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Abstract: 

 

Purpose: The main goal of this article is to compare the quality evaluations of internet 

banking services of Poland’s most popular banks among young users and to assess how 

selected MCDA (Multi-Criteria Decision Analysis) methods affect the objectivity of those 

evaluations. 

Design/Methodology/Approach: The study was conducted in Q1 2025 using a CAWI survey 

completed by 86 randomly selected participants from the academic community in Poland. 

The final questionnaire was developed based on prior research and refined after a pilot 

study. Fifteen e-banking services were evaluated using several methods: simple point scoring 

(with and without preferences), PROMETHEE I & II, and ELECTRE I & III. The evaluation 

was based on 18 criteria grouped into economic, technical, and crisis-resilience factors. 

Rankings were generated for each method and compared. 

Findings: The observations showed that the use of hybrid methods for analysing research 

results can enhance the objectivity of the conclusions drawn. According to the respondents, 

the two most important criteria for evaluating alternatives are security features and the 

monthly cost of maintaining an account (in PLN). 

Practical Implications: The conducted analyses may be useful for professionals managing 

customer communication channels as well as for those responsible for designing electronic 

banking platforms. 

Originality/Value: Contribution of the analyses presented include demonstrating the 

rationale for using hybrid analysis of test results in evaluating the quality of electronic 

banking services. In addition, the formulation of general conditions for conducting a proper 

evaluation of a multi-criteria problem. 
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1. Introduction 

 

The primary objective of this article is to analyze the quality of electronic banking 

services offered by the most popular banks among the surveyed group in the fourth 

quarter of 2023, and to examine the impact of selected MCDA methods on the 

resulting rankings. Evaluating electronic banking platforms is undoubtedly a 

complex issue. This complexity arises from the wide range of criteria and their 

categorization, all of which must be considered during the evaluation process.  

 

Additional challenges include assessing the importance of individual criteria and 

their substitutability. The choice of the appropriate evaluation method further 

complicates the task. While simple scoring methods are widely used in research, 

they may fail to capture the full picture. For problems of this level of complexity, the 

use of Multi-Criteria Decision Analysis (MCDA) methods is more appropriate, as 

they are designed to address such multifaceted evaluation challenges.  

 

However, current discussions surrounding MCDA methods do not point to a single 

best approach (Kizielewicz et al., 2020; Greco, 1997; Voogd, 1982). Instead, they 

emphasize the importance of aligning a specific method with a particular industry or 

phenomenon (Tsotsolas and Alexopoulos, 2018). It is also incorrect to assume that 

more complex methods - those involving sophisticated calculations or additional 

parameters - necessarily yield better results than simpler ones, as demonstrated in 

one of the authors' previous publications (Chmielarz and Zborowski, 2018a). 

Therefore, greater attention must be paid to the selection of appropriate methods for 

evaluating the quality of electronic banking services. 

 

2. Literature Review 

 

The literature indicates that the evaluation of electronic banking service quality - 

particularly online banking - has become a significant area of research due to 

evolving customer expectations. Long-established evaluation models for web-based 

services, such as e-SERVQUAL (Hanifah Moksin et al., 2024) and eQual (Marković 

et al., 2020), introduced initial sets of assessment criteria, including information 

quality, system reliability, security, usability, and responsiveness.  

 

However, these frameworks no longer fully align with modern approaches to 

analyzing this subject. To address the complexity of the issue, contemporary studies 

increasingly incorporate elements such as the importance of evaluation criteria, 

feature preferences, and veto thresholds. This has led to the adoption of Multi-

Criteria Decision Analysis (MCDA) methods, which offer structured and in-depth 

analyses of the obtained data. A broad review of the literature reveals the use of 

various MCDA methods to evaluate different types of electronic banking platforms.  

 

The most commonly applied include: AHP (Weng et al., 2025; Dhillon, 2023; 

Zborowski, 2025) (in many variants), as well as TOPSIS (Chmielarz and Zborowski, 
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2018b; Jency Leona Edward and Palanivel Kaliyaperumal, 2024; Houcine Belouaar 

et al., 2022; Shaverdi et al., 2011; Sałabun, 2015), ELECTRE (Kaya and Kahraman, 

2011), COPRAS-G (Chatterjee and Kar, 2018; Yazdani et al., 2017), ARAS 

(Chohan et al., 2022; Turskis et al., 2012), PROMETHEE (Chmielarz and 

Zborowski, 2019; Sharmistha Roy, 2018; Martel and Matarazzo, 2005), WASPAS 

(Parnanow, 2024), COMET (Karczmarczyk et al., 2019), VIKOR (Papathanasiou 

and Ploskas, 2018; Kumar and Samuel, 2017), PROSA-C (Chmielarz and 

Zborowski, 2024), and fuzzy logic-based approaches (Kaya and Kahraman, 2011). 

 

Several studies have employed the classic or fuzzy AHP method to gather and 

process data. A distinctive feature of AHP is the pairwise comparison of attributes, 

which helps identify the most critical criteria (Hussien and Aziz, 2014; 

Pourmohammad et al., 2016; Hosseini and Keshavarz, 2017; Durucu et al., 2019).  

 

For instance, Ecer (2014) combined AHP with COPRAS-G to analyze seventeen 

Turkish bank websites, using survey data collected from a large customer sample. 

He applied consistency checks to weigh and rank the e-SERVQUAL dimensions. 

Kaya and Kahraman (2011) developed a three-stage fuzzy MCDA model - fuzzy 

AHP, fuzzy ELECTRE, and fuzzy dominance - to evaluate Turkish electronic 

banking platforms, integrating SERVQUAL-based elements into their quality 

assessment.  

