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 Abstract: The main objective of the paper is to evaluate ICT usage in
enterprises in 31 European countries. For that purpose, ICT usage in
enterprises index (ICTEI) was developed using the TOPSIS approach based
on the entropy method. Subsequently, having used the cluster analysis,
countries were classified into clusters according to the observed indicators
of ICT usage. Results show that Finland, Denmark, Norway, Sweden and
Ireland are the top 5 countries when the advanced ICTs are prioritized.
Based on the k-means clustering, Finland is a leader in a cluster of a very
high ICT usage in enterprises and it is followed by Denmark, Norway, and
Sweden. The cluster of high ICT usage in enterprises includes Ireland,
Netherlands, Slovenia, Spain, and United Kingdom. Finally, the countries
characterized by moderate and modest ICT usage are positioned in the
remaining two clusters. The results of this research will facilitate the
perception of a country's position in relation to others, but will also signal
the need to take measures to strengthen the ICT capacity of the business
sector in the countries with a low value of ICTEI. 
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1. Introduction 

Every company, according to the activity it performs, has some influence on the 
socio-economic development of the country in which it operates. The business sector 
undoubtedly makes an exceptional contribution to the growth of gross domestic 
product. Production volume and output quality, the degree of innovation of 
companies, in terms of using alternative inputs, creating new products, providing 
services in a non-traditional way, etc. they largely trace the direction and dynamics 
of the country's economic development. The level at which the business sector as a 
whole, and each company individually, will be positioned regarding the 
aforementioned performance, depends on their ability to adapt and adapt to the 
tendencies characteristic of the new era of economy, known as the knowledge-based 
economy. The "naked eye" elusive development of ICT in the last two decades is the 
backbone of the knowledge-based economy and is an imperative for its progress. 
ICT penetrates all pores of society, changing the way of life and business philosophy, 
which motivates researchers from different fields to analyze the role of ICT, 
especially in business, in terms of considering aspects of business in which ICT 
would cause significant positive changes and examining implications. The use of 
ICT causes diverse repercussions on business operations and on the national 
economy. Since the purpose of this paper is not to analyze the impact of ICT use on 
business and the economy, the benefits of ICT use will only be briefly listed below, 
with an emphasis on innovation, which is a major driver of growth and development 
in the 21st  century. 

Adoption and comprehensive use of ICTs are key factors in business strategy 
development, creating the conditions that stimulate creativity and innovation 
development (Ongori & Migiro, 2010). Innovation represents a new way of 
organizing business, which can be significantly improved by using ICTs (Haseeb, 
2015). Therefore, the most developed and innovative organizations are those that use 
ICTs to facilitate and drive innovation in business processes and products and 
services (Arvanitis et al., 2013). 

The use of different types of ICTs in business enables inconceivable and diverse 
opportunities which were unimaginable two decades ago for companies to make 
progress. For example, the use of CRM software allows the analysis of various data 
concerning relations and transactions with customers (Kleis et al., 2012), based on 
which some new needs can be identified that could be met by some modification of 
the existing or development of a completely new product. Better knowledge of 
customer needs and reduced order processing time provided by ICTs based software 
solutions, such as ERP, CRM and similar, make it easier for firms to offer new 
customized products and services, which will lead to improved customer response 
(Ansari & Mela, 2003). Thanks to ICTs, the rapid response of companies in terms of 
recognizing, adopting and incorporating newly identified customer requirements 
into the product, will have very noticeable reflections on the customer satisfaction 
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and loyalty, as important pillars of sustainable company profitability. Similar effects 
are achieved by using social media (Hitchen et al., 2017) and websites (Spiezia, 2011) 
in business. It has been shown that the number of web facilities increases the 
probability to introduce a new product for the manufacturing firms (five countries out 
of eight) and also for the service firms (six countries out of seven). The effect of ICT 
usage on the probability to introduce a new product in services mainly occurs through 
new services (Spiezia, 2011). By reorienting from traditional trade to online sales and 
purchases, i.e. e-commerce, companies achieve numerous savings. E-commerce 
reduces the need for a large number of retail facilities, and, thus, consequently for 
labour. By reducing the number of intermediaries between a seller and a buyer, e-
commerce makes the supply chain much more efficient. In addition, e-sales and e-
purchases reduce administrative costs, as they eliminate the need for paper-based 
supporting documentation, but more importantly, inventory costs will be reduced. 

