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ABSTRACT

Information and Communication Technologies (ICT) are the keys to the competitiveness of both states and
businesses. The rapid advancements and developments in technology and communication have led to the
emergence of information and communication technologies. The policymaking authorities are making the
proper arrangements for the maintenance and growth of the infrastructure for information and communication
technologies. In this view, the study and assessment of the ICT levels of different countries become a
fundamental issue. Therefore, this project is an in-depth study of the Visegrad countries ICT performance,
which was analyzed using the selected list of criteria which included; ICT employment, ICT investment, ICT
value-added, ICT goods exports, internet access, and home computer access. In this research, the MPSI and
LOPCOW methods were applied to determine the weights of the criteria, which were then combined with an
aggregation operator to derive the final criteria weights. Soon afterward, the countries' ICT levels were ranked
by means of the BSS method. The study proposes an integrated MPSI-LOPCOW-BSS decision support system.
As a result of the application, the criterion with the highest weight was found to be "ICT Investment." The
country rankings are Czechia, Hungary, Poland, and Slovakia.

OZET

Bilgi ve Iletisim Teknolojileri (ICT), hem devletlerin hem de isletmelerin rekabetciligi icin anahtar
konumundadir. Teknoloji ve iletisimdeki hizli gelismeler, bilgi ve iletisim teknolojilerinin ortaya ¢tkmasina yol
agnugtir. Politika yapici otoriteler, bilgi ve iletisim teknolojileri altyapisinin siirdiiriilebilirligi ve biiytimesi i¢in
uygun diizenlemeleri yapmaktadwr. Bu baglamda, farkl iilkelerin ICT diizeylerinin incelenmesi ve
degerlendirilmesi temel bir konu haline gelmektedir. Bu nedenle, bu proje Visegrad iilkelerinin ICT
performansini derinlemesine incelemektedir. Analiz, ICT istihdami, ICT yatirimi, ICT katma degeri, ICT mal
ihracati, internet erigimi ve ev bilgisayari erigimi gibi belirlenen kriterler kullanilarak gerceklestirilmistir.
Arastirmada, kriterlerin agirliklarini belirlemek i¢cin MPSI ve LOPCOW yéntemleri uygulanmis ve ardindan
nihai kriter agrliklarini elde etmek icin bir toplama operatorii ile birlestirilmistir. Daha sonra, iilkelerin ICT
seviyeleri BSS yontemi ile siralanmugtir. Calisma, entegre bir MPSI-LOPCOW-BSS karar destek sistemi
onermektedir. Uygulama sonucunda en yiiksek agirhga sahip kriterin "ICT Yatirimi" oldugu bulunmustur. Ulke
swralamalar ise Cek Cumhuriyeti, Polonya, Macaristan ve Slovakya'dir.
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1. INTRODUCTION

The rise of globalization have made information and communication technologies (ICTs) pivotal and indeed have
become an essential complementary of the context of rapid technological and economic advancements. Nour
(2005) states that the most important way to catch up to the industrial economies in development in ICT. Hence,
the production and export of the ICT goods are significant competitive factors for countries (Batbayli, 2024),
while the countries that are faced with the problem of lacking technology necessarily spend a huge amount on the
importation of necessary goods (Heeks, 2010). The digital convergence process, initiated in the 1980s,
revolutionized the processing of text, audio, and images in digital formats. This, combined with the digitalization
of telecommunications, enabled the transmission of digital data and information. As a result, information
technology and communication technology have become increasingly intertwined, a phenomenon captured by the
term ICT. ICT encompasses the processes of processing, storing, transmitting, and presenting various forms of
information, including voice, data, text, and images, through hardware, software, networks, and media.

The globalization of markets has been accelerated by the widespread adoption of ICT (Lal, 2007). ICT plays a
crucial role in facilitating the collection, processing, storage, and transfer of information among organizations,
thereby enhancing access to international trade and fostering collaboration (Harris et al., 2015). This integration
allows countries to participate in global markets and the international workforce, driven by technological
advancements. Additionally, ICT offers significant advantages to businesses, particularly in terms of efficiency
and innovation (Perego et al., 2011). The integration of technology has led to the emergence of new business
opportunities and models, triggering transformations in traditional sectors and impacting economic dynamics.
Investments in information technologies can further promote sustainable and inclusive economic growth. In recent
years, the rapid global proliferation of ICT has had profound effects on both individuals and businesses. The
increased use of these technologies is particularly notable in the context of e-commerce and the adaptation of
government public operations to new technologies, both of which are critical factors influencing competition
(Chen et al., 2021). The initial phase of the digitalization process involved the integration of the Internet and
computers into daily life, followed by advancements in software systems and automation that facilitated the
development of innovative business models and the rapid dissemination of digital concepts (Klein, 2020).

