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Abstract:  
 

Purpose: This paper presents a comparative assessment of the development of the e-

commerce market in Poland against selected EU countries during 2017-2023. The main aim 

is to analyse the growth trajectory of the Polish e-commerce sector using the Taxonomic 

Measure of Development (TMD) and the Model-free Measure of Development (MMD), 

which allow a comparison of multiple variables between regions. 

Design/Methodology/Approach: A comprehensive analysis was conducted to identify and 

analyze the key determinants affecting the development of e-commerce. These determinants 

include access to digital technologies, economic factors, and the use of the Internet in 
commercial activities. To construct TMD and MMD indicators, data from Eurostat and the 

Statista portal were utilized. This analysis enabled the positioning of Poland against other 

EU countries. 

Findings: The findings indicate a dynamic development of the Polish e-commerce market 

from 2017 to 2023, although it still lags behind the leaders in the European Union. The 

application of taxonomic and model-free methods enabled a comparison of Poland's position 

with that of other EU countries, thereby identifying areas requiring further support and 

development. 

Practical Implications: The article provides practical recommendations for policymakers 

and businesses, emphasizing pivotal factors influencing the competitiveness of Polish e-

commerce within the EU single market. The identification of markets with analogous 

characteristics facilitates the formulation of strategies to enhance Poland's standing in 

relation to other nations. 

Originality/Value: The article introduces a novel approach to the evaluation of e-commerce 

development in Poland by employing taxonomic and model-free methodologies. It provides a 

comprehensive set of analytical tools and actionable recommendations. Notably, the 

implementation of Ward's method facilitates the determination of the domestic market's 
position in relation to a historical benchmark. 
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1. Introduction 

 

E-commerce has been instrumental in the digital transformation of the global 
economy for years, enabling businesses to expand their reach, reduce operating 
costs, and reach customers more effectively (Żurakowska-Sawa et al., 2023; Pyra et 
al., 2024; Bhanu Murthy et al., 2021). According to OECD reports and industry 
publications, e-commerce has become one of the fastest-growing sectors of the 
digital economy, helping to reshape labor and consumption markets worldwide 
(OECD, 2022; UNCTAD, 2021; Ahi et al., 2023). The importance of this sector was 
further accentuated during the course of the pandemic, as e-commerce became a 

predominant shopping channel in numerous countries (Zwanka et al., 2020; Bâra et 
al., 2023; Hayakawa et al., 2021; Bhatti et al., 2020). 
 
In the extant literature, e-commerce is defined as the process of selling and buying 
goods or services via the Internet and other digital technologies. Its relevance is 
measured at both the microeconomic and macroeconomic levels. The theoretical 
underpinnings for the analysis of e-commerce development include the concepts of 

digital infrastructure (Xiao et al., 2011), technology adoption in businesses 
(Simakov, 2020), and the dynamics of digital consumption (Fan et al., 2018). The 
increase in the number of internet users, the availability of sales platforms, and the 
development of logistics services are key determinants of e-commerce market 
development (Mangiaracina et al., 2015). 
 
The Polish e-commerce market, despite its dynamic growth, lags behind more 

developed EU economies in terms of market value and share of business turnover. 
According to Eurostat data, between 2017 and 2022, Poland recorded an increase in 
e-commerce turnover of more than 148%, making it one of the leaders in terms of 
dynamics in the CEE region. However, Poland's position falls outside the top five 
most developed e-commerce markets in the EU, indicating the presence of 
significant development barriers, including logistics infrastructure, limited digital 
competence among some segments of the population, and high inflation (Lawrence 
et al., 2010). 

 
Taxonomic measures for assessing development and synthetic measures, such as the 
model-free measure of development, are extensively employed in academic 
literature to comparatively analyze countries' e-commerce positions in a relative 
manner. The Hellwig method, which serves as the foundation of taxonomic analysis, 
facilitates the identification of stimulants and destimulants of development by 
considering a wide range of diagnostic variables (Sompolska-Rzechuła, 2020). This 

approach finds application in comparative analyses across numerous fields, 
including e-commerce research. 
 
Analyses performed using the aforementioned metrics have proven to be of 
considerable value in the study of the development of the e-commerce sector in 
countries such as Poland. The Polish market is distinguished by dynamic expansion; 
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however, it is concomitantly beset by challenges including inadequate digital 
infrastructure and limited capital resources (Levytska et al., 2024). 

 
The present study aims to analyze the development trajectory of the Polish e-
commerce market with a view to its position in the rankings of EU countries. It 
presents comparative results using selected metrics and analyzes the impact of 
factors such as digital competence, consumer spending, and infrastructure 
availability. The article contributes to the development of research on e-commerce 
dynamics, offering both analytical tools and practical recommendations for 
policymakers and businesses. 

 
The basis of the study is not only to determine a ranking of countries in terms of e-
commerce development, but also an attempt to identify groups of markets with 
similar characteristics. Such a taxonomic analysis is important from the perspective 
of creating strategies to strengthen Poland's competitiveness within the EU single 
market. Moreover, the use of clustering methods, such as Ward's method, allows for 
a deeper understanding of the dynamics and differentiation of market development. 

 
Numerous academic studies have underscored the significance of e-commerce 
within the digital economy, particularly in terms of its impact on economic growth 
and market transformation. These studies have highlighted the crucial role of digital 
infrastructure, technological competence, and regulatory frameworks in shaping the 
dynamics of this sector. According to Rostow's theory of economic modernization, 
technological development constitutes a pivotal element in the transition to higher 

stages of economic growth, a notion corroborated by research on e-commerce 
(Anwari et al., 2024; Lund et al., 2005; Yang et al., 2023).  
 
Hellwig has proposed the taxonomic measure of development as a benchmarking 
tool that plays a central role in the evaluation of complex economic systems 
(Roszkowska, 2024). In the context of e-commerce, this method facilitates the 
determination of synthetic indicators from multidimensional data, a feature that 
renders it particularly useful in the study of digital development. Empirical studies 

on the impact of digital infrastructure on the growth of e-commerce constitute a 
significant segment of the extant literature. These studies indicate that access to 
high-speed internet, the level of digitization of businesses, and the development of 
logistics are pivotal determinants of growth in this sector (Yang et al., 2023; Saeed, 
2023; Criveanu, 2023). 
 
Another aspect that has been thoroughly examined in the extant literature is the role 

of public policy in shaping the e-commerce ecosystem (Viu-Roig et al., 2020). A 
substantial body of research indicates that regulations pertaining to consumer 
protection, taxes, and transaction security are pivotal in fostering trust in this sector 
(Costa et al., 2021; Agrawal et al., 2020; Tofan et al., 2022; Rosário et al., 2021). 
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Studies that focus on consumer behavior and its impact on market structure are also 
an integral part of e-commerce research. Research by Brynjolfsson and Smith (2001) 

suggests that a key reason for the growth of e-commerce is that it is becoming easier 
for both consumers and businesses to use. Lower transaction costs, the availability of 
a wide range of products, and the ease of comparing offers encourage faster adoption 
of e-commerce technology across different social groups. The extant literature also 
emphasizes the importance of personalization of offers, which enables the use of 
recommendation algorithms, fostering customer loyalty and increasing their 
engagement in online shopping (Huang et al., 2013). 
 