ICTs enable that the physical distance of key stakeholders is no longer an 
obstacle in the process of information exchange and knowledge creation, which 
certainly increases the probability of success in the innovation process. Also, ICTs 
ensure more efficient communication within the organization itself and between 
physically distant parts of the organization, which can be reflected in reducing 
operating costs and raising productivity. 

The use of ICT brings numerous benefits to companies through the improvement 
of production and business processes, which will further have a positive impact on 
the functioning of the entire economy. There are different approaches in the literature 
to explaining how ICTs contribute to economic progress (Smith, 2002). According 
to the first approach, the emergence of new, ICT-based sectors, including the ICT-
producing sector, contributes to a more dynamic economic growth. Within this 
approach, two sources of economic growth stand out. New ICT-based sectors 
achieve higher growth rates of added value, productivity and higher levels of income, 
which itself is a source of growth for the national economy. By creating new inputs 
and/or production methods that generate higher levels of productivity, ICT-based 
sectors generate changes in other sectors of the economy, mostly in a positive 
direction. The second approach, according to which ICTs are viewed as a new type 
of capital good, is based on the assumption that the increased investment in ICT will 
lead to the increased labour productivity and overall factor productivity. However, 
there is a third potential indirect growth impact – spillover effects. When the 
spillover effects of technological advances from industries producing ICT to 
industries using ICT takes place, an increase in total factor productivity can be 
achieved (Jorgensen, Ho & Stiroh, 2002; van Ark, 2002). 

The previously elaborated benefits that companies and national economies have 
from the use of ICT require constant monitoring and evaluation of the use of ICT by 
decision makers. This is especially important for economic policy makers on whom 
the ICT capacity of the business sector depends to a certain extent, and, in general, 
the spread of ICT throughout society. 
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There is a wide range of indicators that policy makers can use to monitor the 
situation in the field of ICT. Most of the indicators, which cover different areas of 
ICT, have been developed by Eurostat. As these are a large number of individual 
indicators, policy makers may have some difficulty in drawing clear conclusions 
based on their analysis. Therefore, and taking into account the importance of ICT for 
growth and development, the aim of this research is to create a composite index of 
ICT usage in enterprises. This index should alleviate the diagnose of the situation in 
the domain of ICT usage in enterprises, compared to finding a common trend in 
many single indicators. Also, the advantage of using a composite index consists 
mainly of the simplicity of the results (individual ranking) and the ease with which 
it is possible to compare different units. Of course, it is indisputable that, in any case, 
it is necessary to analyze individual indicators, i.e. the structure of the composite 
index, in order to identify segments within ICT in which there are weaknesses. 

In the first part of the empirical research, countries were ranked according to the 
ICT usage in enterprise using TOPSIS multi-criteria analysis method. In the second 
part, the cluster analysis was used to classify countries into clusters according to the 
results of TOPSIS. 

2. Methodology 

2.1. Steps in creating ICT usage in enterprises index (ICTEI) 

2.1.1. Selection of indicators and missing values imputation  

The evaluation of the ICT usage in enterprises in European countries was performed 
on the basis of data available on the Eurostat website (section: Digital economy and 
society; subsection: ICT usage in enterprises). A list of indicators used in the paper 
is presented in Table 1. 

The data for 2019 were used to the greatest extent for the purposes of the 
evaluation of ICT usage in enterprises. For indicators C23, C42, C43 and C44 data 
for 2019 are not available. Thus, the data for 2017 were used for indicator C23 and 
for other three indicators the data for 2018 were used. Also, for some countries data 
on certain indicators are not available for 2019. For example, in the case of Malta 
data for 2017 were used for indicator C13; in the case of Finland for indicator C31 
data for 2018 were used, and in the case of Germany for indicator C14 the data for 
2017 were used. According to available data, the evaluation of ICT usage in 
enterprises was performed on a sample of 31 countries: Austria, Belgium, Bosnia 
and Herzegovina, Bulgaria, Croatia, Czech Republic, Cyprus, Denmark, Estonia, 
Finland, France, Germany, Greece, Hungary, Italy, Ireland, Latvia, Lithuania, 
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Serbia, 
Slovakia, Slovenia, Spain, Sweden and the United Kingdom. 
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Table 1 Indicators of ICT usage in enterprises 

Goal Criteria Subcriteria Optimization 

 
IC
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E
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N

D
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X
 

 
 
E-commerce 

(C1) 

