even small gains in Al adoption can significantly boost productivity
and GDP. By comparing Poland, Germany and Denmark, the paper identifies digital
divides within Europe. Addressing these can reduce economic disparities between
EU regions, supporting more balanced development.

The study is divided into four sections. The first section is the introduction.
The second section reviews the literature on theories explaining Al adoption, as well
as the barriers and challenges that small and medium-sized organisations encounter
when implementing Al. Because the pace of Al adoption varies across EU member
states (Husillos, 2024), the third section presents a comparative analysis of how
SMEs in Poland, Germany and Denmark — each at different stages of Al adoption —
are implementing Al technologies, and the obstacles they face. The final section
summarises the paper and offers recommendations for countries at various levels of
Al adoption.

2. Literature review

There has been an increase in research exploring how artificial intelligence af-
fects the performance, efficiency and competitiveness of enterprises (Arroyabe et al.,
2024; Oldemeyer et al., 2025; Peretz-Andersson et al., 2024; Schoeman & Seymour,
2022). Overall, studies agree on three main themes: (i) Al can boost growth and
innovation, (ii) the benefits seen depend heavily on complementary assets (such as
data, digital infrastructure, skills, and governance), and (iii) evidence is mixed, with
adoption barriers and measurement difficulties influencing observed outcomes.

Multiple factors influence how SMEs adopt Al technologies, and theories
explain Al adoption within various contexts. One of these is the TOE framework,
a well-established theoretical model that has been widely discussed in recent aca-
demic literature (El-Haddadeh, 2020; Nguyen et al., 2022; Schwaeke et al., 2024;
Mathagu, 2024). Using the TOE framework, researchers can better understand the
factors that facilitate or hinder Al adoption, and pinpoint research areas that pro-
mote a culture of innovation and technological progress in SMEs. The TOE model
suggests that adopting new technology relies on three main factors: technology, or-
ganisation and environment (Awa et al., 2017). It also offers valuable insights into
the internal and external elements influencing the decisions of organisations to adopt
technology (Hossain & Quaddus, 2012). Following the TOE model, Schwaeke et al.
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(2024) analysed 106 peer-reviewed articles on Al adoption in SMEs and categorised
the states and trends into eight clusters. In the realm of technology, they found com-
patibility and infrastructure; in the realm of organisation, they identified knowledge,
resources and culture; and in the realm of environment, they highlighted competition,
regulation and the ecosystem. This research confirmed that successful Al adoption
depends on aligning existing practices and cultures, addressing customer needs, and
considering potential challenges such as financing, resistance, compatibility, com-
plexity, and legal issues.

Another concept, Resource Dependency Theory (Hofer et al., 2012), offers
insights into how external resources and environmental factors influence Al adop-
tion processes. Arroyabe et al. (2024), drawing on resource dependency theory and
dynamic capabilities theory, conducted an empirical study involving more than
12,000 SMEs from the European Union and examined both the support provided
by the European ecosystem to SMEs for Al adoption, and the internal resources of
SMEs. Their results highlight that internal digital and innovation capabilities have
a greater impact on Al adoption in SMEs than business environmental support. It
suggests that capability gaps, not just a lack of access to technology, limit SME ben-
efits. Ardito et al. (2025), drawing on resource dependency theory, investigated the
relationship between Al adoption and revenue growth in European SMEs. They also
assessed the combined effect of Al, the Internet of Things, and Big Data Analytics.
Their findings show that Al fosters SME growth, especially when used together with
IoT and BDA.

Institutional theorists claim that the decisions of organisations to adopt tech-
nology are not solely about innovation but mainly about responding to various in-
stitutional pressures in their competitive environments (Bag et al., 2021). These
institutional forces often create pressures or industry trends that push or influence
organisations to pursue innovation initiatives (Jiao et al., 2022). An organisation’s
drive for innovation is shaped not only by internal evaluations, as commonly noted
in existing innovation literature, but also by complex external factors such as net-
work ties (Albats et al., 2022). According to Chen & Filieri (2025), institutional forc-
es play a significant role in shaping technology adoption among small organisations.