 

Other studies build on this hybrid approach by implementing various combinations 

of methods and research techniques. Additionally, some works employ network-

based models such as ANP and DEMATEL to explore interdependencies among 

quality criteria (Gilaninia et al., 2022). 

 

Studies applying MCDA methods to internet banking often rely on straightforward 

techniques for collecting evaluations of the considered alternatives. At the same 

time, various measures are examined to support the validation of the importance of 

the included criteria. The primary alternatives under evaluation are internet banking 

platforms, and ranking and sensitivity analyses are used to reveal the relative 

strengths of different service components offered by these platforms.  

 

While most research focuses on online banking platforms, parallel studies apply 

similar models to mobile banking applications, introducing additional factors related 

to mobile technology adoption (Zhuo and Li, 2010; Roy and Shaw, 2021; Ecer, 

2017).  

 

Collectively, these studies highlight both methodological evolution and empirical 

rigor in the application of MCDA methods to the evaluation of electronic banking 

service quality. They demonstrate that structured multi-criteria approaches provide a 

transparent and repeatable way to assess, prioritize, and improve the service quality 

dimensions most important to digital banking consumers. 
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3. Research Methodology 

 

Years of research on banking websites and mobile applications have led to the 

adoption of the following well-established and repeatedly validated research 

procedure: 

 

➢ conducting a bibliographic analysis of the latest advancements in the 

evaluation of websites, with particular focus on banking websites and 

mobile applications, 

➢ developing a pilot version of the questionnaire to verify the clarity and 

comprehensibility of the questions, 

➢ refining and improving the prototype survey based on feedback from the 

pilot, then creating the final version of the questionnaire and establishing a 

clear attribute rating scale for data collection, 

➢ randomly selecting respondent groups and inviting them to complete the 

survey using the CAWI method (Computer-Assisted Web Interview), 

➢ collecting completed questionnaires, extracting the data, and conducting a 

preliminary verification of the responses, 

➢ selecting a method for evaluating banking websites in order to compare their 

quality using a custom conversion approach, 

➢ performing a comparative analysis and discussing the results and their 

statistical implications, 

➢ drawing conclusions and offering recommendations for future evaluation of 

banking websites and mobile banking applications. 

 

Two of the most popular methods from the MCDA group, PROMETHEE (I and II) 

and ELECTRE (I and III), were considered for comparison. These methods, in their 

higher versions, use additional parameters such as: preference index, indifference 

index or veto threshold, the use of which is expected to increase the objectivity of 

the obtained data conversion results. Therefore, only the characteristics of the 

PROMETHEE II and ELECTRE III methods are cited below. 

 

The PROMETHE II (Qiao et al., 2020; Ostovare and Shahraki, 2019; Andreopoulou 

et al., 2018; Kuang et al., 2015) method enables obtaining the full ranking of 

alternatives. In the case of the earlier version of this method, the resulting ranking is 

only partial (Starfield, 2005; Shekhovtsov et al., 2020). Subsequently, after 

determining the compliance coefficients for each pair of variants, the dominance 

flows are determined for each of the variants: 

 

• the leaving flow, describing how much the   variant outranks the other 

variants(1): 

 


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                                                                                              (1) 
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• the entering flow, informing how much   variant is outranked by the other 

variants (2): 

•  


=

− =
n

j

iji aba
1

),()( 

                                                                                              (2) 

 

Subsequently, the decision-maker can create a total ranking of the variants. In the 

Promethee II method(Brans et al., 1986),(Brans, 1982) to create a full ranking of 

variants, the net dominance flow described by the formula (3) should be calculated: 

 

)()()( iii aaa −+ −= 
                                                                                 (3) 

 

In the Promethee II method, the equivalence and preference relations in a broad 

sense are defined as follows(Sałabun, 2014): 

 

• variant outranks  variant , if  
)()( ji ba  

, 

•  

• variant is equivalent to   variant , if  
)()( ji ba  =

. 

 

3.1 ELECTRE III method 

 

The ELECTRE III method uses the concept of pseudo-criteria instead of using 

classical criteria. In this method, two different thresholds are used, which are 

indifference threshold and strict preference threshold. On the other hand, both the 

compatibility index and the incompatibility index are defined in fuzzy form.  

 

In line with this advantage, ELECTRE III outperforms previous versions (I and II) in 

handling inaccurate and uncertain data. This method also introduces the concept of 

degree of reliability or reliability of outperformance. The result is not binary, and the 

I version is not just a choice between accepting or rejecting alternatives. The steps 

are as follows: 

 

Step 1: Determine the required values: for criterion j, identify three thresholds 

known as 1) indifference (q), 2) preference (p) and 3) veto (v) and consider v ≥ q ≥ 

p. In addition, as with other methods, you must also determine the importance 

weights (wj) for the criteria. Using these thresholds, close, indifferent and weak 

relationships can be identified. 

 

Step 2: Determine the compliance rate - In this step, the compliance rate must first 

be determined. Therefore, the following equation is used, which has a fuzzy form for 

criterion j, and between Ak and Al alternatives: 
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                             (4) 

 

After calculating all c(k,l) values for all criteria, the global compliance index is 

calculated using the following equation: 

 

                                                                                              (5) 

 

This process should then be applied to all pairs of alternatives, and the result put into 

the elements of a matrix called the compatibility matrix. The elements of this matrix 

are defined as the percentage of criteria in which one alternative is at least as good as 

the other. 