Studies on the development of e-commerce on a national scale in Poland use a 
variety of analysis methods, including synthetic indicators and cluster methods 
(Wasilewski et al., 2024). Comparative analysis using taxonomic methods enables 
the identification of key differences in the level of development between regions 
(Akter et al., 2016; Klóska et al., 2020; Jędrzejczak-Gas et al., 2019). Such studies 
demonstrate that disparities in regional development across nations, including 
Poland, are predominantly attributable to the extent of digital infrastructure 

availability and the engagement of local businesses in the digital transformation 
process (Luo et al., 2023; Kozlov et al., 2021; Kinal, 2022). 
 
When assessing the evolution of the e-commerce market in Poland in the context of 
EU countries, it is imperative to refer to several pivotal studies and reports that 
furnish detailed data and trends in this domain. Specifically, the "Decade of Polish e-
commerce" report (2023) highlights the accelerated growth of the Polish e-

commerce market, which surpassed PLN 100 billion in the B2C sector in 2020 and 
reached PLN 850 billion in 2022, encompassing both B2C and B2B (IGE, 2023). 
This substantial expansion can be attributed to evolving consumer behaviors and the 
proliferation of m-commerce. Consequently, Poland is positioned as a leader in 
Europe with regard to the rate of e-commerce development (Polish…, 2024). 
 
Another important source is the report "E-commerce in Poland 2024," which 
analyzes consumer behavior and shopping trends. It is worth noting that the 

percentage of e-consumers in Poland has stabilized at around 78%, while the 
popularity of shopping in foreign shops has increased significantly. The report also 
emphasizes the increasing popularity of BLIK payments and expeditious transfers, 
which are crucial for understanding the payment preferences of Polish consumers 
(Gemius, 2024). 
 
Furthermore, the 2024 report, published by Trade.gov.pl, underscores the resilience 

of the Polish e-commerce market in the face of macroeconomic challenges, such as 
inflation and economic slowdown. Projections for the ensuing years signal the 
continuation of this growth trajectory, propelled by the advancement of mobile 
commerce and intensifying competition (Polish…, 2024). These statistics are pivotal 
for the evaluation of the competitive landscape of the Polish e-commerce market in 
relation to other European Union nations. 



   Mariusz Pyra    

  

435  

In the context of analysing the development of the e-commerce market in Poland, it 
is worth referring to the application of the Taxonomic Measure of Development 

(TMD) and the Model-free Measure of Development (MMD) in studies on the e-
commerce sector. TMD, developed by Hellwig, is often used to assess the level of 
economic development of regions, which allows a synthetic evaluation of various 
aspects of development, such as ICT infrastructure or availability of electronic 
services (Kompa, 2014; Łogwiniuk, 2011). In e-commerce analyses, TMD can be 
used to compare the level of development of e-commerce plat-forms in different 
regions of Poland, enabling the identification of areas with the greatest potential for 
development. 

 
The MMD is an analytical tool that allows linear ordering of objects on the basis of 
standardised characteristics, which is particularly useful in comparative analyses be-
tween different EU countries (Miłek et al., 2021). The MMD enables an objective 
assessment of the situation of the studied object by unifying the results of the 
measurement, which is crucial in assessing the competitiveness of the Polish e-
commerce market against other EU countries. The synthetic value of the MMD takes 

values in the range (0,1), where a higher value of the index indicates a more 
favourable situation of the object. The results of BMR linear ordering are often used 
to classify objects into homogeneous groups, which allows for a better 
understanding of the differentiation between the studied entities (Łogwiniuk, 2011). 
 
The literature review indicates that the development of e-commerce is a multifaceted 
phenomenon, requiring the consideration of both technological and socio-economic 

factors. Theories of economic development, taxonomic methods and the results of 
empirical studies provide a solid basis for the analysis and interpretation of data on 
the Polish e-commerce market in an international context. The use of a variety of 
research methods in combination with quantitative data and qualitative data makes it 
possible not only to assess the development to date, but also to forecast future trends 
in this sector. 
 

2. Materials and Methods 

 
The present study is based on data regarding the development of the e-commerce 
sector in Poland and selected EU countries from 2017 to 2022. In order to analyse 
the dynamics and structure of the market, a combination of statistical data from 
publicly available databases and taxonomic methods and synthetic measures was 
utilised. 
 

The underlying statistics were sourced from Eurostat databases and the Statista 
portal, which provided information on key diagnostic variables relating to society, 
businesses and economic factors. The data set encompassed a range of metrics, 
including the level of Internet access in households and businesses, the number of 
individuals utilising the Internet for online purchases and sales, e-commerce 
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turnover, inflation and unemployment levels, and the structure of household 
expenditure. 

 
The selection of data was conducted with a focus on the completeness of the sets and 
the comparability between countries in the years encompassed by the analysis. In 
instances where missing data were encountered, methodologies such as the 
utilisation of neighbouring values (e.g., linear interpolation) or the imputation of the 
preceding year's value were employed.  
 
The selection of diagnostic variables for analysis comprised 17 potential factors, 

which were categorised as stimulants (factors that exert a positive influence on 
development) or destimulants (factors that exert a negative influence on 
development), as illustrated in Table 1. 
 
Table 1. A list of potential e-commerce development indicators 

Factor Name 
Type of 

impact 

x1 
Persons having used the Internet to purchase goods or services in the 

last 12 months (% of total) 
S 

x2 Persons using the Internet to sell goods or services (% of total) S 

x3 People who have never used the Internet (% of total population) D 

x4 Level of Internet access in households (% of total) S 

x5 People with basic or higher general digital skills (% of total) S 

x6 Working people at risk of poverty (% of persons aged 18 and over) D 

x7 Total unemployment D 

x8 
Companies that received online orders (at least 1% of turnover) (% of 

total) 
S 

x9 E-commerce turnover in total company turnover (%) S 

x10 
Internet access by size class of enterprise (1 person employed or 

more) 
S 

x11 
E-commerce sales of e-commerce businesses (10 employees and 

more) (% of total) 
S 

x12 E-commerce sales (total turnover) (10 persons and more) (% of total) S 

x13 
Broadband Internet coverage (coverage) by speed (over 30 Mbps) (% 

of all households) 
S 

x14 Gross domestic product at market prices (EURO per capita) S 

x15 
Household expenditure on consumption related to: housing/home, 

water, electricity, gas and other fuels (% of total expenditure) 
D 

x16 Inflation rate (HICP) (%) D 

x17 Percentage of population aged 25-49 (% of total) S 

Source: Own study. 