Innovation Diffusion Theory explains how new technologies spread within
a population or system over time. This theory can be seen as a foundation for under-
standing how and why SMEs decide to implement Al. Studies (Sanchez et al., 2025)
show that compatibility is the most significant predictor of Al adoption in SMEs.
Effective implementation of artificial intelligence solutions requires developing and
adopting complementary technologies that produce synergistic effects. Multiple
studies highlight that the impact of Al effects depends on complementary assets.
A high level of digitalisation is a key factor enabling Al implementation, while in-
sufficient digitalisation in SMEs hinders its deployment (Bettoni et al., 2021; Cubric,
2020). Peretz-Andersson et al. (2024) show in Nordic SME cases that value reali-
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sation relies on resource orchestration, such as skills, data governance, and process

redesign, rather than tools alone.

Another perspective is presented by Segarra-Blasco et al. (2025), who studied
the adoption of Al in European SMEs and stated that the most likely adopters of
artificial intelligence technologies are:

— Scale-ups and start-ups. These firms are inherently innovative and are among the
most likely to adopt Al. They are flexible and respond to market shifts (Hajoary
et al., 2024). Additionally, start-ups often face less entrenched organisational
resistance (Acs et al., 2021). Start-ups and scale-ups lead digitalisation among
European SMEs by leveraging their more flexible structures, innovation capacity,
and market advantages.

— The level of internationalisation. SMEs engaged internationally tend to be more
innovative (Jabar et al., 2016; Daszkiewicz, 2019), and as a result, are more like-
ly to adopt Al technologies.

— Firm size. Companies that adopt advanced technologies generally employ
more workers than their competitors in the same industry. These firms were al-
ready larger and growing more quickly before the rise of artificial intelligence
(Acemoglu et al., 2023). Hansen et al. (2024) emphasise that Al adoption is more
of a process of maturity, usually associated with company size.

— Types of innovation. Al technology serves more specialised objectives in manu-
facturing rather than in service sectors, where Al is more extensively integrated
into the firm.

However, discussions about Al often focus on technology-driven companies,
usually overlooking small and medium-sized businesses. Historically, SMEs have
been less enthusiastic about adopting new technologies (Nunn, 2018) and have con-
cerns about change (Holl & Rama, 2024), particularly with Al. SMEs usually focus
on daily operations (Handrito et al., 2023) and often struggle to understand the ac-
tual impact of Al on their businesses (Schwaeke et al., 2024). Compared to larger
corporations, SMEs face unique challenges (Mathagu, 2024) and often encounter
constraints due to limited human and financial resources (Dorr et al., 2023).

According to the report “How do SMEs in CEE find their way in the world
of AI?” (Al Chamber, 2025), companies that delay Al implementation most often
cite a lack of knowledge (39%) and the absence of a clear strategy (21%) (Figure 1).
A shortage of experts is also a common issue, highlighting how difficult it is to as-
semble a team capable of managing this technology today. Almost 30% of compa-
nies still believe they do not need Al. Companies also worry about legal issues (12%)
and data security (15%), indicating that, for many organisations, Al remains a risky
space not yet fully regulated, which breeds caution.

Research based on data from various countries identifies key barriers, includ-
ing concerns about limited data access, insufficient skills, internal resistance, organ-
isational culture, legal issues, and a lack of financial resources (Table 1).
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Lack of knowledge
or experience in this area

I 39%
I 29%
BN 21%
BN 21%

Business processes did not require
the use of Al ML

Lack of adequate human resources to
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Lack of a clear plan or strategy
For the use of Al/ML

Lack of financial resources
for the use of Al/ML
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Figure 1. Why do companies in CEE countries delay implementing AI?

Source: Al Chamber, 2025, “How do SMEs in CEE find their way in the world of AI?”,
Warsaw.

Table 1. The main barriers and challenges to the adoption of Al technologies

Research Country What is holding back the adoption of Al

lack of data,
. lack of skilled people,
. company culture.

Lorica & Nathan,

2019 us

wN =

data availability,
. increased dependence on non-humans,
. concerns about job security, safety, trust.

Cubric, 2020 Worldwide

wN =

lack of expertise and experience in dealing with Al,
. difficulties in integrating Al with existing systems,
. concerns about data privacy and data security.