Enterprises with e-commerce sales to other EU 
countries and the rest of the world (C11) 
Enterprises with e-commerce sales (C12)  
Enterprises’ total turnover from e-commerce (C13) 
Difficulties for web sales to other EU countries (of 
high costs, complaints, labelling, languages, 
business partners restrictions) (C14)   

max 
 

max 
max 
min 

 
Connection 

to the 
internet (C2) 

Enterprises with internet access (C21) 
Persons employed using computers with access to 
www (C22)  
The maximum contracted download speed of the 
fastest fixed internet connection is at least 30 Mb/s, 
but less than 100 Mb/s (C23)  
Persons employed that were provided with a 
portable device that allows a mobile connection to 
the internet for business use (C24)  

max 
max 

 
max 

 
 

max 

Websites 
and use of 

social media 
(C3) 

Enterprises with a web (C31)  
Use enterprise’s blog or microblogs (C32)  
Develop the enterprise's image or market products 
(C33)  
Involve customers in development or innovation of 
goods or services (C34)  

max 
max 
max 
max 

 
E-business 

(C4) 

Enterprises using software solutions like Customer 
Relationship Management (CRM) (C41)  
Enterprises sending e-Invoices, suitable for 
automated processing (C42)  
Buy cloud computing services used over the internet 
(C43)  
Use 3D printing (C44)  

max 
 

max 
 

max 
 

max 

Note: The data used in the analysis apply to all enterprises, without financial sector (10 
persons employed or more). All data are given in %. 

Source: Prepared by authors based on EUROSTAT. 

2.1.2. Weighting  

One of the important steps in creating composite indicators is the selection of 
criterion weights and subcriteria. There is a whole set of different methods in the 
literature for determining weights, and they can all be categorized into two groups: 
subjective and objective. In order to avoid bias in determining criteria weights, 
objective method called entropy method, developed by Shannon (1948), was used. 
The concept of entropy measures the amount of decision information contained by 
each property. 

Entropy method can be applied in the following way: 
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Step 1 Normalization of decision matrix: 

𝑃௜௝ ൌ
௑೔ೕ

∑ ௑௜௝೘
೔సభ

                                                        ሺ1ሻ 

where: Xij - value of the ith subcriterion and  jth alternative; i - subcriteria: C11, 
C12,…C44;  j - alternatives: Austria, Belgium, Bulgaria, Czech Republic,…United 
Kingdom. 

Step 2. Calculation of entropy value: 

𝐸௝ ൌ െ𝑡 ෍ 𝑃௜௝

௠

௜ୀଵ

ൈ  𝑙𝑛𝑃௜௝                                       ሺ2ሻ 

where: t=1/Ln(m); m - number of alternatives. 

Step 3. Computation of entropy weights: 

𝑊௝ ൌ
𝐷௝

∑ 𝐷௝
௡
௜ୀଵ

                                                    ሺ3ሻ 

where: Dj is the degree of deviation of essential information for each criterion 
and can be calculated as follows: 𝐷𝑗 ൌ 1 െ 𝐸𝑗; n – number of subcriteria. 

2.1.3. Aggregation 

The last step in creating composite indices considers the selection of the 
appropriate aggregation method. A review of previous research aimed at creating 
composite indices, the most commonly used methods of aggregation are: arithmetic 
mean, geometric mean and different types of MCDM methods (OECD, 2008). For 
the purpose of evaluation of ICT usage in enterprise in the European countries, 
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) is used. 
Hwang & Yoon (1981) developed TOPSIS and it is one of the most popular Multi-
Criteria Decision Making (MCDM) methods. It is a linear weighting technique, 
which is used to identify a solution from a finite set of points. TOPSIS presents an 
index called closeness to the best-ideal solution and remoteness from the worst-ideal 
solution, in which the alternative with the highest similarity to the best-ideal solution 
should be chosen (Onat et al., 2016) 

TOPSIS is applied in several steps: 

Step 1 Normalization of the constructed decision matrix: 

 

𝑅௜௝ ൌ
𝑋௜௝

ට∑ 𝑋௜௝
ଶ௡

௝ୀଵ

                                                      ሺ4ሻ 
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where: Xij - value of the ith subcriterion and  jth alternative; i - subcriteria: C11, 
C12,…C44;  j - alternatives: Austria, Belgium, Bulgaria, Czech Republic,…United 
Kingdom. 