 

Step 3: Determine the incompatibility index - Calculating the incompatibility index 

requires defining the veto threshold (v) for each criterion (vj). When decision makers 

do not give credibility to the superiority of alternative Ak over Al, vj is Xj (Ak) – Xj 

(Al). The incompatibility index is obtained using the fuzzy concept with the 

following equation: 

 

                             (6) 

 

In this step, all inconsistency indices should be calculated for all pairs of 

alternatives, taking into account all criteria. 

 

Step 4: Determine the degree of outperformance reliability and construct the 

reliability matrix. Now the compatibility and incompatibility measures are available 

for each pair of alternatives for each criterion. However, these measures must be 

combined to obtain the degree of superiority and assess the reliability of the 

hypothesis criterion that Ak is at least as good as Al (AkSAl). This is possible using the 

concept of degree of reliability. Reliability is calculated as follows: 

 

                                                                                (7) 

 

F F̅ is the set of criteria according to which dj (k,l) > Ckl. According to the reliability, 

it is assumed that when dj (k,l) ≤ Ckl, Ckl should not be modified, but otherwise the 

effect of dj (k,l) should be taken into account in the surpassing, because the 
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hypothesis should be challenged and Ckl needs to be modified. On the other hand, if 

dj(k,l) = 1, there is no certainty to conclude that the Ak criterion is at least as good as 

Al, and the reliability for this criterion and the pair of alternatives is zero. The values 

of S(k,l) can be put into a matrix called the Reliability Matrix in this step. This 

matrix will then be used in the ranking step. 

 

Step 5: Descending and ascending distillations. As in the ELECTRE II method, this 

step determines two initial orders (descending and ascending distillations). The 

descending distillation process, like the direct ascending in ELECTRE II, this 

process is a step-by-step process that begins with the first iteration and ends when all 

alternatives have been ranked. In addition, descending distillation first determines 

the best alternative and ends by finding the worst alternative. However, the basis 

here is to establish a qualifying score for the alternatives. To do this, the 

discrimination threshold (s(λ), 0 < λ < 1).  must be determined. For example, the 

following equation can be used to determine s(λ): 

 

                                                                                              (8) 

 

To define the qualifications of the alternatives, the following steps must be 

performed: (1) determine λ_(t=1)and λ_t, (2) pairwise evaluation of the alternatives, 

(3) determine the weaknesses, strengths and qualifications, (4) rank “t” alternatives 

with maximum qualifications, (5) eliminate the alternative evaluated in the previous 

step, (6) check whether all alternatives have been classified. If not then go back to 

step 1 of this procedure, (7) classification is complete. 

 

• In the first iteration, set  and then use the following 

equation to get the higher-order cut off level (λ1): 

 

                                                       (9) 

 

That is, λ1 is the largest outperformer, which is simply less than the maximum 

outperformer minus the discrimination threshold. 

  

• Then consider the following equation for the pair of alternatives in the first 

iteration: 

 

                                                     (10) 

 

Both conditions should be applied to all pairs of alternatives in this step. As a result 

of these evaluations, give 1 value (strength) to an alternative each time it 

outperforms another alternative, and -1 value (weakness) when it is outperformed by 
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another alternative. The sum of these values in each iteration gives the qualification 

of the alternatives. The alternative with the maximum qualification is the alternative 

with the ranking in that iteration. Note that if there is more than one alternative with 

similar maximum values, this step must be repeated (but given a matrix only with 

alternatives that have maximum qualification) to select the best among them as the 

alternative with ranking in the first iteration.  

 

3.2 Characteristics of the Research Sample 

 

The survey was conducted in first quarter of 2025 on a purposively selected group of 

students of the Faculty of Management at the University of Warsaw. The survey was 

conducted by computer-assisted interviewing using the Computer-Assisted Web 

Interview (CAWI) service. Eighty-six respondents' answers were used for counting. 

The characteristics of the survey sample are shown in Table 1. 

 

Table 1. Characteristics of the study sample 
Gender 

Female Male 

60.29% 39.71% 

Age 

> 18 19 - 24 25 - 34 35 - 55 

4.41% 88.24% 4.41% 2.94% 

Education 

Bachelor's degree, incomplete higher 

education 

High school 

29.41% 70.59% 

Residence 

village 

city (21,000–

50,000) 

city (51,000–

200,000) 

city (up to 

20,000) 

city (over 

200,000) 

5.88% 2.94% 1.47% 75.00% 14.71% 

Financial situation 

very good good average 

26.47% 61.76% 11.76% 

Employment status 

I am a student 

I work on a casual basis 

(under a contract for 

specific work or a 

contract of mandate) 

I work under a full-time 

or part-time employment 

contract 

I run my own 

business 

44.12% 33.82% 17.65% 4.41% 

Occupation 

office 

workers (e.g., 

secretary, 

clerk) 

workers in unskilled jobs 

(e.g., doorman, cashier) 

service workers (e.g., 

salesperson, tour guide, 

sales representative) 

professionals 

(e.g., IT specialist, 

engineer, doctor, 

teacher) 

37.78% 8.89% 20.00% 33.33% 

Source: Own work (N=86). 
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Referring to the data presented in Table 1, it should be noted that the majority of 

respondents were women 60.29%. The vast majority of survey participants were in 

the age range of 19 - 24 years, as much as 88%. Similarly, in terms of education, the 

survey respondents had a high school education 70.59%. The predominant place of 

residence was a city of up to 20,000 residents 75% of respondents.  