Schénberger, 2023 | Germany

wN =

regulations,
. perceived relative advantage,
. management support.

Mathagu, 2024 UK

wN =

compatibility,
. culture,
. resources.

Schwaeke et al.,

2024 Worldwide

wN =

-

lack of expertise,
lonascu, 2025 EU-27 2. weak regulations,
3. data privacy.

Source: own compilation.
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3. Methodology

Al adoption among small and medium-sized enterprises in the European Union
(EU) remains highly uneven. Some EU member states have quickly implemented
Al solutions, while others are still behind (Figure 2). Given the varying levels of Al
adoption among EU member states (Ionascu, 2025), a comparative analysis* will be
conducted. International comparative research highlights the importance of carefully
choosing countries. The main criterion should be the purpose of the comparison and
its substantive justification (Kokocinska, 2012). This paper aims to identify the barri-
ers and challenges to Al adoption in the SME sector in three countries at different lev-
els of Al implementation. The purpose is to provide guidance to entrepreneurs and pol-
icymakers across the EU. Several methods for conducting international comparative
studies can be identified. According to some authors, a study aligns most closely with
a scientific model when it compares societies that are similar in many ways but differ
in one specific aspect (Cheng, 1984; Balcerowicz & Rzonca, 2011). Poland, Germany
and Denmark share a foundation of EU integration and democratic governance. The
economies are export-oriented, and the SME sectors are strong. They represent differ-
ent stages along the same European development path. The countries differ in levels of
Al integration: Poland, with some of the lowest levels of Al adoption; Germany, posi-
tioned centrally within the European Union and not considered a pioneer in Al (Ulrich
& Frank, 2021); and Denmark, which leads the EU in Al adoption among SMEs.
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Figure 2. Small and medium-sized enterprises using artificial intelligence® in 2024 by country
Source: European Commission, 2025, Digital Economy and Society Index, Brussels.

2 Although a comparative analysis involves a higher level of risk, this approach allows
for more meaningful conclusions than those gained from a single national perspective. In
fact, comparative research enables accurate diagnoses and the development of appropriate
recommendations for economic policy (Dominiak, 2005).

3 The artificial intelligence indicator is related to enterprises using any Al technology
(European Commission, 2024, Digital Economy and Society Index).
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The extent of Al technology implementation may be indicative of the degree
of digitalisation (Figure 3). Cubric (2020) emphasised that this represents a crucial
determinant, and that insufficient levels of digitalisation within SMEs hinder the
adoption of artificial intelligence solutions (Bettoni et al., 2021).
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Figure 3. SMEs with at least a basic level of digital intensity* in 2024
Source: European Commission, 2025, Digital Economy and Society Index, Brussels.

Notably, in 2024, only 4.9% of Poland’s small and medium-sized enterprises
used artificial intelligence technologies (compared to an average of 12.6% across the
EU-27), and the Digital Intensity Index is 68.9% (compared to the EU-27 average
0f 72.9%). In Germany, where the Digital Intensity Index is 79.9%, 18.8% of com-
panies use Al. Denmark has 26.4% of SMEs using Al technology, and the Digital
Intensity Index among SMEs is 90.5% (Table 2). As a result, in 2024, Poland ranks
as the second-least favourable among European Union member states; Germany is
in the middle at ninth; and Denmark holds the top spot. These findings indicate that
Poland has a negative overall trend in the adoption of digital technologies, particu-

4 The basic level of digital intensity is based on counting how many out of 12 selected
technologies are present: Enterprises where more than 50% of the persons employed have
access to the internet for business purposes; The maximum contracted download speed of
the fastest fixed internet connection is at least 30 Mb/s; Enterprises with ecommerce sales of
at least 1% turnover; Enterprises where web sales are more than 1% of the total turnover and
B2C web sales more than 10% of the web sales; Enterprises have document(s) on measures,
practices or procedures on ICT security; Enterprises make persons employed aware of their
obligations in ICT security related issues; Use at least 3 ICT security measures; Enterprise
provided training to their personnel to develop their ICT skills; Employ ICT specialists; Use
any Al technology; Provide to the persons employed remote access to the enterprise’s e-mail
system, documents or applications; Enterprises, which conducted remote meetings via the
internet (European Commission, 2024, Digital Economy and Society Index).
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larly Al, across SMEs. The German economy shows a positive trend in integrating
digital technologies into small and medium-sized enterprises, particularly regard-
ing Al. Denmark, with the highest level of Al adoption, can be considered a leader.
Recognising differences between countries is crucial to developing policies that pro-
mote the fair adoption of Al across all EU member states. It is essential to examine
the barriers and challenges that Polish, German and Danish SMEs face when imple-
menting Al technologies.