 
The statistical verification of the variables was conducted with respect to the 
coefficient of variation, with the selection of characteristics for analysis being 

limited to those where the coefficient of variation, Vx, exceeded a threshold of 
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10%. However, due to the low value of the coefficient, some variables were 
subsequently excluded from further analysis: 

 
• x4 - starting in 2018, Vx is below 10%, 
• x10 - over the whole analysed time interval Vx of the variable is below 10%, 
• x13 - from 2021, Vx is below 10%, 
• x17 - over the whole analysed time interval Vx of the variable is below 10%. 
 
From the considered set of potential indicators of e-commerce development, two 
(x10 and x17) were eliminated from all time periods and a further two (x4 and 

x13) in selected time periods. This means that the assessments in subsequent years 
will be based on a variable number of indicators. This should be kept in mind 
when comparing results. The remaining variables can be regarded as diagnostic 
variables. 
 
A transformation of destimulants into stimulants was carried out, using the 
following formula: 

 

 
 
The next step was to analyse the correlation between the factors that remained in 
the following years in the group of e-commerce development indicators. Based on 
this, it was determined that:  
 

1) Data for 2017 (no x1 variables) -> correlation above 0.7 variables: x2 with 

x4; x3 with x4; x8 with 8x; x8 with x11; x8 with z12; x9 with x11; x9 with 
x12 (very strong); x11 with x12. 

2) Data for 2018 (no variables x1, x5) -> correlation above 0.7 variables: x8 
with x9; x8 with x11; x8 with x12; x9 with x11; x9 with x12 (very strong); 
x11 with x12. 

3) Data for 2019 (no variables x1, x5) -> correlation above 0.7 variables: x3 
with x4; x4 with x14; x8 with x9, x8 with x11, x8 with x12; x9 with x11, 
x9 with x12 (very strong); x11 with x12. 

4) Data for 2020 (no variables x1, x5) -> correlation above 0.7 variables: x1 
with x2, x1 with x4; x8 with x11; x9 with x12. 

5) Data for 2021 -> correlation above 0.7 variables: x1 with x4, x1 with x5, 
x1 with x9, x1 with x12; x2 with x5; x4 with x14, x8 with x11, x9 with 
x12. 

6) Data for 2022 (no variable x5) -> correlation above 0.7 of variables: x1 
with x9, x1 with x12; x8 with x11, x9 with x12. 

7) Data for 2023 -> correlation above 0.7 variables: x1 with x2; x1 with x5; 
x1 with x9, x1 with x12; x3 with x4, x3 with x14; x8 with x11, x9 with 
x12. 
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The preceding analysis provides a foundation for the assertion that correlations 
between variables undergo alterations to a certain extent with the passage of time 

(across successive periods). Nevertheless, certain variables demonstrate a 
persistent correlation with one another, irrespective of the period under 
consideration.  
 
This observation lends support to the proposition that these variables should be 
considered for exclusion from subsequent calculations, as they contribute identical 
(in the case of strong correlation) or highly similar information. The following 
proposals have been put forward for the elimination of these variables: 

 
1) x9 or x12 - both variables correlate strongly with each other in all periods 

(elimination of variable x12). 
2) x8 or x11 - variable x8 in a review of all periods appears to have more 

correlations with other variables than variable x11 (elimination of variable 
x8). 

3) x1 with x2, x4, x5, x9 - this correlation is subject to change from one 

analysis period to the next. This is because the variable relates to a specific 
measurement (online shopping in the last 12 months). The x1 variable, 
which is a candidate for elimination, remains, as it appears to bring 
additional information relative to the variables with which it correlates. 

 
The above variables are eliminated in all models in each analysis period. Three 
complementary methods were used for the analysis: 

 
Taxonomic Measure of Development - Hellwig's method to determine synthetic 
development indicators for each country in a given year based on distance from a 
benchmark. The benchmark values were based on the maximum values of the 
variables in the years analysed. It was therefore assumed that the synthetic 
measure of development in each dimension would be of the form (for each 
dimension): 

 

 
 
The synthetic measure adopted in this manner will take values in the range (0; 1). 
The closer its value in a given area is to unity, the more similar the assessed area is 
to the adopted benchmark.  
 
In the case of the Hellwig method, the maximum values of each variable in a given 
period were used as a benchmark. Consequently, the benchmark presents the best 

performance among EU countries in a given year in the cross-section for each of 
the factors analysed.  
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Consequently, the aforementioned benchmark is regarded as the most optimal 
'country' performing within the EU.The ranges for the classification of individual 

countries on the basis of the values of the taxonomic development index (hi) were 
determined as the values of the four quantiles (0%, 33.3%, 66.7% and 100% 
quantiles from the numerical values) for the set of all hi values across all the years 
analysed. 
 
Model-free Development Measure - a synthetic measure based on the arithmetic 
mean of standardised variables, allowing for a linear ordering of countries. It is 
described by the formula: 

 

 
 
The synthetic value of the MMD measure is always in the range (0,1), with higher 
values indicating a more favourable situation for the object under assessment. 
 
The ranges for the classification of individual countries on the basis of the values 
of the taxonomic development index (hi) were determined as the values of the four 

quantiles (0%, 33.3%, 66.7% and 100% quantiles from the numerical values) for 
the set of all hi values across all the years analysed. 
 
Ward's method - is a technique using analysis of variance that is used to estimate 
the distance between clusters. The distance between clusters is defined as the 
modulus of the difference between the sums of the squares of the distances of the 
points from the centres of the groups to which these points belong, and is 

described by the following formula: 
 

 
 
The Ward's method analysis was conducted utilising the R language in conjunction 
with the requisite libraries. All data were standardised in accordance with the Z-
score formula to facilitate the comparability of variables that differed in units of 
measurement. The standardisation of the variable values was accomplished using the 
following formula: 

 

 
 

Furthermore, a correlation analysis was conducted with the objective of eliminating 
highly correlated variables, which could result in redundancy within the models. 
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3. Results 

 

According to Hellwig's concept, the MMD and Ward's method were employed to 
arrange all countries in a linear sequence according to their degree of e-commerce 
development (characterised by the emerged characteristics). 
 
3.1 The Taxonomic Measure of Development by Z. Hellwig 

 
The TMD was utilised to ascertain the hi values of all EU countries, with these 
values serving as a benchmark for the EU27 average. A ranking was established for 

each year of the analysis, based on the determined values for all years and the year 
2023. The country with the highest hi value was assigned the highest ranking, with 
the lowest value determining the lowest ranking, as illustrated in Table 2. 
 
