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Abstract: COVID-19 had a profound and far-reaching impact on digital transformation
across various sectors and countries. However, it remains unclear whether it reduced
structural differences in technology adoption or reinforced existing digital divides. This study
examines ERP adoption dynamics across countries, including the effect of COVID-19. Using
secondary data from the Eurostat database for the period 2015-2025, the study applies K-
means clustering to examine cross-country differences in the share of enterprises adopting
ERP systems for functional information exchange. Cluster analysis identified three
statistically distinct groups: digital leaders, followers, and late adopters. Digital leaders
maintain consistently high ERP adoption levels throughout the observed period. Digital
followers start at a lower level than digital leaders but show the most dynamic growth. Late
adopters display the lowest ERP adoption levels throughout the decade. Descriptive trends
indicate a post-pandemic acceleration, suggesting COVID-19 as a potential catalyst for
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intensified ERP adoption. Based on the study’s outcomes, policy implications are suggested
and future research directions are proposed.

Keywords: ERP systems, COVID-19, cluster analysis.

1 Introduction

Enterprise Resource Planning (ERP) systems are among the most important digital
infrastructures in modern organisations, as they enable the integration of business
processes and facilitate information sharing across functional areas [1]. At the
macroeconomic level, these systems are also significant, as the diffusion of ERP
systems reflects the broader digital maturity of national economies and their
capacity to implement complex information systems.

The persistence of digital disparities across countries presents a significant scientific
and policy challenge, particularly in the context of external shocks such as the
COVID-19 pandemic. COVID-19 created uncertainty in the business environment
and global economy, prompting companies to optimise their use of information
technology [2]. During the crisis, organisations faced pressure from internal and
external stakeholders, as well as concerns about their existence and survival, and
had to focus on adopting emerging IT applications. The study [3] stated that, within
a short period, employees had to perform their tasks without physical access to
offices, while companies needed to accelerate digital transformation and rapidly
implement new solutions.

Among the most widely adopted business software solutions were ERP systems,
which are increasingly implemented across various industries as the backbone of
companies. For example, SAP, a leading German software producer providing ERP
system solutions, reported that demand for ERP systems is steadily growing and, in
some markets, growth has exceeded expectations [4]. Similarly, [5] reported that
ERP systems were among the largest categories of enterprise software spending,
with an estimated annual growth rate of 7.1% from 2018 to 2022.

COVID-19 intensified the need for these systems within organisations, bringing
about one of the biggest changes in the workplace: the limited presence of
employees on company premises and the shift to teleworking [6].

While the pandemic accelerated digital transformation in many businesses and
sectors, it remains unclear whether it reduced inter-country disparities by triggering
a generalised digital response or whether pre-existing structural differences
persisted or even intensified. In light of this research question, the present study
examines the trajectory of ERP adoption across countries, including the impact of
COVID-19.
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Although previous studies consistently show that the COVID-19 pandemic
accelerated ERP adoption, most findings are based on empirical evidence from
single-country or single-company contexts. Existing research has largely used
survey-based approaches conducted in specific national environments, which may
limit the generalisability of the conclusions.

In this context, the use of advanced statistical methods offers a valuable
complementary methodological approach. This enables systematic evaluation
across diverse national contexts, which can strengthen existing empirical findings
and provide a more comprehensive understanding of ERP adoption dynamics under
COVID-19 conditions.

Extending the analysis beyond single-country empirical settings and applying
statistical methods to a larger sample of countries may help to reinforce and
generalise previous conclusions, while also offering a novel methodological
perspective within ERP adoption trajectory research. By analysing the evolution of
ERP adoption in 27 countries over a ten-year period and identifying structurally
homogeneous groups of countries using K-means clustering, this study brings new
cross-country insights.

The paper is organised as follows. The Theoretical Background provides a literature
review on the topic. The Research Method section explains the methodological
approach and statistical methods used. The main study outcomes are presented in
the Results and Discussion section. The Conclusion highlights the study summary,
implications, limitations, and future research agenda.