Table 2. Integration of digital technology and artificial intelligence in SMEs in
Poland, Germany and Denmark compared to the EU-27 average in 2024

Status level Metrics POL | GER | DEN | EU-27

Most advanced

) SMEs exploiting artificial intelligence 49 | 188 | 264 | 126
technologies

Digital Intensity | SMEs with at least a basic level

Index of digital intensity 68.9 | 79.9 | 905 | 729

Source: Own studies based on the European Commission, 2025, Digital Economy and
Society Index, Brussels.

According to the Central Statistical Office (2024), in Poland in 2024, 94.1%
of companies did not utilise artificial intelligence, while 3.2% were not using such
solutions but were considering their implementation. The most frequently cited rea-
sons for not adopting Al technology are a lack of human resources and knowledge
regarding Al usage (1.9%), followed by the high costs associated with implementing
Al technology (1.7%). The least frequently mentioned reason is ethical concerns
(0.9%) (Figure 4).

According to the report “Al in Polish Enterprises” (2025) by the Polish
Economic Institute, Al in Poland is most often used by microenterprises and large
companies. Between 6% and 16% of companies in Poland use Al solutions (depend-
ing on the research method). Meanwhile, 77% of entrepreneurs who are not currently
using Al have no plans to adopt it unless it becomes necessary. Firms that adopt Al
clearly stand out from the rest of the market; they have implemented more digital
tools, maintain stronger links with international supply chains, and are more opti-
mistic about the future. Companies using artificial intelligence are 2.5 times more
likely to serve foreign customers and more than twice as likely to work with suppli-
ers outside Poland compared to those that have not yet adopted Al solutions (PEI,
2025). This aligns with previous research indicating that international companies
tend to be more innovative and willing to embrace Al (Segarra-Blasco et al., 2025).
Notably, the Polish Economic Institute (2025) study also indicates that Al initiatives
in companies often come from the bottom up, started by employees rather than as
part of a formal corporate strategy. This suggests that the actual use of Al tools may
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be higher than official data shows. The increasing investment in artificial intelligence
technology indicates a positive trend that could lead to further growth of the SME
sector (Polish Agency for Enterprise Development, 2025).

Enterprises that do not currently use Al but are considering it - reasons for not utilising Al

Total 3.2%
Lack of knowledge and human resources

Costs were too high

Lack of clarity on legal issues

Concerns about privacy or data protection breaches
Al technologies are not useful in the enterprise

Incompatibility with hardware, software or systems

Difficulties in accessing data or low data quality

Ethical concerns

0.0% 05% 1.0% 1.5% 2.0% 2.5% 3.0%

Figure 4. Enterprises that do not currently use artificial intelligence technologies but are
considering their implementation vary depending on their reasons for not utilising them

Source: Central Statistical Office, 2024, Information Society in Poland in 2024.

Results from the survey conducted in Germany (Schonberger, 2023) show
that 48% of SMEs cite a lack of knowledge and experience in adopting Al as their
primary challenge. German SMEs have not yet fully understood the importance and
potential of Al technologies (Ulrich & Frank, 2021). 41% of companies are worried
about data privacy and security. Implementing and maintaining Al technologies is
considered a significant challenge by 38% of firms due to high costs. 34% of or-
ganisations report difficulties in integrating artificial intelligence into their existing
systems. Organisations often view the costs of Al solutions as excessively high. 7%
of companies are concerned about employment impacts. An additional 7% face dif-
ficulties such as insufficient data or a lack of result traceability (Figure 5).