Table 2. E-commerce development ranking 2017-2023 

Country 2017 2018 2019 2020 2021 2022 2023 

European Union 23 23 22 6 4 11 6 

Belgium 8 8 8 11 14 15 12 

Bulgaria 9 9 9 5 18 12 15 

Czech Republic 2 2 5 20 20 4 11 

Denmark 6 4 1 19 28 27 28 

Germany 24 24 24 18 19 26 23 

Estonia 16 20 16 1 11 2 3 

Ireland 18 17 20 25 13 13 17 

Greece 19 18 19 3 6 3 19 

Spain 10 12 11 28 9 23 16 

France 28 28 28 17 2 24 4 

Croatia 20 16 17 26 23 21 21 

Italy 11 11 12 9 26 14 26 

Cyprus 14 13 13 12 3 16 5 

Latvia 3 3 4 10 10 17 8 

Lithuania 5 5 3 23 15 6 9 

Luxembourg 27 27 26 22 21 28 14 

Hungary 15 19 15 14 27 19 27 

Malta 17 15 18 2 17 1 22 

Netherlands 22 22 23 24 8 5 1 

Austria 13 14 14 8 22 9 10 

Poland 26 26 27 15 7 25 20 

Portugal 21 21 21 16 12 22 18 

Romania 7 6 7 27 1 20 2 

Slovenia 12 10 10 4 24 7 24 

Slovakia 1 1 2 7 25 8 25 

Finland 4 7 6 13 5 18 7 

Sweden 25 25 25 21 16 10 13 

Source: Own study. 
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The resulting ranking indicates that Poland was not among the top three countries in 
any of the analysed periods. In 2017 and 2018, it ranked 26th, and in 2019, it ranked 

27th, falling below the EU average and achieving the lowest rank. However, in 
2020, there was a notable improvement, with Poland ranking 15th, an improvement 
of 12 positions from the previous year. A further improvement in 2021 saw Poland 
achieve 7th position.  
 
However, between 2022 and 2023, Poland's position in the ranking declined once 
more, with a 25th-place ranking in 2022 and a 20th-place ranking in 2023.It is 
important to note that the aforementioned ranking is conducted within the context of 

a group of EU countries, with the average ranking for the entire EU serving as a 
reference point. This relative ranking indicates that fluctuations in the ranking do not 
necessarily imply a deterioration in the situation of e-commerce development in 
Poland in absolute terms; rather, they signify a relatively weaker rating within the 
group of EU countries. 
 
3.2 The Model-Free Measure of Development 

 
The MMD was utilised to ascertain the di values for all EU countries, with the EU27 
average serving as a benchmark. The values for all years included in the analysis, 
along with the year 2023, were considered in the determination of a ranking for each 
year. The country with the highest di value was assigned the highest ranking, with 
the lowest value determining the lowest ranking, as illustrated in Table 3. 
 

Table 3. E-commerce development ranking 2017-2023 
Country 2017 2018 2019 2020 2021 2022 2023 

European Union 12 13 14 13 14 14 15 

Belgium 10 12 7 9 11 11 11 

Bulgaria 25 23 25 28 28 28 28 

Czech Republic 19 17 19 10 9 7 7 

Denmark 4 3 5 1 1 1 2 

Germany 2 2 4 4 7 9 8 

Estonia 11 9 12 11 13 12 12 

Ireland 13 8 11 8 3 4 4 

Greece 28 27 28 24 23 22 23 

Spain 17 19 16 16 15 15 16 

France 5 11 8 7 8 10 9 

Croatia 6 7 10 21 22 23 22 

Italy 23 22 24 26 26 26 26 

Cyprus 26 28 26 23 24 25 24 

Latvia 22 21 23 20 19 20 20 

Lithuania 24 24 22 22 21 21 21 

Luxembourg 14 15 15 5 5 5 5 

Hungary 20 20 18 19 16 13 14 

Malta 3 4 3 15 17 16 17 

Netherlands 1 1 1 2 2 2 1 
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Austria 16 18 20 12 18 17 13 

Poland 15 16 17 18 20 18 19 

Portugal 21 25 21 25 25 24 25 

Romania 27 26 27 27 27 27 27 

Slovenia 9 14 13 14 12 19 18 

Slovakia 18 10 9 17 10 8 10 

Finland 7 5 2 6 6 6 6 

Sweden 8 6 6 3 4 3 3 

Source: Own study. 

 
Utilising a synthetic measure of development devoid of a benchmark, Poland does 
not feature within the top three in any of the analysed periods, including 2023.In the 

ranking based on the MMD method, Poland's position appears to be more stable in 
the analysed period (there is minimal change).  
 
In 2017, Poland is ranked 15th, and in the subsequent four years its position 
undergoes a gradual deterioration. In 2018, it was ranked 16th, and in 2019, it was 
ranked 17th. Finally, in 2020, it was ranked 18th, and in 2021, it was ranked 20th, 
which is the lowest reading in the entire analysis period. In 2022, Poland's position 

in the ranking was 18th, and in 2023 it was 19th. Throughout the analysis period, 
Poland's ranking was below the EU average. 
 
3.3 Comparison of TMD and MMD Rankings 

 
The subsequent stage of the research will involve an analysis of the alterations in 
ranking positions that have been caused by the method that has been utilised to 

ascertain the level of e-commerce development.In the context of 2017, the smallest 
discrepancy in ranking position was 3, and the largest was 23. In this context, the 
most notable countries were the Netherlands (TMD (22) vs. MMD (1)), Germany 
(TMD (24) vs. MMD (2)), and France (TMD (28) vs. MMD (5)). 
 
In the 2018 rankings, the difference in ranking position was reduced to 1, with the 
largest disparity remaining at 22. In this context, the most outstanding countries 
were Germany TMD (24) vs MMD (2), the Netherlands TMD (22) vs MMD (1) and 

Romania TMD (6) vs MMD (26).The example of Romania demonstrates that 
discrepancies between TMD and MMD can also occur in the other direction (i.e. 
TMD is not always higher than MMD). 
 
A similar observation was made when comparing rankings for the period 2019-2020, 
during which the smallest observed difference in ranking position was 1 and the 
largest was 22. In this context, the most notable countries were the Netherlands 

TMD (23) vs. MMD (1), Germany TMD (24) vs. MMD (4), and France TMD (28) 
vs. MMD (8).  
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In 2020, the smallest observed difference in ranking position was 1, while the largest 
was 23. In this context, the most notable cases were Bulgaria TMD (5) vs. MMD 

(28), the Netherlands TMD (24) vs. MMD (2), and Greece TMD (3) vs. MMD (24).  
 
It is evident that several countries stand out for the significant disparity between 
their positions in the two rankings, a phenomenon that is replicated in subsequent 
years (Germany, France, the Netherlands).An analysis of subsequent years will 
substantiate this observation. 
 
In 2021, the smallest observed difference in ranking position was 0, while the largest 

was 27, indicating the widest range of disparities to date. In this context, the most 
outstanding countries were Denmark - TMD (28) vs MMD (1), Romania TMD (1) 
vs MMD (27) and Cyprus TMD (3) vs MMD (24). 
 
In the context of 2022, the smallest difference in ranking position was 2 and the 
largest was 26. In this context, the most outstanding countries were Denmark TMD 
(27) vs MMD (1), Luxembourg TMD (28) vs MMD (5) and Greece TMD (3) vs 

MMD (22). 
 
The last year included in the analysis was 2023, in which the smallest difference in 
ranking position was 0 and the largest difference was 26. The most distinguished 
countries were Denmark TMD (28) vs. MMD (2), Romania TMD (2) vs. MMD 
(27), and Cyprus TMD (5) vs. MMD (24). 
 