Step 2 Create weighted normalized decision matrix: 

𝑊𝑅 ൌ 𝑊௝ ൈ 𝑋𝑅௜௝                                                          ሺ5ሻ 

where: XRij - normalized value of the ith subcriteria and jth alternative; Wj - weight 
of the jth criterion obtained by entropy method. 

Step 3 Determination of the best and worst ideal solution: 

𝑊𝑅௕௘௦௧ ൌ ሼ𝑊𝑅௕ଵ, 𝑊𝑅௕ଶ, … 𝑊𝑅௕௡ሽ=൛ሺmax 𝑊𝑅௜௝ห𝑗 ∈ 𝐽ሻ, ሺ𝑚𝑖𝑛𝑊𝑅௜௝|𝑗 ∈ 𝐽´ሻൟ                   ሺ6ሻ 

𝑊𝑅௪௢௥௦௧ ൌ ሼ𝑊𝑅௪ଵ, 𝑊𝑅௪ଶ, … 𝑊𝑅௪௡ሽ ൌ ൛ሺ𝑚𝑖𝑛𝑊𝑅௜௝ห𝑗 ∈ 𝐽ሻ, ሺ𝑚𝑎𝑥𝑊𝑅௜௝|𝑗 ∈ 𝐽´ሻൟ              ሺ7ሻ 

where: J – related to the benefit criteria; J´ - related to the cost criteria. 

Step 4 Calculation of the Euclidean distance of each alternative from the best 
and worst ideal solution: 

di
best =ට∑ ሺ𝑊𝑅௜௝

௡
௝ୀଵ െ 𝑊𝑅௕ሻଶ                                                  ሺ8ሻ 

                            di
worst =ට∑ ሺ𝑊𝑅௜௝

௡
௝ୀଵ െ 𝑊𝑅௪ሻଶ(9) 

where: WRb - the ideal best value; WRb - the ideal worst value. 

Step 5. Calculation of the closeness coefficients and ranking the alternatives: 

𝐶 ሺ𝐼𝐶𝑇𝐸𝐼ሻ ൌ
𝑑௜

௪௢௥௦௧

𝑑௜
௪௢௥௦௧ ൅ 𝑑௜

௕௘௦௧                               ሺ10ሻ 

where: 0 ≤ C (ICTEI) ≤ 1. 

2.2. Cluster analysis 

Cluster analysis groups the observation units into clusters, so that similar observation 
units are found in the same group or cluster. The distribution of observation units 
into clusters is done based on a score determined due to the values of all indicators 
for each observation unit. One of the most commonly used methods for solving 
clustering problems is the K-means algorithm (Saxena et al. 2017). The procedure 
for applying the k-means algorithm is based on classifying the dataset into a 
predefined number of clusters (k). The basic idea is to determine the k centroid, one 
for each of the clusters. The objective function J can be represented as follows: 
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arg min  𝐽 ൌ ෍ ෍ ቘ𝑥௜
ሺ௝ሻ െ 𝑐௝቙

ଶ
௡

௜ୀଵ

௞

௝ୀଵ

                   ሺ11ሻ 

where: ቘ𝑥௜
ሺ௝ሻ െ 𝑐௝቙

ଶ
is a chosen distance measure between a data point 𝑥௜

ሺ௝ሻ and 

the cluster center 𝑐௝, k - number of clusters, n – number of cases, xi – case i, cj– 
centroid for cluster j. 

3. Results 

3.1. Creating ICTEI and ranking countries 

The calculated weights based on the entropy method (as described in Section 2 
Weighting) indicate that the most significant criteria of ICT usage in enterprises are: 
C4 and C1, while C3 and C2 are the less important criteria. The most important 
subcriteria under C1 are: C14 and C13. When it comes to criterion C4, the most 
important subcriteria are: C42 and C43, while the most important subcriterion for 
criterion C3 is C32. Lastly, the least important criterion for ICT usage is C2, within 
which the most important ones are the subcriteria C24 and C22. 