2 Theoretical Background

The measures introduced to mitigate the spread of COVID-19 led to increased use
of technology and accelerated technological innovation. This helped to minimise
harmful consequences for people’s work activities, overall health, and wellbeing.

The transformation of business models into digital formats was widely adopted in
response to dynamic environmental changes and has become more prevalent since
the onset of the COVID-19 pandemic. One such trend was the growing adoption of
ERP systems, driven by high demand for e-commerce. Furthermore, most
institutions and organisations had to adapt their existing infrastructure by switching
to digital tools to ensure smooth business processes. This enabled companies to
survive during this challenging period [7]

Academics and researchers pay particular attention to the impact of COVID-19 on
ERP system adoption. The study by [6] showed that cloud-ERP systems affected
human resources’ productivity during the COVID-19 era. Similarly, [3] used a
survey to collect empirical data from small and medium enterprises in the Veneto
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region of Italy before and after the outbreak of the COVID-19 crisis. The results
showed that complexity and investment remain barriers to ERP system adoption, as
do financial resources, employee training, and digital skills.

The study [8] tested the moderating role of COVID-19 on the relationship between
digital accounting system use and system performance among manufacturing small
and midium enterprises in Jordan. The main outcomes showed significant
moderating effects, indicating that COVID-19 prompted the enterprises studied to
upgrade their use of digital technologies. These findings highlight the importance
of external environmental shocks in stimulating positive use of digital tools.

Research by [9] investigated the relationship between ERP applications and supply
chain performance in steel re-rolling industries in Bangladesh during the COVID-
19 pandemic. The findings support significant relationships among the variables
studied, highlighting the role of easy and reliable data access and sharing, as well
as improved efficiency and effectiveness.

The study by [10] examined the effects of the COVID-19 pandemic as a moderating
variable on the adoption of cloud-based ERP systems. The study revealed a strong
impact of COVID-19 on the Diffusion of Innovation theory and Technology-
Organisation-Environment framework models, as well as on adoption intention,
suggesting that COVID-19 has altered businesses’ perceptions.

Based on referenced studies, the COVID-19 pandemic can be conceptualised as a
significant external driver that accelerated digital transformation and reshaped
organisations’ technological priorities. The literature indicates that the pandemic
increased the perceived necessity of integrated information systems, particularly
ERP solutions, as firms were forced to ensure business continuity under conditions
of remote work, disrupted supply chains, and heightened environmental uncertainty.
These findings imply that the pandemic not only increased demand for ERP systems
but also redefined them as critical enablers of organisational resilience and
adaptability in turbulent environments.

3 Research Method

This study uses secondary data from the Eurostat database [11]. The selected
indicator measures the percentage of enterprises that use an ERP software package
to share information across functional areas within the organisation. The initial
dataset included 36 European countries and covered six observation years within a
ten-year period: 2015, 2017, 2019, 2021, 2023, and 2025. However, due to
incomplete data for some years, countries with missing values for any year were
excluded from the analysis. Specifically, Portugal, Sweden, Iceland, the United
Kingdom, Bosnia and Herzegovina, Montenegro, North Macedonia, Albania, and
Serbia were omitted to ensure methodological consistency. After data cleaning and
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filtering, the final dataset comprised 27 countries with complete observations for all
six years (Table 1).