Information and communication technology provides several key benefits (Demir, 2022): "(i) rapid and efficient
data processing capabilities; (ii) the transformation of information into valuable services, enhancing
convenience; (iii) human-centered applications in product and service development, thereby increasing
productivity; (iv) rapid identification of errors through analyses conducted in business environments; and (v)
rapid access to information, facilitating knowledge sharing". Evaluating ICT levels in countries is essential for
effective strategic policy formulation and planning, as understanding the current state of ICT levels sheds light on
policy development.

The primary aim of this study is to develop a hybrid decision support system for determining the Information and
Communication Technology (ICT) levels of Visegrad (V4) countries.

This decision support system incorporates multi-criteria decision-making (MCDM) methods that are relatively
new to the literature in terms of criteria weighting and ranking, as determining ICT levels is a typical decision-
making process. The sub-objectives of the study are as follows:

Case Study Application: To conduct a case study to determine the ICT levels of V4 countries. This study focuses
on the Visegrad countries: the Czechia, Hungary, Poland, and Slovakia. The reasons for selecting this sample
group include their geographical and cultural proximity, their significant role in EU economic cooperation and
integration, their advancements in the ICT sector in recent years, and the opportunity to analyze differences in
ICT levels due to historical reform processes and economic developments in the post-communist era.
Additionally, the similar structural characteristics among the Visegrad countries ensure the validity and reliability
of the rankings performed using multi-criteria decision-making methods.

Methodological Development in MCDM: To contribute to the methodological advancement of MCDM methods,
particularly by using two different criteria weighting methods together to determine a final criterion weight. The
study also proposes the development of the MPSI-LOPCOW-BSS hybrid method to assess the ICT levels of
countries. In this study, the MPSI and LOPCOW methods were chosen for criterion weighting. The MPSI method
is selected because it performs simple and effective calculations in the criterion weighting process. It is an
improved version of the PSI method, where a step was removed to enhance the accuracy of the final weight
coefficients. It aligns closely with other objective weighting methods and considers deviations among the
normalized values of the criteria during calculations. The LOPCOW method is preferred because it uses a
logarithmic function to calculate the standard deviation for each criterion, ensuring more meaningful and accurate
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percentage values. Its simple three-step structure makes it easier for practitioners to follow. The BSS method,
chosen for ranking, is relatively new and has been used in very few studies.

Criterion Weighting Approach: The study combines two different objective criterion weighting methods in the
decision model.

Final Criterion Weight Calculation: The study calculates final criterion weights by integrating the MPSI and
LOPCOW methods, offering a comprehensive criterion weighting approach. The main reason for combining both
methods is their suitability for sensitivity analysis.

ICT Levels Scoring: The study utilizes the BSS method to obtain and rank the ICT levels of countries.

Methodological Contribution: This study provides methodological contributions to the fields of information and
communication technologies and multi-criteria decision-making approaches, further developing decision support
systems in this area.

This study makes several significant contributions to the literature. First, it uses a multi-criteria decision-making
(MCDM) approach to evaluate ICT development. Second, it identifies the most important indicators for assessing
ICT development in social and economic contexts. Third, it develops an integrated MCDM framework using the
MPSI-LOPCOW-BSS methods. Unlike traditional qualitative assessments, this study uses real data obtained from
OECD datasets. The MPSI and LOPCOW methods are applied to determine the optimal weighting coefficients
of the indicators, followed by the calculation of the final criteria weights using an aggregation operator.
Subsequently, real data from the OECD dataset is analyzed using the BSS model to evaluate ICT development,
and countries are prioritized according to their performance based on the identified indicators. The contributions
of the proposed decision-making model are:

e An actual case study assessing ICT development through social and economic metrics.
e A dependable integrated MCDM framework utilizing the MPSI-LOPCOW-BSS methods.
e Benchmarking to evaluate ICT development in the Visegrad countries.

e Suggestions and strategies for enhancing ICT tools and services across different sectors based on the
study’s findings.

The proposed methodology and identified indicators can serve as benchmarking case studies for other groups of
countries. In summary, this study aims to achieve two main objectives: to evaluate the IT levels of the Visegrad
countries and to develop a decision support system using newly developed methods from the literature (MPSI-
LOPCOW-BSS) in an integrated framework. The results obtained by the two criteria weighting methods are
combined using a combination operator to increase reliability. In addition, sensitivity analysis is performed to
demonstrate the robustness of the proposed decision support system.