Table 2 Relative importance of the criteria and subcriteria 

Criteria Weights Rank Subcriteria Local weights Rank Global weights 
 

C1 
 

0.31092 
 

2 
C11 
C12 
C13 

C14 

0.23456 
0.14039 
0.28290 
0.34218 

3 
4 
2 
1 

0.07293 
0.04365 
0.08796 
0.10639 

 
C2 
 

 
0.09829 

 
4 

C21 
C22 
C23 
C24 

0.00631 
0.24163 
0.16645 
0.58561 

4 
2 
3 
1 

0.00062 
0.02375 
0.01636 
0.05756 

 
C3 
 

 
0.22401 

 
3 

C31 
C32 

C33 
C34 

0.04705 
0.60613 
0.13124 
0.21553 

4 
1 
3 
2 

0.01054 
0.13578 
0.02940 
0.04828 

 
C4 

 
0.36677 

 
1 

C41 
C42 
C43 

C44 

0.13098 
0.39289 
0.28574 
0.19037 

4 
1 
3 
2 

0.04804 
0.14410 
0.10480 
0.06982 

Source: Authors 
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Table 3 Ranking countries according to ICTEIadvanced and ICTEIequal 

Country ICTEIadvanced Ideals Rank ICTEIequal Ideals Rank Difference 
in Ranks 

 

0.742876 1.00000 1 0.712975 1.00000 1 0 

 

0.571541 0.76936 2 0.60913 0.85435 3 -1 

 

0.560443 0.75442 3 0.566383 0.79439 5 -2 

 

0.545353 0.73411 4 0.613125 0.85995 2 2 

 

0.513278 0.69093 5 0.573279 0.80407 4 1 

 

0.500931 0.67431 6 0.441875 0.61977 10 -4 

 

0.485611 0.65369 7 0.533016 0.74759 7 0 

 

0.455897 0.61369 8 0.535928 0.75168 6 2 

 

0.442615 0.59581 9 0.439528 0.61647 11 -2 

 

0.425087 0.57222 10 0.523904 0.73481 8 2 

 

0.42048 0.56602 11 0.415182 0.58232 14 -3 

 

0.418626 0.56352 12 0.399155 0.55984 17 -5 

 

0.395457 0.53233 13 0.495410 0.69485 9 4 

 

0.395306 0.53213 14 0.423140 0.59349 12 2 

 

0.36442 0.49055 15 0.419398 0.58824 13 2 

 

0.341817 0.46013 16 0.400809 0.56216 16 0 

 

0.324473 0.43678 17 0.356611 0.50017 19 -2 

 

0.31894 0.42933 18 0.325217 0.45614 24 -6 

 

0.303946 0.40915 19 0.352492 0.49439 20 -1 

 

0.302817 0.40763 20 0.404023 0.56667 15 5 

 

0.299331 0.40294 21 0.350349 0.49139 21 0 

 

0.294686 0.39668 22 0.332179 0.46591 23 -1 

 

0.294503 0.39644 23 0.290174 0.40699 28 -5 

 

0.294499 0.39643 24 0.306842 0.43037 25 -1 

 

0.280594 0.37771 25 0.303901 0.42624 26 -1 

 

0.274908 0.37006 26 0.299558 0.42015 27 -1 

 

0.273068 0.36758 27 0.346429 0.48589 22 5 

 

0.270491 0.36411 28 0.269644 0.37819 30 -2 

 

0.269788 0.36317 29 0.279940 0.39264 29 0 

 

0.262382 0.35320 30 0.367952 0.51608 18 12 

 

0.253773 0.34161 31 0.242593 0.34026 31 0 

Source: Authors. 
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After determining the weights of criteria and subcriteria, a multi-criteria analysis 
is carried out using the TOPSIS approach, as described in Section 3 Aggregation. It 
is important to note that ranking is done in such a way that advanced ICTs (C4 and 
C1) have a priority over basic ICTs (C3 and C2). Based on ICTEIadvanced (Table 3), 
Finland is in the first place in 2019. The following 4 positions occupy: Denmark, 
Norway, Sweden, and Ireland, respectively. Slovenia, United Kingdom, 
Netherlands, Spain, Belgium, and Cyprus are ranked at positions 6 through 11, 
respectively. The last five positions, from 27 to 31, are occupied by Czech Republic, 
Bulgaria, Hungary, Germany, and Romania, respectively.  

Denmark, Norway, and Sweden took distant positions from the leader and 
obtained, respectively, 76.93%, 75.44%, 73.41% of the best assessment value, while 
Estonia, Greece, Latvia, Bosnia and Herzegovina, Poland, Czech Republic, Bulgaria, 
Hungary, Germany, and Romania have the worst scores, in the range from 39.66% 
to 34.16% of the leaders' scores. 