The observation of repeated countries with the highest divergence in rankings was 
not confirmed, and the TOP 3 countries with the largest difference in rankings 
changed over the period of analysis, especially in the last years. However, there is 
some repetition over a 2-year period (e.g. 2022 and 2023 or 2017-2018). 
 
The results of ordering the EU countries by degree of e-commerce development 
according to the selected variables (usually 13), using both linear methods, proved to 
be divergent. 

 
A further comparison within the context of Poland itself is that of its position in the 
TMD and MMD rankings in relation to the EU27 average. In the context of both the 
TMD and MMD rankings, Poland ranked above the EU27 ranking. However, a 
correlation of changes in ranking positions between the EU27 and Poland can be 
observed in subsequent years of analysis.  
 

This indicates that a change in the EU17 ranking position was accompanied by a 
corresponding change in Poland's ranking position. While both rankings show that, 
in the period 2017-2019, changes seem to preserve the proportion, in subsequent 
periods, changes in Poland's ranking position were more dynamic, especially in the 
context of the TMD ranking. 
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Between 2017 and 2019, Poland exhibited a similar reaction to the EU27 (EU 
average) in terms of changes in its ranking position, suggesting that the proportion in 

the context of changes (in this case, improvement) in the values of the examined 
factors shaping e-commerce development is analogous to the analogous changes for 
the EU27.  
 
However, subsequent years witnessed an augmentation in the proportion, as Poland 
exhibited a more gradual decline in its position within the TMD ranking when 
compared to the EU27 (wherein one or more countries demonstrated a more 
expeditious enhancement in their factor values than Poland).Notably, in 2021, the 

scenario mirrored that of 2017, with regard to the extent of divergence between the 
EU27 and Poland's ranking positions. However, between 2022 and 2023, the 
divergence between the rankings of Poland and the EU27 increased, though the 
overall convergence of the trend was maintained. 
 
In the context of the MMD ranking, only the period 2019-2022 saw a slight 
widening of the gap between Poland's and the EU27's ranking positions. However, 

the direction of these changes remained consistent throughout the observed period. 
 
The aforementioned observations suggest that Poland's position in the TMD and 
MMD rankings generally mirrors that of the EU27, with the exception of a delay in 
the improvement or deterioration of its ranking. Consequently, it can be concluded 
that Poland, in terms of the analysed factors that shape e-commerce development, 
exhibits a behaviour akin to that of the entire EU27. However, given the levels of 

these indicators, it exhibits a lag in comparison to the EU27, consequently resulting 
in an average performance that is below the EU average. 
 
3.4 Grouping Based on Synthetic Measure Values 

 
The subsequent phase of the analysis entailed the establishment of groups, 
predicated on the values of the synthetic indicators of the degree of e-commerce 
development, as determined by the TMD and MMD methodologies. 

 
Table 4. Number of countries in each class based on synthetic TMD index (hi) for 
2017-2023 

Class boundaries 2017 2018 2019 2020 2021 2022 2023 

Class 3 0,277 <= hi < 0,309 7 5 6 15 10 11 12 

Class 2 0,31 <= hi < 0,379 8 10 9 7 10 11 10 

Class 1 0,38 <= hi < 0,605 13 13 13 6 8 6 6 

Source: Own study. 

 
As illustrated in Table 4, the classification criterion (ranges of values of the 
calculated hi indicator within the TMD) is presented, along with the number of 
facilities included in the class in the subsequent years of analysis. The first group 
contained the sites with the highest values of the synthetic measure of development 
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(TMD) of e-commerce in the entire group of countries studied. During the 2017-
2019 period, this group constituted the largest, comprising 13 countries each, as 

illustrated in Table 5.However, from 2020 onwards, a discernible shift in the size of 
this group becomes evident, characterised by a decline, thereby favouring a more 
equitable distribution of numbers across the remaining groups. 
   
This observation provides a compelling rationale for concluding that a substantial 
shift in the development of e-commerce has occurred in certain countries in 2020 
and beyond. This shift is characterised by the influence of specific factors that have 
contributed to this development. Some countries have enhanced the values of the 

examined factors to a considerable extent, resulting in a significant outperformance 
of others and a subsequent relegation to lower groups. 
 
Table 5. Country classification into synthetic TMD index (hi) groups for 2017-2023 

Country 2017 2018 2019 2020 2021 2022 2023 

European Union Class 3 Class 2 Class 2 Class 1 Class 1 Class 2 Class 1 

Belgium Class 1 Class 1 Class 1 Class 2 Class 2 Class 2 Class 2 

Bulgaria Class 1 Class 1 Class 1 Class 1 Class 2 Class 2 Class 2 

Czech Republic Class 1 Class 1 Class 1 Class 3 Class 3 Class 1 Class 2 

Denmark Class 1 Class 1 Class 1 Class 3 Class 3 Class 3 Class 3 

Germany Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 

Estonia Class 2 Class 2 Class 2 Class 1 Class 2 Class 1 Class 1 

Ireland Class 2 Class 2 Class 2 Class 3 Class 2 Class 2 Class 3 

Greece Class 2 Class 2 Class 2 Class 1 Class 1 Class 1 Class 3 

Spain Class 1 Class 1 Class 1 Class 3 Class 2 Class 3 Class 2 

France Class 3 Class 3 Class 3 Class 3 Class 1 Class 3 Class 1 

Croatia Class 2 Class 2 Class 2 Class 3 Class 3 Class 3 Class 3 

Italy Class 1 Class 1 Class 1 Class 2 Class 3 Class 2 Class 3 

Cyprus Class 2 Class 1 Class 1 Class 2 Class 1 Class 2 Class 1 

Latvia Class 1 Class 1 Class 1 Class 2 Class 2 Class 2 Class 2 

Lithuania Class 1 Class 1 Class 1 Class 3 Class 2 Class 1 Class 2 

Luxembourg Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 Class 2 

Hungary Class 2 Class 2 Class 2 Class 3 Class 3 Class 3 Class 3 

Malta Class 2 Class 2 Class 2 Class 1 Class 2 Class 1 Class 3 

Netherlands Class 3 Class 2 Class 3 Class 3 Class 1 Class 1 Class 1 

Austria Class 1 Class 2 Class 2 Class 2 Class 3 Class 2 Class 2 

Poland Class 3 Class 3 Class 3 Class 3 Class 1 Class 3 Class 3 

Portugal Class 2 Class 2 Class 2 Class 3 Class 2 Class 3 Class 3 

Romania Class 1 Class 1 Class 1 Class 3 Class 1 Class 3 Class 1 

Slovenia Class 1 Class 1 Class 1 Class 1 Class 3 Class 2 Class 3 

Slovakia Class 1 Class 1 Class 1 Class 2 Class 3 Class 2 Class 3 

Finland Class 1 Class 1 Class 1 Class 2 Class 1 Class 3 Class 2 

Sweden Class 3 Class 3 Class 3 Class 3 Class 2 Class 2 Class 2 

Source: Own study. 
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An analogous classification was carried out for the synthetic indicators of the e-
commerce development measure according to the MMD method. The class ranges 

are summarised in Table 6, together with the size of the groups in the following 
years. 
 