The remainder of this article is structured as follows: Section 1 (Introduction) presents the theoretical background
and literature review. Section 2 describes the MPSI-LOPCOW-BSS method and outlines the research
methodology. Section 3 applies performance analyses to the Visegrad countries. Section 4 discusses the research
findings, key insights, sensitivity analysis. Finally, Section 5 concludes the study with final evaluations.

2. LITERATURE REVIEW

The level of information technology has been addressed in the literature using various methods across different
fields. A literature review on Information and Communication Technology (ICT) reveals that the relationship
between ICT levels and economic growth is a frequently studied topic (Yaprakli & Saglam, 2010; Artan et al.,
2014; Albiman & Sulong, 2017; Ozkan & Celik, 2018; Fernandez-Portillo et al., 2020; Cheng et al., 2021).

Additionally, studies have been published addressing topics such as the relationship between ICT and
development (Jin & Cho, 2015), the effects of ICT on carbon emissions (Wang et al., 2024), the impact of ICT
use on PISA performance (Goh et al., 2024), and the relationship between ICT and financial development
(Samargandi et al., 2019; Cheng et al., 2021). These studies have employed methods such as panel data analysis,
ARDL, Granger causality analysis, regression analysis, and principal component analysis.

Some studies address ICT levels using multi-criteria decision-making methods (Setiawan et al., 2016;
Merkevicius & Yadav, 2019; Yakut, 2020; Ersoy, 2021; Torkayesh & Torkayesh, 2021; Ecemis & Coskun, 2022;
Demir, 2022; Keles, 2024; Ecer & Giines, 2024; Macit, 2024).
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In general, methods such as AHP, TOPSIS, MEREC, CRITIC, LBWA, MPSI and MARCOS have been used in
the studies. In addition to these studies, research utilizing fuzzy sets has been conducted. Bahnamiri et al. (2015)
employed fuzzy entropy and TOPSIS methods, Karabasevic et al. (2021) used fuzzy MULTIMOORA, and Nasri
et al. (2022) applied fuzzy AHP-VIKOR methods. Typically, criteria are weighted using a single method. Demir
(2022) applied PSI-LOPCOW methods, calculating the final weights through a Bayesian aggregation operator. In
the study by Ecer & Giines (2024), MEREC and CRITIC methods were used, and the final criterion weight was
determined using an aggregation operator proposed by Torkayesh et al. (2021). Both studies recommended the
use of "different methods" for future research. This study complies with this recommendation by using a different
aggregation operator. Additionally, a novel integrated decision support system is proposed, unlike those in
previous studies.

Although the MPSI method is relatively new, it is widely used in the literature. Gligori¢ et al. (2022) integrated
the MPSI method with the MARA method to help engineers in the mining sector select appropriate support
methods. In his study, Yilmaz (2023) used the MPSI-MARA methods in an integrated manner to determine the
financial performances of banks. Akbulut & Aydmn (2024) examined the multidimensional sustainability
performances of deposit banks using the MPSI, MSD, and RAWEC methods. In their study, Torres et al. (2024)
propose an integrated decision support system consisting of the MPSI-SPOTIS methods for the selection of
unmanned aerial vehicles. Ersoy et al. (2025) employed the MPSI-RAPS model to determine the progress of EU
countries in achieving the Sustainable Development Goals (SDGs). Wittig Vienna et al. (2025) proposed a hybrid
ranking methodology consisting of MPSI and CoCoSo methods to assess efforts toward renewable energy
transition among OECD member countries. Kara et al. (2025) utilized the MPSI-OPLO-POCOD method to
determine the ESG-based sustainability performance levels of 17 software companies listed in the S&P 500 index
for the years 2021, 2020, 2019, and 2018.

The LOPCOW method has been applied in various fields in the literature. Ulutas et al. (2023) used an integrated
MCDM model consisting of MEREC, LOPCOW, and MCRAT methods for the natural fiber selection problem
in building insulation materials. In their research, Oztas & Oztas (2024) apply the LOPCOW method in
conjunction with the MAIRCA method to evaluate the innovation performances of G20 countries. Diindar (2024)
examined the performance of 200 state and foundation universities operating in Turkey in terms of project
submission and execution capacities within the scope of the Research Support Programs Directorate (ARDEB)
using the LOPCOW-CRADIS methods. In their study, Dhruva et al. (2025) address the selection of the "Food
Waste Treatment Method" (FWTM). The study utilizes g-Rung Orthopair Fuzzy Set and proposes an MCDM
framework consisting of LP-LOPCOW-COPRAS methods. Altintas (2025) utilizes the most up-to-date data from
the Global Food Security Index (GFSI) for 2022 to evaluate the food security performances of G7 countries using
the Logarithmic Percentage Change-driven Objective Weighting (LOPCOW) based Double Normalization-Based
Multiple Aggregation (DNMA) Multi-Criteria Decision-Making (MCDM) method. Setiawansyah et al. (2025)
used the LOPCOW method in conjunction with the AROMAN method for the store selection problem.