 

Respondents described their professional situation as good in 61.76% of cases, and 

very good in 26.47%. The professional situation of survey participants can be 

divided into two groups, where the first is those only studying 44.12% and those 

studying and working casually, part-time and full-time, or running a business is 

55.88%. Of those who said they were working 37.78% indicated that they were 

office workers, followed by professionals at 33.33% and service workers at 20%. 

 

4. Research Results and Discussion 

 

A survey form was prepared for the survey, which consisted of seven parts. The 

general division into parts of the form is as follows. The first part is the evaluation of 

online banking services, the next four are the determination of measures specific to 

the methods adopted in the study, the penultimate part contains additional questions 

and the last one - the survey metrics.  

 

The survey form was prepared in such a way that the collected results could be used 

to make calculations according to the steps of the following three methods: 

ELECTRE III, Promethee II and Conversion. In the first section of the questions, 

respondents were asked to select three electronic banking services from different 

banks and then conduct an evaluation of them.  

 

The next section of the survey asked respondents to evaluate the significance 

weights of each of the criteria adopted in the survey. The third part of the question - 

to indicate the value of the indifference index, of each criterion. A similar procedure 

was used in the next section, in which respondents were asked to indicate the 

preference index for all criteria. The same construction was used for the fifth section 

of the survey, where they were asked to indicate the value of the veto threshold. The 

penultimate section contains five additional questions designed to test the relevance 

of groups of criteria. The survey form was concluded with a survey metric 

containing seven questions. 

 

The study considered 18 criteria, divided into the following three groups of factors, 

i.e., economic, technical and anti-crisis. The economic factors included (C1, ..., 

C10): Nominal annual interest rate on personal accounts, Account maintenance 

PLN/month, Transfer fee to home bank, Transfer fee to another bank, Direct debit, 

Debit card issuance fee, Monthly card fee PLN/month, Interest rate on savings 

accounts, Interest rate on deposits PLN 10 thousand, Interest rate on loans PLN 10 

thousand. Technical factors included (C11, ..., C17): Additional services, Account 

access channels, Security, Visualization, Navigation, Readability and ease of use, 
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Range of functionality. The last group was anti-crisis factors, which included one 

criterion (C18): Anti-crisis measures. 

 

The study considered the e-banking websites of the following 15 banks (A1, ..., 

A15): ALIOR Bank SA, Bank MILLENNIUM SA, Bank Ochrony Środowiska SA, 

Bank Polska Kasa Opieki SA, BNP Paribas SA, Credit Agricole Bank Polska SA, 

Deutsche Bank Polska SA, ING Bank Śląski SA, mBank SA, PKO Bank Polski SA, 

Revolut Bank UAB, Santander Bank Polska SA, Santander Consumer Bank SA, 

VeloBank SA, Volkswagen Bank.  

 

Since the metrics mentioned in the survey, i.e. relevance weighting, indifference 

index, preference index or veto threshold, are difficult to understand respondents 

were asked to watch a short video explaining what each of the mentioned metrics 

means. 

 

The collected results were averaged both in the area of criteria comparisons and the 

15 alternatives considered, i.e. electronic banking services. For further calculations, 

three methods were used, each in two variants: the scoring method (without 

preferences and taking preferences into account), ELECTRE (I and III) and 

PROMETHEE (I and II). The results for the scoring method were converted using 

MS Excel, for the Electre method using J-Electre-v3.0 (Pereira and Dias, 2021), 

(Pereira, 2017), for the PROMETHEE method using Visual PROMETHEE 

(Mareschal, n.d.). Based on the results obtained, they were interpreted and 

conclusions were made. 

 

Tabel 2. the arithmetic mean, standard deviations, and variance for the scores of the 

analyzed criteria 

ID Criterion Mean Stand. dev. Variance 

(1) (2) (3) (4) (5) 
 Economic Factors    

C1 Nominal annual interest rate on personal accounts 0.6765 0.2714 0.0747 

C2 Account maintenance fee (PLN/month) 0.8676 0.1987 0.0401 

C3 Fee for a transfer to the parent bank 0.8051 0.2494 0.0631 

C4 Fee for a transfer to another bank 0.8199 0.2494 0.0631 

C5 Direct debit 0.4669 0.2936 0.0875 

C6 Fee for issuing a debit card 0.5441 0.2906 0.0857 

C7 Monthly card fee PLN/month 0.8346 0.2293 0.0534 

C8 Interest rates on savings accounts 0.7096 0.2629 0.0702 

C9 Interest rates on deposits of PLN 10,000 0.6250 0.2626 0.0700 

C10 Interest rates on loans of PLN 10,000 0.5368 0.2916 0.0863 
 Technical factors 

   

C11 Additional services 0.5368 0.2546 0.0658 

C12 Account access channels 0.8272 0.2023 0.0415 

C13 Security 0.9265 0.1360 0.0188 
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C14 Visual design 0.6912 0.2314 0.0543 

C15 Navigation 0.7831 0.1960 0.0390 

C16 Readability and ease of use 0.8676 0.1686 0.0289 

C17 Scope of functionality 0.7647 0.2095 0.0446 
 Crisis-response factors 

   

C18 Crisis-response measures 0.6250 0.3077 0.0961 

Source: Own work (N=86). 

 

Referring to the values presented in Table No. 2 in column 3. presenting the values 

of the arithmetic mean of the criteria evaluations, the most significant for 

respondents were (C13) Security 0.93. Slightly less significant were (C2) Account 

maintenance PLN/month and (C16) Readability and ease of use both 0.87. The least 

significant criterion turned out to be (C5) Direct debit 0.47. Among the criteria from 

the group of economic factors, the most significant were, in order: (C2) Account 

maintenance PLN/month 0.87, (C7) Monthly card fee PLN/month 0.83, and (C4) 

Transfer fee to another bank 0.82.  