Table 6. Number of countries in each class based on synthetic MMD index (di) for 
2017-2023 

Class boundaries 2017 2018 2019 2020 2021 2022 2023 

Class 3 0 <= di < 0,363 13 14 13 6 5 6 9 

Class 2 0,364 <= di < 0,645 9 4 9 12 11 11 9 

Class 1 0,646 <= di < 1 6 10 6 10 12 11 10 

Source: Own study. 

 
The size of class one for MMD fluctuated between 6 and 10 countries between 2017 
and 2020, representing the second most numerous class during this period. In 
contrast, following 2020, there was an increase in class size, with it eventually 
reaching a level of 10. A similar increase in class 2 was observed between 2020 and 

2023, as illustrated in Table 7. 
 
Consequently, all available evidence suggests that 2020 was a pivotal year in the 
assessment of e-commerce development in EU countries. The findings indicate a 
substantial increase in both class 1 and class 2, suggesting an enhancement in the 
degree of e-commerce development as measured by the variables studied and the 
methods employed. 
 

Table 7. Country classification into synthetic MMD index (di) groups for 2017-2023 
Country 2017 2018 2019 2020 2021 2022 2023 

European Union Class 2 Class 2 Class 2 Class 2 Class 2 Class 2 Class 2 

Belgium Class 2 Class 2 Class 2 Class 1 Class 1 Class 1 Class 2 

Bulgaria Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 

Czech Republic Class 3 Class 3 Class 3 Class 1 Class 1 Class 1 Class 1 

Denmark Class 1 Class 1 Class 1 Class 1 Class 1 Class 1 Class 1 

Germany Class 1 Class 1 Class 1 Class 1 Class 1 Class 1 Class 1 

Estonia Class 2 Class 1 Class 2 Class 2 Class 2 Class 2 Class 2 

Ireland Class 2 Class 1 Class 2 Class 1 Class 1 Class 1 Class 1 

Greece Class 3 Class 3 Class 3 Class 3 Class 2 Class 2 Class 3 

Spain Class 3 Class 3 Class 3 Class 2 Class 2 Class 2 Class 2 

France Class 1 Class 2 Class 2 Class 1 Class 1 Class 1 Class 1 

Croatia Class 1 Class 1 Class 2 Class 2 Class 2 Class 3 Class 3 

Italy Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 

Cyprus Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 

Latvia Class 3 Class 3 Class 3 Class 2 Class 2 Class 2 Class 3 

Lithuania Class 3 Class 3 Class 3 Class 2 Class 2 Class 2 Class 3 

Luxembourg Class 2 Class 3 Class 2 Class 1 Class 1 Class 1 Class 1 

Hungary Class 3 Class 3 Class 3 Class 2 Class 2 Class 2 Class 2 

Malta Class 1 Class 1 Class 1 Class 2 Class 2 Class 2 Class 2 
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Netherlands Class 1 Class 1 Class 1 Class 1 Class 1 Class 1 Class 1 

Austria Class 3 Class 3 Class 3 Class 2 Class 2 Class 2 Class 2 

Poland Class 2 Class 3 Class 3 Class 2 Class 2 Class 2 Class 2 

Portugal Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 

Romania Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 Class 3 

Slovenia Class 2 Class 2 Class 2 Class 2 Class 1 Class 2 Class 2 

Slovakia Class 3 Class 1 Class 2 Class 2 Class 1 Class 1 Class 1 

Finland Class 2 Class 1 Class 1 Class 1 Class 1 Class 1 Class 1 

Sweden Class 2 Class 1 Class 1 Class 1 Class 1 Class 1 Class 1 

Source: Own study. 

 
The findings of the study, which were grouped by TMD and MMD-based methods, 
revealed a marked increase in the domain of e-commerce development in EU countries 
following 2020. However, the analysis indicated that this growth was not uniformly 
distributed across all EU countries, with some nations demonstrating faster 
development than others. This has resulted in a comparatively disadvantaged position 
for the remaining countries in both the ranking and the comparisons. 

 
A comparison of the TMR-based and MMD-based groupings reveals a lower 
abundance of the top class in the former, thereby confirming the earlier observation of 
a more dynamic development in certain countries, relatively more than the rest of the 
EU. This suggests that not all countries have taken full advantage of the opportunities 
created by the COVID-19 pandemic for e-commerce.  
 
The final element is a comparison of the affiliation to the specified classes of 

individual countries across the years analysed and the method used to synthetically 
measure the degree of e-commerce development. In 2017, 25 differences in class 
affiliations were recorded, but only for Denmark (class 1), Estonia (class 2) and 
Ireland (class 2), classification according to TMD and MMD values gave analogous 
class affiliations. For the remaining countries, the affiliations were quite different, 
often reversed. In 2018, there were slightly fewer differences in class affiliations, with 
22.  

 
This time, the group of countries with unchanged class affiliations included: EU27 
(class 2), Denmark (class 1), Luxembourg (class 3), Poland (class 3), Slovakia (class 
1) and Finland (class 1). For the remaining countries, the affiliations were quite 
different, sometimes reversed. In 2019, 21 differences in class affiliations were 
recorded. The group of countries with unchanged class affiliations included: EU27 
(class 2), Denmark (class 1), Estonia (class 2), Ireland (class 2), Poland (class 3) and 
Finland (class 1).  

 
A similar situation to that in 2018 was observed in 2020, when the number of 
discrepancies was more than 21; this time, it was 23. The group of countries with 
unchanged class membership included Latvia (class 2), Austria (class 2), Portugal 
(class 3), Romania (class 3) and Slovakia (class 2).In 2021, the number of changes was 
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19. The group of countries with unchanged class membership included: Estonia (class 
2), Spain (class 2), France (class 1), Italy (class 3), Lithuania (class 2), Malta (class 2), 

the Netherlands (class 1) and Finland (class 1).  
 
In 2022, the number of changes was also 19, and the group of countries with 
unchanged class membership included: EU27 (class 2), the Czech Republic (class 1), 
Croatia (class 3), Latvia (class 2), the Netherlands (class 1), Austria (class 2), Portugal 
(class 3), Romania (class 3), and Slovenia (class). In 2023, the number of 
discrepancies between classification into one of the three groups, based on TMD and 
MMD values, was also 19. The group of countries with unchanged class membership 

included: Belgium (class 2), Greece (class 3), Spain (class 2), France (class 1), Croatia 
(class 3), Italy (class 3), the Netherlands (class 1), Austria (class 2) and Portugal (class 
3). 
 
3.5 The Ward Method 

 
The Ward method is a distinct clustering technique that falls under the category of 

agglomerative methods. It is widely regarded as the most efficacious approach for 
generating homogeneous clusters, and in this context, it is employed to form groups. 
To ensure the comparability of this method with the preceding ones, the clustering 
process is undertaken under the premise of delineating three distinct groups.  
 