The BSS method is a new approach. It has been utilized in two studies developed by Bulut (2024a). In Bulut's
(2024a) work, it was applied to measure the capacity of the Turkish Health System, while in Bulut (2024b), it was
used in another context. In his research, Bagci (2025) ranked various countries according to the importance levels
of digital finance indicators. This study employed the NMV-BSS methods.

In the existing literature, most studies on Information and Communication Technologies (ICT) have overlooked
the MPSI-LOPCOW-BSS methods, particularly in the context of the Visegrad countries. This gap is notable,
especially given the economic integration of these countries and their role in the EU digital agenda. Assessing
ICT levels using a novel integrated framework not only advances methodological approaches but also holds
significant policy relevance. Furthermore, the literature predominantly employs a single weighting method, which
emphasizes the need for studies that integrate various methods and multi-criteria decision-making processes. To
address this gap, the present research proposes an integrated decision support system utilizing the MPSI-
LOPCOW-BSS methods, focusing on the Visegrad countries as a case study. This approach is crucial for
evaluating the effects of different weighting methods and for assessing ICT performance specifically within this
region.

3. METHODOLOGY

In this section of the study, the steps of the proposed integrated MPSI-LOPCOW-BSS method will be outlined.
The criteria identified through a literature review related to the specified topic have been weighted separately
using the MPSI and LOPCOW methods. Subsequently, the final criterion weight was obtained using a
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combination operator found in the literature, and the problem was solved using the BSS method. The process
related to the solution is shown in Figure 1.

-Weighting Criteria Using

-A Set of Criteri MPSI

Start Weighting Criteria Using

-A Set of Alt ti B
Seto ernatives L OPCOW
|
\%
: Ranking ICT Performance
Aggregation Operator — Using BSS —> End

Figure 1. The Structural Foundation of Methodology
3.1. MPSI

The MPSI (Modified Preference Selection Index) method focuses on the fluctuations in preference values of
criteria, reflecting the differences between normalized values and the average Euclidean distance (Macit, 2024).
This method offers a simple and efficient way to determine the objective weights of criteria. Additionally, the
computation of weight coefficients using this newly developed technique is not overly complex, which enhances
the MPSI's potential as a widely applicable problem-solving tool. This approach builds upon the PSI method,
resulting in an improved version known as the MPSI. The MPSI modifies PSI by removing a single step, thereby
increasing the accuracy of weight coefficients. This slight change enhances the accuracy of the final weight
coefficient values, aligning them more closely with those generated by other objective weighting methods
(Gligori¢ et al., 2022). The new approach has the following steps (Gligori¢ et al., 2022; Kara et al., 2025).

Step 1.1. Decision matrix: To calculate the criteria weighing, the initial decision matrix must first be constructed.
In the initial decision matrix, the values for each alternative are determined based on the criteria.

Step 1.2. Creating the normalized decision matrix:

xi]'

T = i=12,...,m forbenefit-oriented criteria (D
maxxij
minx;j . . o .
Tij = x—” i =1,2,...,m for cost-oriented criteria ()
ij

Step 1.3. Calculate the mean value vy of the normalized evaluations of criterion j and it is calculated with the
following equation:

1
vy = — i1 T 3)

Step 1.4. Calculate the preference variation value pyas follows:

1
P = —

— X1 (ij;)’ 4
Step 1.5. The criteria weights wyare determined using the following equation:
wy =2 5

3.2. LOPCOW

The LOPCOW method is a criterion weighting approach developed by Ecer and Pamucar in 2022. As an objective
method, it establishes criterion weights independently of decision-makers' opinions. A key aspect of this method
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is its consideration of negative performance values among alternatives, which aids in accurately determining
criterion weights and facilitates the effective analysis of numerous criteria and alternatives (Biswas et al., 2022).
The LOPCOW method employs a logarithmic function to calculate the standard deviation for each criterion based
on the number of alternatives, resulting in percentage values that more accurately reflect the differences between
more and less significant criteria.

The method consists of three steps. First, an internal decision matrix is created, consisting of m alternatives and n
criteria, to identify and solve the decision problem.