 

The least significant criterion turned out to be the indicated, of all criteria, (C5) 

Direct Debit. Among the criteria belonging to the group of technical factors, (C13) 

Security 0.93 was among the three highest rated, followed by (C16) Readability and 

ease of use 0.87 and (C12) Account access channels 0.83. The least important turned 

out to be (C11) Additional services 0.54.  

 

Referring to column 4. in Table 2 showing the values of the standard deviation for 

the average ratings of the criteria, the highest value of this measure is for the 

criterion (C18) Anti-crisis measures 0.31. Slightly lower values of 0.29 were for 

three criteria: (C5) Direct debit, (C10) Interest rate on loans of PLN 10,000, and 

(C6) Debit card fee. The lowest value was recorded for criterion (C13) Security 

0.14.  

 

Table 3 presents a summary of the values of the evaluations of the alternatives in the 

scoring method without preference in each criterion with a breakdown by factor 

group. 

 

Table 3. Summary of the scores for each alternative across all criteria, broken down 

by factor group 
Groups Economic factors 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

A1 0.6923 0.7788 0.8077 0.7115 0.6635 0.7308 0.6923 0.7308 0.6058 0.6442 

A2 0.6125 0.8000 0.7750 0.7250 0.6625 0.8250 0.7625 0.6500 0.5875 0.5500 

A3 0.3750 0.6250 0.7500 0.6250 0.6250 0.3750 0.3750 0.5000 0.5000 0.6250 

A4 0.6667 0.9167 0.9167 1.0000 0.9167 1.0000 0.9167 0.8333 0.6667 0.5000 

A5 0.4688 0.5625 0.7500 0.7500 0.6250 0.5625 0.4688 0.4063 0.5000 0.5313 

A6 0.4643 0.6071 0.7857 0.6429 0.7143 0.7857 0.5714 0.3929 0.3571 0.4643 
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A7 0.6250 0.5000 0.5000 0.3750 0.5000 0.7500 0.8750 0.5000 0.5000 0.3750 

A8 0.6406 0.8281 0.8906 0.7813 0.7813 0.8125 0.8281 0.6563 0.6563 0.6406 

A9 0.6719 0.8490 0.8385 0.7865 0.6979 0.8177 0.7813 0.6042 0.6146 0.5313 

A10 0.5208 0.7292 0.6667 0.7083 0.5521 0.6354 0.6458 0.5729 0.5625 0.5313 

A11 0.5750 0.7750 0.7750 0.7250 0.6500 0.7000 0.8000 0.6250 0.4500 0.5750 

A12 0.5000 0.8068 0.8068 0.7955 0.6818 0.6477 0.7500 0.5682 0.5682 0.5568 

A13 0.6875 0.8750 0.5000 0.4375 0.3750 0.4375 0.6250 0.5625 0.5000 0.5000 

A14 0.7500 1.0000 1.0000 0.8750 0.7500 1.0000 0.7500 0.6250 0.6250 0.5000 

A15 0.8750 1.0000 1.0000 0.8750 0.8750 1.0000 1.0000 0.8750 0.7500 0.7500 

 Technical factors 

Factors 

Anti-

crisis   

 C11 C12 C13 C14 C15 C16 C17 C18   

A1 0.7596 0.7788 0.8365 0.7596 0.6923 0.6827 0.7500 0.6827   

A2 0.6500 0.8125 0.7500 0.7625 0.7000 0.7250 0.7000 0.5125   

A3 0.3750 0.3750 0.7500 0.3750 0.5000 0.3750 0.5000 0.6250   

A4 0.5833 0.8333 0.7500 0.8333 0.6667 0.8333 0.8333 0.6667   

A5 0.5938 0.7813 0.6563 0.4688 0.5938 0.5000 0.6563 0.5313   

A6 0.7143 0.8214 0.6429 0.5357 0.5357 0.5000 0.6071 0.5357   

A7 0.6250 0.6250 0.8750 0.3750 0.5000 0.5000 0.3750 0.5000   

A8 0.7344 0.8281 0.8438 0.7344 0.6563 0.7344 0.7500 0.7188   

A9 0.7708 0.9010 0.8177 0.8229 0.7500 0.7604 0.7865 0.5938   

A10 0.7708 0.7917 0.7813 0.6979 0.6354 0.7292 0.6458 0.5313   

A11 0.8750 0.7750 0.9000 0.9750 0.8500 0.8000 0.8500 0.5250   

A12 0.6250 0.7841 0.8636 0.6932 0.7159 0.7955 0.7273 0.5227   

A13 0.5000 0.6250 0.5000 0.5625 0.6875 0.5625 0.7500 0.3125   

A14 0.6250 0.8750 0.6250 0.7500 0.7500 0.7500 0.7500 0.2500   

A15 0.7500 0.8750 0.7500 0.6250 1.0000 0.8750 0.8750 0.3750   
Source: Own work (N=86). 

 

Using the values presented in Table 3, ranks were assigned, where the highest scored 

value of the average grade gave the first place and the lowest the last place. For the 

same grade values, a rank was assigned at the same level. Since similar values 

occurred in each criterion, a rank of 18 was never assigned. Finally, the table was 

transposed. The results are presented in Table 4. 