Year= 1 oo1s 2017 2019 2021 2023 2025
Country |
Belgium 74.11 7751 75.21 78.45 79.87 84.38
Bulgaria 41.38 3552 40.13 40.1 37.42 41.94
Czechia 57.99 53.07 68.05 63.74 55.12 76.38
Denmark 74.31 67.59 72.11 76.19 84.1 85.3
Germany 79.73 62.37 55.62 62.27 67.39 67.68
Estonia 39.70 41.43 42.91 42.65 57.08 64.04
Ireland 42.13 45.00 4857 50.9 537 56.08
Greece 66.61 65.94 75.45 63.58 63.97 72.98
Spain 60.02 66.12 66.55 70.49 77.89 79.99
France 67.20 67.11 73.08 7221 68.67 80.06
Croatia 48.14 46.75 47.43 4559 4778 51.8
Italy 61.79 64.77 60.68 59.56 65.2 71.88
Cyprus 7451 60.76 60.61 56.19 63.67 59.8
Latvia 27.92 48.29 47.32 62.02 58.39 56.05
Lithuania 58.88 64.78 65.98 66.45 52.12 60.69
Luxembourg 58.06 60.27 61.48 60.23 66.14 69.33
Hungary 36.01 31.05 31.97 45.47 63.79 61.07
Malta 41.37 41.91 46.2 58.32 66.5 71.05
Netherlands 69.23 7255 73.38 66.77 74.94 76.37
Austria 70.29 68.33 69.98 73.44 68.11 66.41
Poland 46.51 53.56 53.87 59.76 63.49 68.65
Romania 33.26 35.56 30.17 20.95 31.41 41.05
Slovenia 57.12 58.5 56.8 65.14 63.96 66.9
Slovakia 48.05 46.54 47.95 49.68 46.4 45.01
Finland 64.19 68.44 69.8 72.03 81.56 80.64
Norway 54.1 58.19 62.9 62.73 67.04 66.77
Tiirkiye 32,59 26.15 37.17 45.66 47.17 4591

Table 1

Initial dataset

The initial dataset serves as the input for K-Means Cluster Analysis. This statistical
method is widely used in research as a non-hierarchical clustering technique. The
main objective of K-Means Cluster Analysis is to form clusters, or groups of
countries, and to identify similarities within these clusters [12-13]. While
hierarchical cluster analysis uses a single algorithm, K-Means Cluster Analysis
employs a partitioning algorithm [14].
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A key question in K-Means Cluster Analysis is how to determine the number of
clusters [14]. In this study, K-Means clustering based on ERP implementation data
was applied to identify three structurally stable groups of countries: digital leaders,
digital followers, and late adopters. The number of clusters is determined primarily
conceptually and in accordance with the research goal, rather than solely
statistically. The aim is to group countries or entities into an interpretatively
meaningful number of categories suitable for comparison and recommendations.
Therefore, the number of clusters was set to three.

4 Results and Discussion

This research provides a data-driven perspective on the dynamics of ERP diffusion
and contributes to the broader discussion of digital convergence and divergence
within countries. Particular attention is paid to the COVID-19 period to assess
whether it produced a homogenising effect or reinforced structural digital
disparities.

K-means cluster analysis was used to identify structurally homogeneous groups of
countries. The analysis classified countries according to similarities in their ERP
digitalisation trajectories. Figure 1 presents the cluster memberships of the
countries. Cluster 1 consists of Belgium, Denmark, Lithuania, Cyprus, Czechia,
Germany, Finland, Slovenia, Norway, Spain, the Netherlands, Luxembourg,
Austria, France, Italy, and Greece. Cluster 2 includes Hungary, Slovakia, Poland,
Latvia, Malta, Croatia, Estonia, and Ireland. Cluster 3 comprises Romania, Tiirkiye,
and Bulgaria.
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Figure 1
Cluster memberships of the countries
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Table 2 and Figure 2 present the final cluster centres, showing the average value for
each year within each cluster.
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Figure 2
Graphical representation of final cluster centres

Cluster 1 comprises the countries with the highest levels of ERP implementation
throughout the observed period, compared to Clusters 2 and 3. Therefore, these
countries are Digital leaders. Cluster 2 includes countries with medium levels of
ERP implementation and can be considered Digital followers. Cluster 3 consists of
countries with the lowest levels of ERP implementation during the observed period,
compared to the other two clusters. Therefore, these countries are Late adopters.