As illustrated in Figure 1, the Ward method's grouping dendrogram for the year 2017 
highlights these three groups. The first group (counting from the left) is designated 

group A, the second group is group B, and the last group is group C. These have been 
compared with the classification (classes) derived from the TMD and MMD methods. 
It is evident that in 2017, the classification by Ward's method does not coincide with 
the classes groups of the TMD and MMD methods. Group A is the most numerous, 
comprising 19 countries, and thus outnumbering the most numerous TMD and MMD 
classes. Furthermore, even in terms of content, groups B and C do not overlap with the 
less numerous TMD and MMD classes. 
 

Figure 1. E-commerce market clusters of EU countries in 2017 

 
Source: Own study. 
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Ward's classification system places Poland in group A, which comprises Croatia and 
Lithuania (the two countries are deemed to be most similar to each other). 

Conversely, Poland is positioned in TMD class 3, which encompasses countries such 
as France and the EU27, who are also classified in Ward's group A. The remaining 
countries in TMD class 3 fall outside of Ward's group 1, yet are situated within their 
respective subgroups (e.g., Ward's group B and subgroup: Netherlands - 
Denmark/Sweden). This finding indicates that Ward's grouping exhibits a higher 
level of focus on similarities, as compared to the TMD-based grouping, which is 
believed to be the root cause of the observed discrepancies in the assessments.  
 

Within the context of MMD-based grouping, disparities between this method and 
Ward's are also evident. Poland is categorised in MMD-based grouping as class 2, 
which encompasses countries falling within Ward's group A, such as the EU27, 
Estonia, and Slovakia. This finding indicates that the level of similarity is 
comparable to that observed in the TMD and Ward comparison. 
 
Figure 2 presents the Ward clustering dendrogram for 2018, with the three groups 

highlighted. It is evident that the groups appear to be more balanced in terms of 
object abundance. A subsequent comparison with the classification (classes) derived 
from the TMD and MMD methods will be made. This comparison reveals that, 
according to Ward's classification, Poland was placed in group B, which includes 
Lithuania and Portugal as the closest countries, as well as Romania, Bulgaria, 
Latvia, Cyprus and Greece. Group B thus contains a total of eight countries.  
 

In the TMD classification, Poland was placed in group 3, and none of the countries 
included in this group were in Ward's group B. On the other hand, in the case of the 
classification based on the TMD, Poland was placed in class 3 with 13 other 
countries. The recurring countries from Ward's classification (group B) are: Greece, 
Cyprus, Lithuania, Latvia, Bulgaria, Romania, and Portugal. It is evident that there is 
a substantial overlap between MMD group 3 and Ward's group B. 
 
Figure 2. E-commerce market clusters of EU countries in 2018 

 
Source: Own study. 
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As illustrated in Figure 3, Poland's 2019 classification places it in group C, alongside 
14 other countries. This group constitutes a direct subgroup, with Latvia being the 

immediate predecessor, followed by Lithuania, Bulgaria and Romania. A 
comparison with the TMD-based classification, in which Poland is positioned in 
group 3 with five other countries, reveals a clear divergence in the two 
classifications.  
 
France is the only member of the TMD group 3 that appears in Ward's group C.In 
contrast, when the classification is based on the MMD, where Poland is in group 3 
with 12 other countries, the discrepancy is reduced.The countries in Ward's group C 

and in MMD group 3 are Bulgaria, Spain, Lithuania, Latvia, Hungary, Austria and 
Romania. This finding indicates a persistent discrepancy between the Ward 
classification and both the TMD and MMD classifications. 
 
Figure 3. E-commerce market clusters of EU countries in 2019 

 
Source: Own study. 

 
As illustrated in Figure 4, Poland's 2020 classification places it in group C, alongside 

12 other countries. This group constitutes a direct subgroup with Hungary, followed 
by Croatia, Slovenia, Estonia and Malta. In comparison to the TMD-based 
classification, in which Poland is positioned in group 3 with 14 countries, the 
disparities between the classifications appear to be less pronounced than in previous 
years. The TMD group 3 includes Spain, France, Croatia, Lithuania and Hungary, 
and these countries are also part of Ward's group C. 
 

A comparison of the classification based on MMD reveals that Poland is in group 2 
with 11 other countries, indicating reduced discrepancies. Ward's group C and MMD 
group 2 consist of the EU27, Estonia, Spain, Croatia, Lithuania, Latvia, Hungary, 
Malta, Austria, Slovenia and Slovakia, indicating an overlap between the groups. 
For both the Ward method and the MMD method, Poland is positioned in the same 
group. 
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Figure 4. E-commerce market clusters of EU countries in 2020 

 
Source: Own study. 

  

Ward's classification for 2021 is illustrated in Figure 5, where Poland is positioned 
in group B with 14 other countries. This group constitutes a direct subgroup with 
Lithuania, followed by France, Slovakia, Spain, Austria, Italy, EU27 and Estonia. In 
comparison to the TMD-based classification, where Poland is in group 1 with 7 
countries, the discrepancy between the classifications appears to be significant once 
more. The TMD group 1 includes EU27 and France, which are part of Ward's group 
B. 
 

Figure 5. E-commerce market clusters of EU countries in 2021 

 
Source: Own study. 

  
A comparison of the classification based on MMD, in which Poland is positioned in 
Group 2 with 10 other countries, reveals reduced discrepancies. Within Ward's 
group B and MMD group 2, the countries include the EU27, Estonia, Spain, Croatia, 
Lithuania, Latvia, Hungary, and Austria. There is substantial overlap between these 
groups. For the Ward method and the MMD method in the group encompassing 

Poland, the disparities are minimal. 
 
The Ward classification for 2022 is illustrated in Figure 6, where Poland is 
designated group B with 11 other countries. It forms a direct subgroup with 
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Lithuania, followed by the Czech Republic and the other countries in the group. In 
comparison to the TMD-based classification, in which Poland is in group 3 with 10 

countries, significant discrepancies in the classifications occur. Notably, within the 
TMD group 3, Germany, Spain, France and Hungary are positioned in Ward's group 
B. 
 
Figure 6. E-commerce market clusters of EU countries in 2022 

 
Source: Own study. 
 
A comparison of the classification based on MMD, in which Poland is positioned in 
Group 2 alongside 10 other countries, reveals reduced discrepancies. Within Ward's 

Group B and MMD Group 2, the countries include the EU27, Estonia, Spain, Latvia, 
Hungary, Austria, and Slovenia, indicating substantial overlap between these groups. 
Notably, the differences between the Ward method and the MMD method in the 
aforementioned group are minimal. 
 
The Ward classification for 2023 is illustrated in Figure 7, where Poland is 
positioned in Group A alongside 17 other countries. This group constitutes a direct 

subgroup, with Germany and Slovenia, followed by France, Austria, the EU27, 
Estonia, Hungary and Slovakia. In comparison to the TMD-based classification, in 
which Poland is placed in Group 3 with 11 countries, the discrepancy between the 
two classifications is minimal.  
 