 

Table 4. Comparison of the rankings of alternatives based on each criterion 
Group 

of factors  
A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 

E
co

n
o

m
ic

 

fa
ct

o
rs

 

C1 8 11 4 5 9 9 3 10 12 14 10 15 3 3 2 

C2 3 3 2 2 6 5 4 3 2 4 6 2 1 1 1 

C3 2 4 1 2 2 2 4 1 3 7 6 2 6 1 1 

C4 7 7 2 1 2 4 5 5 6 5 7 3 7 2 2 
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C5 10 9 2 2 4 3 4 5 11 12 9 9 8 3 2 

C6 6 1 4 1 6 2 2 4 5 9 8 10 7 1 1 

C7 8 5 4 2 9 6 1 3 7 8 5 5 4 3 1 

C8 6 10 3 3 10 10 4 9 14 10 9 12 5 4 2 

C9 12 12 3 5 8 11 4 9 13 11 12 12 6 4 3 

C10 11 13 2 7 7 9 5 10 16 13 10 13 6 5 3 

T
ec

h
n

ic
a

l 
fa

ct
o

rs
 

C11 4 10 4 6 5 3 3 7 8 3 3 11 6 4 3 

C12 3 2 4 3 1 1 3 3 1 1 6 4 4 2 2 

C13 1 6 1 4 3 4 1 2 5 2 2 1 6 4 3 

C14 4 5 4 3 9 7 5 7 4 6 1 8 5 3 4 

C15 8 8 3 5 5 7 4 9 10 9 4 7 3 3 1 

C16 9 7 4 3 8 8 4 7 9 4 5 3 5 3 2 

C17 5 8 3 3 3 5 5 6 6 8 4 6 2 3 2 

Anti-

crisis 

factor 

C18 9 17 2 5 7 7 4 8 15 13 11 14 9 6 5 

 SUM 116 138 52 62 104 103 65 108 147 139 118 137 93 55 40 

Source: Own work. 

 

Referring to the values presented in Table 4, it can be seen that alternative (A15) 

Volkswagen Bank was rated the highest. It ranked first for five criteria. Four of the 

five belonged to the economic factors. It ranked second in as many as seven criteria.  

 

For three criteria, alternative (A14) VeloBank SA was rated as the highest, where all 

of them belonged to the economic criteria. Three alternatives, i.e., (A3) Bank 

Ochrony Środowiska SA, (A4) Bank Polska Kasa Opieki SA and (A7) Deutsche 

Bank Polska SA, were rated highest twice in different criteria.  

 

The lowest rated alternative was (A9) mBank SA, which, like the nine services not 

previously mentioned, was rated highest only once, and in its case in a criterion from 

the group of technical factors. 

 

The following three methods were used to analyze the results, each in two variants: 

scoring without preference and scoring with preference, as well as two methods from 

the MCDA group, viz: PROMETHEE I and II and ELECTRE I and III. Significance 

weights, preference index and indifference index are used to make conversions using 

the PROMETHEE II method.  

 

Similar measures are used during conversions in the ELECTRE III method, with the 

difference that a veto threshold is also used. Table 5 presents a summary of the 

values of the indicators: significance weight, indifference, preference and veto 

threshold for each criterion. For each indicator, the value of the arithmetic mean and 

the value of the standard deviation are given. 
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Table 5. Comparison of indicator values: weight of significance, indifference, 

preference, and veto threshold for each criterion 

 Weight of 

significance 
Indifference Preference Veto 

Criterion 
        

C1 0.68 0.27 0.33 0.25 0.53 0.27 0.42 0.28 

C2 0.87 0.20 0.29 0.31 0.54 0.31 0.43 0.35 

C3 0.81 0.25 0.31 0.31 0.51 0.29 0.36 0.30 

C4 0.82 0.25 0.32 0.33 0.53 0.30 0.40 0.31 

C5 0.47 0.29 0.35 0.26 0.43 0.25 0.42 0.30 

C6 0.54 0.29 0.32 0.25 0.51 0.27 0.39 0.30 

C7 0.83 0.23 0.33 0.30 0.59 0.32 0.43 0.35 

C8 0.71 0.26 0.35 0.26 0.54 0.26 0.42 0.27 

C9 0.63 0.26 0.35 0.24 0.48 0.26 0.36 0.26 

C10 0.54 0.29 0.35 0.26 0.46 0.27 0.36 0.29 

C11 0.54 0.25 0.44 0.25 0.57 0.24 0.45 0.27 

C12 0.83 0.20 0.36 0.32 0.57 0.30 0.47 0.31 

C13 0.93 0.14 0.36 0.34 0.58 0.32 0.49 0.35 

C14 0.69 0.23 0.40 0.25 0.63 0.25 0.54 0.31 

C15 0.78 0.20 0.38 0.23 0.62 0.26 0.56 0.28 

C16 0.87 0.17 0.39 0.25 0.64 0.27 0.50 0.28 

C17 0.76 0.21 0.37 0.22 0.60 0.23 0.52 0.28 

C18 0.63 0.31 0.37 0.29 0.51 0.27 0.46 0.32 

Source: Own work.  

 

Referring to the values presented in Table 5, the highest average value of the 

Indifference Index is attributed to criterion (C11) Additional services 0.44, and the 

lowest for criterion (C2) Account maintenance PLN/month 0.29. In the case of the 

Preference Index, the highest value was assigned to criterion (C16) Readability and 

Ease of Use 0.64, and the lowest (C5) Direct Debit 0.43. The last measure - the Veto 

Threshold reached the highest value in criterion (C15) Navigation 0.56, and the 

lowest 0.36 three criteria: (C10) Interest rate on loans of 10k, (C9) Interest rate on 

deposits of 10k, and (C3) Transfer fee to parent bank. 