Since the weights obtained by the entropy method give priority to advanced ICTs 
(C4 and C1), equal weights will also be used in the paper (all criteria of ICT usage 
are equally proffered) in order to see potential changes in the position of countries 
with changing importance of ICT usage criteria. 

As can be seen in Table 3, based on the obtained ICTEIequal values, the first 5 
positions are occupied by the same countries, only the distribution of positions has 
changed somewhat. Finland is still in the lead. Denmark and Norway are in the 3rd  
and 5th place, respectively, which is worse by 1 and 2 positions, respectively, 
compared to the previous ranking. Sweden now occupies the 2nd position (climbed 
for 2 places), and Ireland the 4th position (climbed for 1 place). The largest change 
of position occurred in the case of Germany (climbed for 12 positions), Slovakia 
(descended for 6 positions), Czech Republic and Austria (climbed for 5 positions), 
and Greece and Italy (descended for 5 positions). Apart from Finland, the previous 
positions were retained by the United Kingdom, Lithuania, Luxembourg, Hungary, 
and Romania. If we compare the values from the column Ideals between 
ICTEIadvanced and ICTEIequal, it can be noticed that the distance between the leader 
country and the remaining countries is smaller in the case of ICTEIequal ranking. 

3.2. Clustering countries according to ICT usage in enterprises 

Cluster analysis will identify which countries have significant similarities to the 
observed ICT usage indicators, so that they can be grouped into appropriate clusters.  

First step in cluster analysis is to determine the optimal number of clusters. The 
optimal number of clusters was determined using the following formula (Ahmed & 
Mahmood, 2015; Chiang & Mirkin, 2010): 
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𝐾 ൌ ටቀ
𝑛
2

ቁ ൌ  ඨ
31
2

ൌ 3.94 ൎ 4                                       ሺ13ሻ 

After selecting the optimal number of clusters, the cases were arranged in 
clusters using k-means algorithm. In the first step, clustering was performed on the 
basis of standardized raw data. Results of such a clustering overlap with the results 
of ICTEIequal, because the results of both methods were dependent only on the same 
set of statistical data i.e. no weights were used. As can be seen from Figure 1, the 
first cluster consists of Finland, Denmark, Norway, and Sweden. The second cluster 
consists of Ireland, Netherlands, Malta, Belgium and United Kingdom; the third 
cluster Czech Republic, Germany, Estonia, Spain, France, Croatia, Italy, Cyprus, 
Lithuania, Luxembourg, Austria, Portugal, Slovenia, Serbia, Bosnia and 
Herzegovina. The remaining fourth cluster includes Bulgaria, Greece, Latvia, 
Hungary, Poland, Romania, and Slovakia.  

Based on the distance from k centroids between each cluster, it can be concluded 
that the largest differences exist between the first and the fourth clusters, then the 
second and the fourth clusters, while the smallest differences exist between the third 
and the fourth clusters.  
 

Figure 1 K-means clustering - ICTEIequal 

 

 

  Source: Authors. 

An adjustment of cluster analysis results (presented in Figure 1) needs to be made 
in accordance with the results of the TOPSIS approach based on the entropy method, 
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i.e. ICTEIadvanced. When the advanced ICTs are labelled as a priority, Slovenia and 
Spain move from the third to the second cluster, while Malta and Belgium move 
from the second to the third one. Czech Republic, Germany, and Bosnia and 
Herzegovina move from the third to the fourth cluster, while Slovakia, Latvia, and 
Greece move from the fourth to the third cluster. 

Figure 2 Adjusted results of k-means clustering according to ICTEIadvanced 

 

Source: Authors. 