Step 2.1. Creating the normalized decision matrix:

min
Xij—X; . . .
rij = W for benefit-oriented criteria (6)
] J
max
X —Aij . . .
T = W for cost-oriented criteria (7)
] J

Step 2.2. Creating the PV matrix of percentage values for each criterion

=1 Tizj/ m
PVij = |ln — 100 )
Step 2.3. Calculating objective weights (W)
__Pvy
Y= S ey ©)

3.3. BSS (Bulut Scoring Systems)

The studies published by Bulut (2024) have contributed to the literature and introduced a ranking method that is
used in various fields.

Step 3.1. Building the decision matrix: As with other MCDM methods, the decision matrix is first created. The
columns of the decision matrix represent the decision criteria, while the rows represent the decision alternatives.

Step 3.2. Calculation of unstandardized raw scores: This step involves first determining the weights of the
decision criteria using any method. The BSS uses the determined weights of the decision criteria as input. Here,
w; Denotes the weights of the decision criteria. Initially, Equation (10) calculates the unstandardized raw value
matrix (V) from the decision matrix. Equation (10) is applied to each row in the decision matrix to produce a new
matrix of size a*c similar to the decision matrix. This matrix is called the V matrix. Equation (11) then calculates
the unstandardized raw scores (R) of each alternative from the V matrix.

V=01*Wl*x1+ 02*W2*x2+ 03*W3*x3+...+0j*Wj*Xj (10)
v
R =Ewhere c>1 and a>1 (11)

Step 3.3. Calculation of band value: After calculating the non-standardized raw scores (R) of the alternatives,
the maximum and minimum scores within the raw scores are determined, and their absolute values are taken and
summed. This process ensures that the non-standardized raw scores are 0 and above. This process is given in the
equation below. At this stage, the direction of the criteria is determined according to the benefit and cost criteria
of the decision criteria, in other words, according to the optimality criteria of the decision criteria. If the decision
criterion requires cost, the direction of the decision criterion is determined as minimum, and if it requires a benefit
criterion, it is determined as maximum.

M = |R"| + [R}™™| (12)
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Step 3.4. Calculation of BSS scores: The BPS scores of the decision alternatives are calculated using equation
(13). The reason for using the natural logarithm (In) in the equation is to standardize the scores obtained. Since
In(0) = "undefined", +1 is added to the equation. Thus, the scores obtained are evaluated at 0 and above.

BSS=In(R+ M + 1) (13)

3.4. Aggregation Operator

It is not unexpected that the weights obtained using different MCDM methods vary from one another. Therefore,
a weight aggregation operator can be used to derive an optimal weight from these different weights. In this study,
the aggregation operator provided in Equation (14) is utilized (Ecer & Giines, 2024; Torkayesh et al., 2021).

Wrivar =L Wypst + (1 = ). wiopcow (14)

In Equation (14), I is the aggregation coefficient, and it is recommended to use I' = 0.5 (Ecer & Giines, 2024).

4. PROBLEM DEFINITION and CASE STUDY

This section presents the proposed integrated MCDM approach for evaluating the ICT development performance
of the Visegrad countries, considering economic and social development pillars. First, nine main criteria obtained
through a literature review are explained. To obtain realistic and applicable results, real data from OECD datasets
for these countries are used. Subsequently, the MPSI, LOPCOW, and BSS methods are used to calculate the
relative importance of the indicators and the performance of the countries.

4.1. ldentification of Indicators

Various criteria are used in the literature to measure the level of ICT. In the studies of (Ecer & Giines, 2024,
Torkayesh & Torkayesh, 2021), 6 main criteria were used to determine the level of ICT. Unlike these studies, the
number of criteria has been increased to 9. All criteria are benefit-oriented. Data on these criteria were obtained
from the OECD data bank. The shared data varies between 2017-2024. Therefore, the most recently shared data
was taken into account. The variables considered as criteria in the decision model are defined as follows:

ICT Value Added (C4): 1CT value added refers to the difference between the gross output of the ICT sector and
its intermediate consumption, expressed as a percentage of gross value added.

ICT Employment (C5): ICT employment is defined as the number of individuals working within the ICT sector,
represented as a percentage of total employment in the sector.

ICT Investment (C3): ICT investment encompasses the purchase of equipment and software that have been
utilized in production for over a year.

ICT Goods (C4): Exports of ICT goods are categorized according to the World Customs Organization Harmonised
System (HS), which identifies various ICT products, including ICT goods.

Home Computer Access (Cs): This metric represents the number of households that possess at least one computer.

Internet Access in households (Cg): This percentage indicates the proportion of households that report having
internet access, defined as those stating they have connectivity to the internet.

Mobile Broadband - per 100 inhabitants (C): Refers to the number of mobile broadband subscriptions per 100
inhabitants. This indicates the access rate to mobile internet services.