 

In order to create a complete picture of the research, the survey was supplemented 

with four additional questions designed to check the presence of substitutability of 

criteria from the groups of factors, i.e. economic and technical. Each question used a 

five-point response scale: definitely no; rather no; don't know; rather yes; definitely 

yes. In the first question, “In your opinion, from the customer's point of view: an 

aesthetically pleasing, nicely colored and legible appearance of the banking website, 

with easy navigation and adequate functionality, can be evaluated equivalently to the 

lower cost of the most important products or services in the banking site?” in 43% of 

cases the answer selected was rather no.  
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The second most frequently selected answer was rather yes 29%. On the other hand, 

if we do a summation of positive answers and separate negative ones, the majority of 

56% were negative. Therefore, it can be concluded that there is no substitutability 

between economic and technical factors. For the question “Would you choose a 

banking website with competitive (lower) prices for basic services or a more 

modern, colorful, readable and functional website with higher prices?” 37% of 

respondents indicated a rather no answer. While 34% rather yes. Using a similar 

procedure to the previous question, which involved adding up the negative and 

positive answers, 36% of responses were negative.  

 

Therefore, it can be concluded that economic factors still have a strong role in 

choosing an e-banking service, and technical factors will not change this decision. 

The next question contrasted very good technical and functional conditions of the 

banking service versus better economic (cost and profitability) conditions. The 

answer rather yes was selected in 46% of cases, and rather no in 26%.  

 

The sum of positive answers yielded 50%. It is worth noting that 18% of 

respondents had no opinion. Thus, it can be concluded that a very good technical 

implementation of the service will be a sufficient reason to choose or change the 

electronic banking service. In the last question, “Would you reject such a bank 

where it is difficult to access a given operation via the Internet (poor site navigation) 

even when it offers good financial terms (e.g., a high-interest deposit)?” The answers 

rather yes and definitely yes together accounted for, as much as 75%. The rather no 

answer was only 12%. This may indicate that respondents strongly reject alternatives 

where the implementation of technical factors is at a low level. 

 

Considering methods for evaluating the quality of e-banking services, a comparison 

was made of the results obtained using three methods with their variants: scoring 

(without preferences and with preferences), PROMETHEE (I and II) and ELECTRE 

(I and III). Table 6 summarizes the values of the rankings of the alternatives' 

evaluations and the ranked position. For the ELECTRE method, only the rankings 

are indicated. 

 

Table 6. A comparison of the evaluation scores and rankings of the alternatives 

obtained using the following methods: the scoring method (with and without 

preferences), PROMETHEE (I and II), and ELECTRE (I and III) 

 Rank without 

preferences 

Ranking with 

preferences 

PROMETHEE 

I 

PROMETHEE 

II 

ELECTRE 

I 

ELECTRE 

III 

Alternative Rating Rank Rating Rank Rating Rank Rating Rank Rank Rank 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

A1 0.7222 7 0.0708 7 0.2262 7 0.0068 9 2.0 4.0 

A2 0.6979 8 0.0688 8 0.0992 8 0.0101 7 2.5 3.0 

A3 0.5139 15 0.0504 15 -0.5952 15 -0.0764 15 3.5 7.0 

A4 0.7963 2 0.0783 2 0.3611 4 0.0072 8 2.5 1.0 
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A5 0.5781 12 0.0568 12 -0.5079 13 -0.0222 12 3.5 5.5 

A6 0.5933 11 0.0578 11 -0.4246 11 -0.0112 11 3.0 4.0 

A7 0.5486 14 0.0539 14 -0.5357 14 -0.0624 14 0.5 6.0 

A8 0.7509 3 0.0737 3 0.3889 2 0.0221 3 1.0 1.5 

A9 0.7442 4 0.0734 4 0.3889 3 0.0167 5 1.5 2.5 

A10 0.6505 10 0.0642 10 -0.1865 10 -0.0052 10 3.0 4.0 

A11 0.7333 6 0.0726 6 0.2381 6 0.0220 4 2.5 2.5 

A12 0.6894 9 0.0686 9 0.0714 9 0.0152 6 2.5 3.0 

A13 0.5556 13 0.0553 13 -0.4921 12 -0.0434 13 3.0 6.0 

A14 0.7361 5 0.0727 5 0.2857 5 0.0386 2 2.5 2.5 

A15 0.8403 1 0.0827 1 0.6825 1 0.0823 1 2.0 1.0 

Source: Own work.  

 

Referring to the values presented in Table 6 in the scoring method regardless of 

whether it takes into account preference values or not, the highest rated alternative is 

(A15) Volkswagen Bank, and the second (A4) Bank Polska Kasa Opieki SA. The 

lowest rated service was (A3) Bank Ochrony Środowiska SA. For the Promethee 

method, in both variants and similarly to the scoring method, the highest rated 

alternative was (A15) Volkswagen Bank, and the lowest (A3) Bank Ochrony 

Środowiska SA.  

 

The difference in results between the Promethee methods in version I versus II can 

be seen that for the second highest rated service, that is, respectively: (A8) ING 

Bank Śląski SA version I and (A14) VeloBank SA version II. A significant 

difference in performance can only be observed for the Electre method. For the 

Electre I method, the highest rated service was (A7) Deutsche Bank Polska SA (0.5), 

the second was (A8) ING Bank Slaski SA (1.0).  