Notably, within TMD group 3, Germany, Greece, Croatia, Italy, Hungary, Portugal, 
Slovenia and Slovakia are classified in Ward's group B. The disparities between the 

Ward method and the TMD-based approach are marginal in both the group 
containing Poland and the group comprising TMD group 3. 
 
A comparison of the classification based on MMD reveals that Poland is in group 2 
with eight other countries, thus demonstrating greater discrepancies. Within Ward's 
group A and MMD group 2, the countries EU27, Estonia, Hungary, Austria and 
Slovenia are included. It is evident that in the group where Poland is located, the 
differences are medium and larger than in the TMD vs Ward case. 
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Figure 7. E-commerce market clusters of EU countries in 2023 

 
Source: Own study. 

 

4. Discussion 

 
A study of the development of the e-commerce market in Poland between 2017 and 
2022 indicates dynamic growth in this sector, although this growth remains below 
the average for the European Union. Similar observations have been made in the 
literature, which emphasises that, despite intensive development, the Polish e-
commerce market still has potential for further expansion (Pyra et al., 2024). 
 

The employment of TMD in the study facilitated a comparison of Poland's position 
with that of other EU countries, with the results indicating that Poland occupies the 
lowest rank in the ranking. This finding is consistent with earlier analyses that 
emphasised the challenges confronting the Polish e-commerce market, such as the 
necessity to develop logistics infrastructure and to enhance consumer confidence in 
online shopping (Pieczarka, 2019). 
 

The MMD analysis confirmed that Poland, despite a significant improvement in e-
commerce indicators, is still in the group of countries with an average level of 
development. These results are consistent with previous studies on e-commerce in 
EU countries, which showed that the markets of Central and Eastern Europe are 
characterised by high growth rates, but their overall level of development still lags 
behind leaders such as Germany, the Netherlands or France.  
 

An analysis by CMI shows that in 2020, the e-commerce market in Eastern Europe 
grew at a rate of 36%, and in Central Europe at 28%, which is significantly higher 
than in Western Europe, where the growth rate was only 4% (Analysis…, 2023). 
Notwithstanding this observed momentum, certain Central and Eastern European 
countries, including Poland, Romania and the Czech Republic, continue to exhibit a 
relative underperformance in terms of their overall development levels when 
benchmarked against more advanced Western markets (European…, 2023). 
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Additionally, a report by Autopay underscores that Europe's most substantial e-
commerce markets, such as those in the UK, France and Germany, are estimated to 

possess an aggregate value of €93 billion, thereby signifying a notable competitive 
edge for these nations over their CEE counterparts (What…, 2019). It is important to 
note that Central and Eastern European markets, despite their dynamic growth, 
continue to face challenges related to low levels of competition and limited local 
product availability, which negatively impacts their competitiveness against more 
developed markets (Analysis…,2023). 
 

5. Conclusions 

 

A further comparison of the synthetic assessments of the development of Polish e-
commerce in 2017-2022 can be made by summarising them. However, it is first 
necessary to convert Ward's grouping results into numerical groups, as in the case of 
TMD and MMD.For this purpose, the following assumption is made: 
 
1) Group A corresponds to class 1; 

2) Group B corresponds to class 2; 
3) Group C corresponds to class 3. 
 
Utilising the aforementioned approach, the results of the Ward method grouping 
were transformed and compared on one graph with the scores in the TMD and MMD 
methods. It is evident that the initial and final periods exhibit analogous situations in 
terms of the classification of the degree of development by individual methods.  

 
During the period of the most dynamic development of Polish e-commerce (in terms 
of turnover value dynamics), Poland generally falls into class 3, which is not the 
highest rating. From 2020 to 2022, Poland appears to have stabilised its rating, 
maintaining class 2. The MMD method appears to offer greater stability in Poland's 
classification, as it is less subject to change. Furthermore, a transition to a 'superior 
class' appears to be associated with the growth of the e-commerce market in terms of 
turnover value. 

 
The TMD classification appears to be more responsive to environmental changes 
(i.e. among the compared countries) in the case of Poland from the perspective of its 
classification based on the value of the synthetic measure of development thus 
determined. The dynamic growth of e-commerce in Poland resulted in its swift 
ascent to the 'best class', followed by a rapid reversion to its original position in class 
3. 

 
The MMD classification exhibited a stronger correlation with the Ward method than 
with the TMD method. This renders it challenging to ascertain a clear winner among 
the methods. None of the employed classifications or approaches demonstrated a 
clear advantage over the others. Furthermore, the results obtained do not converge to 
such an extent as to warrant recommending one approach over another as the most 
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advantageous, i.e. incorporating the strengths of each and additional benefits 
(informational or efficiency from the point of view of calculation and data 

collection). All the approaches used appear to be interlinked and therefore to some 
extent complementary, a statement that is most valid especially in the context of a 
classification based on the Ward method.  
 
The method complements the outcomes of the TMD and MMD techniques by not 
indicating the absolute distance from the objects being compared, but rather 
highlighting the closest similar objects and identifying the most similar entities. This 
may be particularly significant in the context of historical 'success case' analyses of 

e-commerce markets, which are currently more developed than the Polish market 
and, for specific reasons (structure, regulations, efficiency, etc.), may be regarded as 
a model to emulate. 
 
Ward's method facilitates the determination of the temporal discrepancy between the 
home market and the historical benchmark market. This, in turn, enables the 
identification of the actions taken by the benchmark market that led to its current 

level of development. These actions can then be replicated in an adapted form within 
the domestic market. 
 
It is imperative to acknowledge that both the TMD and MMD methods yield 
remarkably substantial insights concerning the relative advancement of the domestic 
market. The TMD method appears particularly adept at facilitating comparisons that 
prioritise ranking, focusing on a limited timeframe or a circumscribed context. This 

is due to its capacity to provide a compelling comparison to current peak 
performance in specific domains (maximum values of variables within a designated 
group of comparator countries).  
 
Nevertheless, it should be noted that the TMD method does not engage in direct 
comparison with real entities, but rather with an ideal benchmark. This highlights 
inequalities between entities, which may be attributed to the inherent characteristics 
of each market. In contrast, the MMD method appears to be more beneficial in long-

term perspectives, such as Poland's position in the EU internal market. By 
comparing entities within a given group, it focuses on competitive advantages from 
the perspective of the examined variables. Consequently, it may provide the 
foundation for formulating plans and actions with a longer timeframe. 
 
It is important to note that none of the methods used can constitute a stand-alone 
basis for ranking or strategy. At most, it can be an element of the procedures for 

controlling the effects of the applied strategy or be an element of diagnostics. The 
application of methods based on the TMD or MMD approach is derived from the 
choice of diagnostic data (the variables under study). Consequently, methods should 
invariably be contemplated within the purview of the variables encompassed within 
the assessment, with greater import placed on the selection of variables than on the 
method itself.   
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