In Denmark, skills remain the biggest bottleneck despite a high DESI ranking;
nearly three out of five companies struggle to find the Al talent they need. According
to the Iftikhar & Nordbjerg (2021) study, organisational culture and funding barri-
ers are the main challenges. Notably, only 14% of Danish SMEs had adopted any
Al by 2023, compared to 51% of large companies. Costs and regulations now out-
weigh pure technology issues. More than half of innovative companies cite funding

Research on enterprise in modern economy



Artificial Intelligence Adoption Challenges in the Small and Medium-Sized Enterprise Sector... 15

or compliance costs as their primary concerns, rather than algorithmic complexity
(Table 3)°.

Lack of expertise and experience in dealing with Al [ NRNMEEEEBEEEEEEEEEEEEEEEEEE 3%

Concerns about data privacy and data security [ N N N I 2%

High cost of implementing and maintaining Al

0,
technologies I 33%
Difficulties in integrating Al with existing systems || NN NN 4%

Concerns about the impactonjobs [l 7%

other [ 7%
Not specified [ 7%
0% 10% 20%  30%  40%  50%  60%

Figure 5. Al implementation challenges in German SMEs

Source: Schonberger, M., 2023, Artificial intelligence for small and medium-sized enterpri-
ses: Identifying key applications and challenges, Journal of Business Management, 21.

Table 3. The barriers that Danish firms face when adopting artificial-intelligence
solutions

Barrier of Al adoption Research

Skills shortage: 58% of Danish SMEs An Implement Consulting Group study com-
are struggling to fill vacancies for ICT missioned by Google, 2024, The Al innovation
specialists. opportunity; How Denmark can scale digital
businesses with Al to close the innovation and
competitiveness gap.

In a survey of Danish SMEs, the three Iftikhar, N. & Nordbjerg, F.E., 2021, Adopting

obstacles cited most often were: Artificial Intelligence in Danish SMEs: Barriers to

- lack of organisational readiness for Become a Data-Driven Company, Its Solutions
change, and Benefits, Conference: 2" International

- shortage of funds for Al projects, Conference on Innovative Intelligent Industrial

- shortage of skilled labour. Production and Logistics.

5 The reports selected for Table 3 fulfill criteria such as recency, credibility and rele-

vance to the Danish digitalisation context. Sources were limited to reputable institutions that
provide evidence-based and methodologically robust analyses. These reports were chosen
because they combine quantitative indicators with qualitative insights on skills shortages,
organisational readiness, and financial constraints. Their complementarity enables a compre-
hensive understanding of the main barriers to Al implementation in Danish SMEs.
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continued table 3

Among Danish innovative scale-ups, An Implement Consulting Group study commis-
61% of firms indicate that the expense of | sioned by Google, 2024, The economic opportu-
Al tools constitutes a significant barrier, | nity of generative Al in Denmark; Capturing the
and the costs associated with regulatory | next wave of benefits from generative Al.
compliance are described as “particularly
burdensome for small businesses.”

Source: own compilation.

4. Recommendations

Among EU member states, some countries are quickly adopting Al solutions,
while others lag. 2023 Eurostat-DESI data show that only 2.9% of Polish SMEs used
Al, compared to 10.8% in Germany and 14.1% in Denmark, placing Poland second-
to-last and Denmark first in the EU-27 ranking. This gap is closely linked to each
country’s Digital Intensity Index (50%, 61% and 75%, respectively), indicating that
the overall level of digitalisation and limited digital infrastructure in the economy
hinder the deployment of Al solutions in the SME sector.

Across studies and cross-country evidence, internal capabilities such as digital
skills, data quality, organisational culture, and financial resources are the strongest
predictors of Al adoption. Environmental support is helpful only when institutions
are mature.

The barrier profile remains the same, but its strength varies. Barriers usually
cluster around issues like data availability and quality, skills gaps, costs, integration
with legacy systems, privacy, and cultural resistance. The significance of these barri-
ers differs: in Poland, knowledge gaps and costs are the main concerns; in Germany,
data security and lack of expertise in system integration are more significant; and in
Denmark, skills and funding are the biggest challenges.