 

While, the lowest rated service was (A3) Bank Ochrony Środowiska SA, which 

coincides with other methods, and (A5) BNP Paribas SA (3.5). For variant III of the 

Electre method, the highest rated service was (A4) Bank Polska Kasa Opieki SA and 

(A15) Volkswagen Bank. Noteworthy, the first mentioned (A4) in both alternatives 

in the scoring method, was ranked as the second highest rated.  

 

The lowest rated alternative was (A3) Bank Ochrony Środowiska SA, which was 

confirmed in each of the previous methods used. From the analyses, it can be 

concluded that the parameters characteristic of multi-criteria methods (equivalence 

and preference threshold and veto threshold) did not have a significant impact when 

indicating the lowest rated service, while they had a noticeable impact when 

indicating the highest rated alternative. 

 

The results of the conducted analyses indicate high complexity in the case of multi-

criteria decision-making problems. This makes it difficult to identify a universal 
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method for evaluating the quality of electronic banking services. Initial efforts have 

been made to replace multi-criteria methods with simple ones, but they do not give 

clear results (Chmielarz and Zborowski, 2019).  

 

The three methods and their variants analyzed in this study showed selective 

convergence of results. While there was no divergence of results for the lowest-rated 

alternative, there were already differences for the highest-rated one. The largest 

differences are noticeable for the Electre method. It is also worth noting the 

discrepancies in the case of differences in evaluation results in relation to the second 

highest rated alternative. 

 

5. Conclusions 

 

The present work aimed to analyze the quality of electronic banking services of the 

most popular in the group of bank respondents and to study the impact of selected 

MCDA methods on the obtained rankings. The case study in this work was the issue 

of selecting the best electronic banking service by a potential customer. 

 

In 2023, the three most important criteria for respondents were Security, Readability 

and ease of use, and Account maintenance of PLN/month. The first two criteria were 

among the technical factors, and the last among the economic ones. In a similar 

survey in 2022, the three most relevant criteria were Interest rate on loans of PLN 

10,000, Account maintenance PLN/month and Monthly card fee PLN/month.  

 

It can be noted that respondents belonging to Generation Z are more strongly guided 

by technical aspects such as IT security or ease of use when choosing an e-banking 

service. Economic factors are no longer so important. The least agreement in the 

answers given was for the criterion: Anti-crisis measures, Direct debit, Interest rate 

on loans of PLN 10,000, and Debit card fee. The results obtained may indicate that 

economic aspects are still important only to some of the respondents.  

 

When analyzing the results using only the non-preference scoring method, 

Volkswagen Bank's service (A15) was the highest scoring alternative. It was the 

highest scaled for five criteria, and four of them belonged to the economic factors 

group. In second place was (A4) Bank Polska Kasa Opieki SA. Last was (A3) Bank 

Ochrony Środowiska SA. When recalculating the results with significance weights, 

as well as using multi-criteria methods, i.e., PROMETHEE (I and II) and ELECTRE 

(I and III) taking into account indifference, preference and veto threshold indicators, 

the ranking does not change for the first place.  

 

For the last one, the difference is only in the ELECTRE I method in favor of the 

alternative (A7) of Deutsche Bank Polska SA. Changes can be seen in the case of the 

second item. In the scoring method without preferences and with preferences, it was 

the alternative (A4) Bank Polska Kasa Opieki SA. In the PROMETHEE I method, it 

was (A8) ING Bank Slaski SA, and PROMETHEE II (A14) VeloBank SA. For the 
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ELECTRE I method, it was the same alternative as for the PROMETHEE I method.  

 

The resulting picture can be interpreted that by recalculating the data using multi-

criteria methods, the resulting rankings reflect a higher level of objectivity, since 

respondents' preferences resulting from indifference, preference and veto threshold 

indicators are taken into account. It is worth mentioning that the observations made 

are similar to other studies by the author, where methods were used: TOPSIS, 

COMET, PROSA-C and PROMETHEE II (Chmielarz and Zborowski, 2024). 

 

Additional analyses of the occurrence of substitutability of groups of factors 

containing evaluation criteria showed that it occurred only in the case of an 

extremely unfavorable realization of them. In the case of the survey, it was the 

negative attitude of respondents to the low quality of implementation of features of 

electronic banking services from the group of technical factors. Their low level 

indicated a tendency to reject the alternative. 

 

The analyses carried out suggest that for proper evaluation of a multi-criteria 

problem, certain conditions must be met: the proper selection of criteria is necessary, 

where the key is their relevance to respondents; the choice of the method of 

processing the results obtained; the method of comparing the results obtained; the 

use in the analyses of measures that reflect the preferences of respondents regarding 

the evaluation criteria. It is also important to consider the validity of using 

substitutability of criteria. 

 

The theoretical implications of the analyses presented include demonstrating the 

rationale for using hybrid analysis of test results in evaluating the quality of 

electronic banking services. In addition, the formulation of general conditions for 

conducting a proper evaluation of a multi-criteria problem.  

 

The conducted analyses can serve practitioners responsible for the design of 

electronic banking services in the area of the relevance of features to which much 

attention should be paid. In addition, the conclusions formulated can be important 

information for banks in the process of shaping their strategy, including that 

responsible for communication with customers. 

 

The main limitation of the study was the restriction of data collection to 

representatives of the academic community of generation Z. Another was the use of 

only two methods from the MCDA group.  

 

Further directions of the study should be directed to the use of other methods from 

the aforementioned group in order to expand their set, which will make it possible to 

strive for convergence of results and thus objectification of assessments in the 

problem undertaken. It is also important to lean into the problem of substitutability 

of evaluation criteria in the study of the quality of electronic banking services. 
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