Fixed Broadband — per 100 inhabitants (Cg): Indicates the number of fixed broadband subscriptions per 100
inhabitants. This measures the prevalence of fixed-line internet services.

Mobile Data Usage — gigabits per subscription per month (Cq): Represents the monthly mobile data usage per
subscription in gigabits. This shows the amount of mobile data consumption.

4.2. Information about the Visegrad Countries

The Visegrad Group, often referred to as the Visegrad Four or V4, is a cultural and political alliance comprising
four Central European nations: Czechia, Hungary, Poland, and Slovakia. This coalition seeks to enhance
collaboration in areas such as military, economic, cultural, and energy matters. Additionally, all four countries are
members of the European Union, the North Atlantic Treaty Organization, and the Three Seas Initiative.
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The group takes its name "Visegrad" from the city of the same name in Hungary (Visegrad). Although the group’s
history dates back a long time, it stands out as one of the oldest economic and political collaborations. It was first
convened in 1335 in the town of Visegrad, hosted by Hungarian King Charles 1. The other participants of the
meeting, known as the "Visegrad Congress," were King John of Bohemia and King Casimir III of Poland. The
meeting was held to resolve interstate issues, ensure security, cooperate, and improve friendship (Visegrad).
Thanks to this meeting, on which the foundations of today's Visegrad Group are based, they have generally
followed a coordinated policy to this day (Yesiltas & Erdem, 2021).

Table 1. Profile of Visegrad Countries

Country GDP (current USS) GDP per capita Population
Czechia 343.21 31,591.2 10.864.042
Hungary 212.39 22,141.9 9.592.186
Poland 809.2 22,056.7 36.687.353
Slovakia 132.91 24,491.38 5.426.740

Source: World Bank, 2023.

As shown in Table 1, Czechia stands out in terms of economic welfare with the highest GDP per capita. Slovakia
also has a high GDP per capita, but its total economic size is lower. Poland leads in total GDP, yet its GDP per
capita lags behind that of the other countries. Hungary has a similar GDP per capita to Poland but has a lower
total GDP, indicating a balance that highlights important considerations for economic development.

5. RESULTS

The dataset used in the study is shown in Table 2. All the criteria in the study are benefit-oriented criteria. In Table
2, the alternatives are listed in the rows, while the criteria are presented in the columns.

Table 2. Dataset

C1 C, C3 C, Cs Ce C, Cg Co
Country Code Max Max Max Max Max Max Max Max Max
Czechia-Al 4,9 3,7 4,32 16,1 82,18 94,56 107,22 38,19 9,89
Hungary-A2 55 4 1,73 10,3 79,67 94,78 88,36 37,05 13,89
Poland-A3 4 3,2 0,8 6,5 81,78 95,89 135,55 25,17 14,94
Slovakia-A4 4,5 3,7 1,4 10,5 81,80 90,54 94,41 33,10 11,89

Source: OECD, Eurostat, World Bank.

5.1. MPSI Results

Equations 1 and 2 have been used to normalize the decision matrix presented in Table 2. The normalized decision
matrix is shown in Table 3.

Table 3. The Normalized Initial Decision-Making Matrix

Country Code Cy C, C3 Cy Cs Ce C, Cg Cy
Al 0,8909 0,925 1 1 1 0,986 0,791 1 0,6619
A2 1 1 0,4004  0,6397 0,9694 09884 0,6518 09701 0,9297
A3 0,7272 0,8 0,1851 0,40372 0,9951 1 1 0,6590 1
A4 0,8181 0,925  0,3240 0,6521 0,9953 09442 0,6964 0,8667 0,7958

Values of vj, pj, and w; have been calculated using Equations 3, 4, and 5. These values are shown in Table 4.

Table 4. The v}, p;, and w;values

Cq C, Cs C, Cs Ce C, Cg Co
vj 0,8590  0,9125 0,4774  0,6739 0,9899 09796  0,7848 0,8739  0,8468
pj 0,0399  0,0206  0,3879  0,1809 0,0005 0,0017 0,0718 0,0713  0,0671
w;j 0,0474  0,0244 04606  0,2149 0,0006  0,0021 0,0852 0,0847  0,0796

Ranking 7 6 1 2 9 8 3 4 5
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5.2. LOPCOW Results

The decision matrix provided in Table 1 has been used. Since all criteria are maximized, the decision matrix has
been normalized using Equation 2. This is shown in Table 5.