Cluster 1 Cluster 2 Cluster 3
Y 2015 65.51 41.23 35.74
Y 2017 64.77 44.32 32.41
Y 2019 66.73 45.78 35.82
Y 2021 66.84 51.80 35.57
Y 2023 68.73 57.14 38.67
Y 2025 72.85 59.22 42.97
Table 2

Final cluster centers

According to [15], the COVID-19 pandemic began in March 2020 and ended in
May 2023. Based on this, the present study considers 2021 as the year of COVID-
19 impact within the examined ten-year period.

Digital leaders (Cluster 1) demonstrate consistently high ERP adoption levels
throughout the observed period. Initial values in 2015 (65.51) already indicate a
relatively mature stage of ERP diffusion. A steady upward trend is evident,
culminating in the highest value in 2025 (72.85). The stability between 2015 and
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2021 suggests structural digital maturity, while the more pronounced increase after
2021 may indicate accelerated digital transformation in the post-COVID period.

Digital followers (Cluster 2) start at a lower level in 2015 (41.23) compared to
Cluster 1, but show the most dynamic growth pattern. The increase becomes
especially marked after 2019, with a notable jump between 2019 (45.78) and 2021
(51.80). By 2025, the value reaches 59.22, indicating a convergence trend towards
higher digital maturity. This suggests that countries in this cluster may also have
experienced digital acceleration triggered by external shocks, such as the COVID-
19 crisis, leading to intensified ERP implementation.

Cluster 3 exhibits the lowest ERP adoption levels throughout the period. Although
a gradual upward trend is present from 35.74 (2015) to 42.97 (2025), the growth
rate remains moderate compared to Cluster 2.

Table 3 presents the ANOVA test results. This test was applied to examine
statistically significant differences among the clusters of countries.

Cluster Error E Sig.
Mean Square df Mean Square df
Y _2015 2198.29 2 52.303 24 42.03 0.000
Y 2017 1985.29 2 37.027 24 53.62 0.000
Y 2019 1933.73 2 39.857 24 48.52 0.000
Y 2021 1522.73 2 55.004 24 27.68 0.000
Y 2023 1273.89 2 71.616 24 17.79 0.000
Y _2025 1351.33 2 62.264 24 21.70 0.000
Table 3

ANOVA results

According to these results, there are statistically significant differences among
clusters across all observed years (Sig = 0.000). Therefore, each observed year
contributed significantly to cluster differentiation, confirming the robustness of the
identified country typology.

Conclusion

This study examines the evolution of ERP adoption across European countries over
a ten-year period, investigating whether distinct digital transformation trajectories
can be identified at the cross-country level. Using K-means cluster analysis,
countries were grouped according to the percentage of enterprises implementing
ERP systems. The results reveal three relatively balanced and structurally
differentiated clusters: digital leaders, digital followers, and late adopters. However,
descriptive trends indicate a post-pandemic acceleration, suggesting COVID-19 as
a potential catalyst for intensified ERP adoption. ANOVA results confirm
statistically significant differences among clusters for all years, supporting the
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robustness of the classification. From a policy perspective, the results highlight the
need for differentiated digital transformation strategies, particularly for late
adopters. Methodologically, the study contributes to the literature by demonstrating
the applicability of clustering techniques in longitudinal cross-country analyses of
technological adoption, offering an alternative to single-country or firm-level
studies.

Despite its contributions, this study has some limitations. The first concerns the use
of only one indicator, namely the percentage of enterprises implementing ERP
systems, and the limited scope to expand the analysis to a broader international
context beyond the observed countries, as the initial data set covers only European
countries. Another shortcoming of the research is the failure to use formal cluster
validation methods, such as the silhouette score, elbow method, or other measures
of partition quality.

Future research could extend the analysis by incorporating additional
macroeconomic and digital infrastructure indicators to further explain the observed
cluster structure. Additionally, fuzzy cluster analysis could be applied to obtain
results that may serve as a basis for comparison.
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