Countries with low Al adoption and limited digitalisation, like Poland, should
prioritise strengthening their digital transformation foundations. Key areas include
investing in digital infrastructure, expanding industrial networks, and increasing
enterprise access to cloud and high-performance computing through national pro-
grammes. A significant challenge in these nations is the lack of Al skills and ex-
pertise among workers. Governments should launch initiatives offering free or sub-
sidised courses to develop digital and specialised Al skills for employees and job
seekers. Moreover, incorporating Al-focused modules into university curricula is
vital. Many companies in countries with low Al adoption are unaware of the benefits
of Al (Central Statistical Office, 2024), while others hesitate because they perceive
it as too complex. To promote Al adoption, it is essential to actively raise awareness
of'its benefits and address concerns regarding its complexity. Running informational
campaigns and pilot projects in key sectors, such as industry or public services, can
effectively demonstrate Al’s positive impact. Another point is that organisations of-
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ten perceive the costs associated with artificial intelligence solutions as excessively
high. While this perception may be valid in many cases, it is essential to compare
these costs with the potential benefits (Bettoni et al., 2021).

Germany is above the EU average but still far behind Nordic leaders. There
is a need to close the expertise gap — the first and most crucial obstacle in German
research (Schonberger, 2023), by building expertise and experience in handling
Al. However, German companies can bridge this knowledge gap by engaging ex-
ternal experts and utilising vendor support (Aarstad & Saidl, 2019). Additionally,
while replicating the Al business models of tech giants may be challenging, smaller
businesses can leverage Al as a unique differentiator in their competitive markets.
Secondly, Al adoption is limited by data availability and quality; one solution could
be making sector data spaces plug-and-play for SMEs.

Countries with high Al adoption face advanced user problems. In Denmark,
there remains a shortage of highly specialised skills in key Al areas. The ongoing
development of advanced Al expertise and the attraction of global talent are essen-
tial. Maintaining a steady supply of skilled professionals to foster innovation can
be achieved by funding advanced Al degree programmes at the national level and
promoting industry-academic partnerships to enhance high-level skills. Regarding
costs, establishing a targeted financial incentive system, such as grants or tax credits,
is crucial for encouraging Al adoption among SMEs (Ionascu, 2025).

5. Limitations and Further Research

This study has certain limitations related to data scope and methodological
design:

1. The analysis relies mainly on secondary data sources, including statistical indica-
tors from the European Commission and national institutions, as well as reports
and surveys. Although these datasets are reliable, they may not fully capture the
dynamic and diverse nature of Al adoption within the SME sector.

2. The reliance on aggregated country-level data also limits the ability to assess
firm-level variations, such as significant differences across sectors, industries, or
organisational maturity levels.

3. The study focuses on three European countries — Poland, Germany and Denmark —
that represent different levels of digitalisation. Moreover, the rapid evolution of
Al technologies and digital policies means that the results capture only a snap-
shot of an ongoing transformation.

Future research should therefore employ firm-level empirical studies using
both quantitative and qualitative methods to better understand the relationship be-
tween Al adoption, internal capabilities, and external factors. It would also provide
the opportunity to distinguish different levels of Al advancements. Expanding the ge-
ographical scope to include more European countries and sectors or industries would
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improve comparative insights. Longitudinal analyses across EU regions would help
capture the evolving effects of Al policies, investments, and digital skills develop-
ment. Additionally, future studies could explore the interaction between institutional
factors and innovation diffusion theories to evaluate how regulatory maturity, data
ecosystems, and cultural factors collectively influence Al adoption patterns across
the SME landscape.

6. Conclusion

The study explored the factors and obstacles of Al adoption among SMEs in
Poland, Germany and Denmark. Despite varying levels of digital maturity, internal
capabilities such as digital skills, data quality, human capital, organisational culture,
and financial resources remain the strongest predictors of Al adoption across studies
and countries. Institutional support and regulatory frameworks are beneficial only
when institutions are well-developed. Overall, the study improves understanding
of how organisational and institutional factors influence the Al transformation of
European SME:s.

The evidence confirms that SME Al programmes need to be tailored to each
country’s stage of adoption. The article consolidates dispersed EU evidence into an
accessible benchmark, linking adoption gaps with barrier profiles, and offers coun-
try-specific recommendations for policymakers and business leaders to accelerate
SME AI adoption and boost competitiveness.
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