Table 5. Normalized Decision Matrix

Country Code Cq C, C; Cy Cs Ce C, Cg Cy
Al 0,6 0,6250 1 1 1 0,7514  0,3996 1 0
A2 1 1 0,2642  0,3958 0 0,7925 0 0,9124  0,7920
A3 0 0 0 0 0,8406 1 1 0 1
A4 0,3333  0,6250 0,1704 0,4166 0,8486 0 0,1282  0,6090 0,3960

Subsequently, the percentage values and the weight values of the criteria have been calculated using Equations 4
and 5. These are shown in Table 6.

Table 6. PV;;, w; Values
Cq C, C3 C, Cs Ce C, Cg Cy
PV;; 42,14 51,70 27,55 37,11 67,1 62,09 30,95 62,34 51,79
w; 0,0973 0,1194 0,0636 0,0857 0,1551 0,1434 0,0715 0,1440 0,1196

5.3. Aggregation Operator
The calculation made using Equation 14 has resulted in the final W value shown in Table 7.

Table 7. W, Values
Cq C, C; Cy Cs Ce (W Cg Co
Wyps;  0,0474  0,0244  0,4606 02149  0,0006  0,0021  0,0852  0,0847  0,0796
Wiooscow 0,0973  0,1194  0,0636  0,0857  0,1551  0,1434  0,0715  0,1440  0,1196
Wiast 0,0723  0,0719  0,2621  0,1503  0,0779  0,0727 0,0783  0,1143  0,0996

As shown in the table, the criterion with the highest final weight is C3 (ICT Investment). Figure 3 displays the
results related to MPSL, LOPCOW, and the final weights.
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Figure 2. Criterion Weights
5.4. BSS Results

The decision matrix used in the study is shown in Table 1. Additionally, the criterion weights used in the BSS
calculations are provided in Table 7. The decision matrix has been normalized using Equation 10.

Table 8. Standardized Decision Matrix

Country Code Cq C, C3 Cy Cs Ce C, Cg Cy
Al 0,3547 0,2663 11,1325 2,4202 6,4042 6,883  8,4058 4,3684 0,9857
A2 0,3981 0,2879 0,4535 1,5483 6,2086 6,899  6,9272 4,238 1,3843
A3 0,2895  0,2303 0,2097 09771 6,373  6,9798 10,6268 2,8791 1,489
A4 0,3257 0,2663 0,367 1,5784 6,3746 6,5904 74016 3,7862 1,185
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The R value has been calculated using Equation 11, the M value using Equation 12, and the BSS value using
Equation 13, as shown in Table 9.

Table 9. BSS Scores

Alternatives R BSS M Rank
Al 0,8672 1,2553 1,6416 1
A2 0,7874 1,2322 1,6416 3
A3 0,8348 1,246 1,6416 2
A4 0,7743 1,2284 1,6416 4

The alternatives are ranked according to the Bulut Scoring System (BSS) values. BSS values represent the
performance of alternatives, where a higher BSS value indicates better performance.

4.5. Sensitivity Analysis

In this study, the aggregation coefficient value was taken as I' = 0.5, and the results of the research were obtained.
To test the robustness of the model, this coefficient was considered as different values between 0.1 and 0.9, and
the rankings were determined.
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Figure 3. Alternative Rankings for Different Merging Coefficient Values
According to Figure 3, the positions of all alternatives are the same across all scenarios. These results demonstrate
the robustness of the model.

4.6. Comparative Analysis

The proposed decision support system is compared using different ranking methods. The problem was solved
using the criterion weights obtained from the MPSI-LOPCOW methods along with the EDAS, OCRA, WASPAS,
and GRA methods. The results regarding these methods are presented in Table 10.

Table 10. Comparative Analysis

Alternatives BSS EDAS OCRA GRA WASPAS
Al 1 1 1 1 1
A2 3 2 3 2 3
A3 2 4 2 4 2
A4 4 3 4 3 4

The obtained results were compared statistically using the Spearman Rank Correlation Coefficient test. The results
of the analysis are presented in Table 11.
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Table 11. Results of the Spearman Rank Correlation Coefficient Test

Correlations
BSS EDAS OCRA GRA WASPAS
Correlation Coefficient 1,000 400 1,000™ ,400 1,000™
BSS Sig. (2-tailed) . 600 . 600 .
N 4 4 4 4 4
Correlation Coefficient ,400 1,000 ,400 1,000™ ,400
EDAS Sig. (2-tailed) 600 . 600 . 600
1 N 4 4 4 4 4
2 Correlation Coefficient 1,000 ,400 1,000 ,400 1,000™
E  OCRa Sig. (2-tailed) . 600 . 600 .
@ N 4 4 4 4 4
% Correlation Coefficient ,400 1,000™ 400 1,000 ,400
GRA Sig. (2-tailed) 600 . 600 . 600
N 4 4 4 4 4
Correlation Coefficient 1,000 400 1,000™ ,400 1,000
WASPAS Sig. (2-tailed) . 600 : 600 .
N 4 4 4 4 4

Note: ** Correlation is significant at the 0.01 level (2-tailed).