4. Conclusion 

The main objective of the paper was to evaluate ICT usage in enterprises in European 
countries. For this purpose, ICTEI was developed using the TOPSIS multicriteria 
analysis method. According to the values of this index, Finland, Denmark, Norway, 
Sweden, and Ireland are the top 5 countries where advanced ICTs are viewed as 
priorities, while the Czech Republic, Bulgaria, Hungary, Germany, and Romania 
occupy the worst positions, respectively. An adjustment of cluster analysis results 
(presented in Figure 1) needs to be made in accordance with the results of the 
TOPSIS approach based on the entropy method. That means that if the advanced 
ICTs are labelled as a priority, Slovenia and Spain move from the third to the second 
cluster, while Malta and Belgium move from the second to the third one, the Czech 
Republic, Germany, and Bosnia and Herzegovina move from the third to the fourth 
cluster, while Slovakia, Latvia, and Greece move from the fourth to the third cluster. 
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The policy makers of the countries from the third and the fourth clusters (according 
to the results of adjusted cluster analysis) need to stimulate the business sector to use 
ICTs more intensively in order to strengthen their competitive position and economic 
prosperity of a country as a whole. Special focus in these countries should be on 
promoting intensive usage of e-commerce and e-business. However, Germany has 
been unexpectedly found in the cluster of countries with modest ICT use in 
enterprises, as one of the strongest economies from all the analysed countries, based 
on ICETIadvanced, and in the cluster of countries with a moderate ICT use in companies 
based on ICTEIequal. Such results are in accordance with the research conducted by 
Becker et al. (2018). Namely, Becker et al. (2018) came to the conclusion by using 
the application of the Analytic Network Process (ANP) method and subjective 
approach in weights determination that Germany is positioned lower than Slovenia, 
Austria, Slovakia and the Czech Republic when all ICT are treated equally. When 
focusing on advanced ICT (e-commerce and e-business) Germany ranked lower than 
Slovenia, Austria, Slovakia and the Czech Republic (Becker et al., 2018). Other 
economically developed countries such as France, Italy and Austria are in a similar 
position as Germany and therefore such results require in-depth analysis aimed at 
the overview of real differences which the application of the mentioned ICT makes, 
especially advanced ones, on a development level between countries, that is whether 
and to which extent the use of ICT in question generates economic growth in 
countries at different levels of development. 

The main contribution of the research can be divided in two segments. First, a 
new methodological approach to evaluating ICT usage in enterprises is developed. 
The use of ICT usage in enterprises index (ICTEI) will be helpful to policy makers 
in assessing the ICT capacity of the business sector, especially when the focus is on 
the advanced ICT. The second part of the research deals with clustering of countries 
based on previously performed evaluation using entropy based TOPSIS approach. 
Results of the adjusted cluster analysis allow changes of the cluster members to be 
observed when advanced ICTs are prioritized. In general, the output of this research 
will facilitate the perception of the country's position in relation to others, but will 
also signal the need to take measures to strengthen the ICT capacity of the business 
sector in the countries with low ICTEI value. 

In the future research, it would be useful to include other countries from the 
Europe in accordance with the availability of data. Also, a basket of indicators used 
for creating ICTEI could be extended by including additional indicators related to 
the number of enterprises that analyze big data (this indicator is available for 2018, 
but not for all countries from the sample) and purchasing online (this indicator is 
available for 2017), depending on the availability of this data in the following period.   
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OCENA PRIMENE INFORMACIONIH I KOMUNIKACIONIH 
TEHNOLOGIJA U EVROPI KORIŠĆENJEM TOPSIS METODE 

Apstrakt Osnovni cilj rada je da oceni primenu informacionih i komunikacionih 
tehnologija (IKT-a) u preduzećima u trideset i jednoj zemlji Evrope. Iz tog razloga 
je razvijen IKT indeks upotrebom TOPSIS metode i metode entropije. Potom su, 
upotrebom klaster analize, zemlje razvrstane u klastere prema indikatorima 
upotrebe IKT-a. Rezultati pokazuju da Finska, Danska, Norveška, Švedska i 
Irska predstavljaju top 5 zemalja kada su napredne internet tehnologije 
prioritizovane. Na osnovu klasterizacije metodom k-srednjih vrednosti, Finska je 
lider u klasteru izuzetno visoke primene IKT-a u preduzećima, a za njom slede 
Danska, Norveška i Švedska. Klaster sa visokom primenom IKT-a u preduzećima 
uključuje Irsku, Holandiju, Sloveniju, Španiju, Ujedinjeno Kraljevstvo. Konačno, 
zemlje koje karateriše umerena i skromna primena IKT-a razvrstane u preostala 
dva klastera. Rezultati ovog istraživanja će olakšati percepciju pozicije neke 
zemlje u odnosu na druge, ali će, takođe, ukazati na potrebu da se preduzmu 
izvesne mere kako bi se ojačao kapacitet IKT-a u biznis sektoru, u zemljama sa 
niskom vrednošću IKT indeksa. 

Ključne reči: IKT, primena IKT indeksa u preduzećima (ICTEI), TOPSIS, 
metoda entropije, višekriterijumsko odlučivanje, klaster analiza. 
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