There are perfect positive correlations between the rankings of BSS and OCRA, BSS and WASPAS, EDAS and
GRA, as well as OCRA and WASPAS; this indicates that the rankings among these methods are identical. Some
pairs, such as BSS with EDAS and GRA, and EDAS with OCRA and WASPAS, show moderate correlations, but
these are not statistically significant.

6. CONCLUSION

The levels of information and communication technologies are highly important for international competition. As
seen in the literature, there is a positive relationship between the levels of information and communication
technologies and economic growth, development, etc.

Determining the information and communication technology levels of the Visegrad countries is important in terms
of revealing the situation of the countries. In this study, the Visegrad countries were evaluated with various criteria
using OECD data. For this purpose, a model was developed by integrating MPSI-LOPCOW-BSS methods, which
are among the MCDM methods. In the model, two different objective criteria weighting methods were used. The
results obtained from these two methods were used to obtain the final criteria weights with the help of a merging
operator. Afterward, the final criteria weights found were used in the BSS method to reach the ICT development
performances of the V4 countries.

In the weighting conducted using the MPSI method, the C3-ICT Investment criterion was found to have the highest
weight. In the LOPCOW method, the C5-Home Computer Access criterion holds the highest weight. After using
the aggregation operator, the highest weight among the criteria was again assigned to the C3-ICT Investment
criterion. Subsequently, the C,-ICT Goods and Cg-Fixed Broadband criteria were identified as having high
weights. The criterion with the lowest weight was C,-ICT Employment. In the literature, different results have
been found. Ecer & Giines (2024) identified the export of ICT products as the criterion with the highest weight in
their study. In the study by Torkayesh & Torkayesh (2021), ICT employment was also identified as the criterion
with the highest weight. This discrepancy arises from both differences in sample selection and the varying number
of total criteria used. In the ranking conducted using the BSS method, the country with the highest ICT level was
Czechia. It was followed by Poland, Hungary, and Slovakia. To strengthen the implications of these findings, it is
essential to delve deeper into the political and strategic effects of the results. The high weighting of the C3-ICT
Investment criterion suggests that investment in ICT infrastructure is crucial for enhancing the competitive
standing of the Visegrad countries in the global market. Policymakers should focus on allocating resources to ICT
investments as a means to stimulate economic growth and improve overall development. Furthermore, the
significant weight assigned to the Cs-Home Computer Access criterion indicates the importance of digital
inclusion in fostering a technologically adept society. Strategies aimed at increasing access to home computing
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can facilitate skill development and enhance productivity, ultimately contributing to economic advancement.
Given the findings, it is recommended that V4 countries adopt coordinated policies that prioritize ICT investments
and promote accessibility to technology. Collaborative initiatives, such as public-private partnerships, can be
effective in maximizing the impact of ICT on economic growth.

Based on the findings, countries, especially Slovakia, which ranks lowest among the Visegrad countries, need to
focus on various criteria in accordance with the Digital Agenda for Europe 2030 policies:

e Visegrad countries should increase their investments in ICT infrastructure. This will help enhance their
global competitiveness. Specifically, the high weight of the C3-ICT Investment criterion indicates how
critical investments in this area are.

e Based on the importance of criteria such as home computer access (Cs) and internet access (Cg), strategies
should be developed to enhance digital inclusion. Governments should create programs to ensure access
to digital tools for disadvantaged groups.

e Educational programs and workshops should be organized to improve digital literacy. This will enhance
individual competencies and contribute to the growth of the digital economy.

e Policies should be developed to promote public-private partnerships that accelerate ICT investments.
Such partnerships can ensure the effective use of resources.

e To enhance competitiveness in Europe's digital market, the standardization of data and digital services is
necessary. This will facilitate cross-border data flow and make business operations more efficient.

These recommendations will help Visegrad countries develop important policies to support their digital
transformation processes and align with the EU's digital goals for 2030.

The contribution of the study to the literature has been twofold. First, the results were presented consistently with
the integrated model proposed in the study. Secondly, the concrete situations of the countries were determined by
revealing the ICT development performances of the Visegrad countries.

Limitation:

e The research is limited to Visegrad countries only.
e The research uses only quantitative data; subjective methods or fuzzy set-based methods can be used.

There are various implications for future studies. The first is the use of different MCDM methods. The second is
to reveal the effects on the results by using different merging operators, and the third is to determine the levels of
different country groups.
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