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1. INTRODUCTION 

Public transportation is a service that most people are familiar with, however the importance 

of a well functioning public transport system cannot be overstated. Urbanization is an 

ongoing trend in the modern world that poses problems related to sustainability, mobility, 

and overall quality of life, among others. Hungary is not an exception, and, especially in the 

Budapest Metropolitan Region, there are serious sustainability concerns arising from the 

high concentration of population. Research shows that the development and promotion of 

the urban public transport system are among the most important policies that should be 

focused on in order to reduce the ecological footprint of the region (Kovács et al., 2022). 

Analysing the satisfaction of public transport passengers is a key element of the promotion 

of this service (Hussain et al., 2018), and one that can significantly help with the decision 

making processes regarding further developments. 

As seen in the synthesis of Currie and Wallis (2008), in urban areas the quality of 

public transport services, as well as improvement measures on the service, are regarded 

primarily based on technical aspects, while the quality perception of passengers is taken 

substantially less into consideration. However, the perceived quality of services is well 

known to be a key element of service quality both in a more general (Hu et al., 2009; Tarn, 

1999), and a more specific context (Echaniz et al., 2018). 

According to de Oña and de Oña (2015), when it comes to measuring service quality 

in the public transport industry, the significant majority of the literature available falls 

between the performance perception and expectation approach (Parasuraman et al., 1985) 

and the only performance perception approach (Cronin. Jr & Taylor, 1992), and the use of 

a more sophisticated, weighted version of both these models is also widely adopted. The 

former one, which also lead to the development of the widely adopted SERVQUAL scale 

(Parasuraman et al., 1988), derives service quality from the gap between the service 

perceived and expected by the consumer. In contrast, the latter approach (along with other 

studies such as that of Babakus and Boller (1992)) suggests that the expected service 

component of the above proposed model might not be necessary in all settings, as consumer 

expectations are sometimes imbedded in the perceived quality.  In both of these approaches 

customer satisfaction surveys have a critical role, and they also show that Likert scales, 5-

point Likert scales in particular, are the most widely adopted rating measures in these 

surveys. 
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The Likert scale in general is popular for good reason: its ease of use and general 

applicability make it a strong tool for the quantification of otherwise unquantified, 

subjective data such as opinions and perceptions. However, its usage for this purpose is a 

more and more debated issue, as the variables such a scale tries to quantify are fuzzy and 

ambiguous by nature, opposed to the crisp number that the Likert scale would suggest (Tóth 

et al., 2019; Lupo, 2013a). Fuzzy set theory (Zadeh, 1965) provides a more and more 

frequently used toolset in the general field of service quality measurement (Kuo et al., 2007; 

Árva et al., 2019; Benítez et al., 2007; Chou et al., 2011), capable of better quantifying both 

the uncertainty associated with the decision making while rating subjective variables on 

Likert scales and the flexibility of the variables themselves. 

The objective of this paper is to use a carefully selected combination of the above 

mentioned tools and methodologies in order to assess the service quality of the public 

transport system in Budapest, and show how these methodologies migth be applied in the 

industry and in the more specific setting as well. First, the relevant academic literature is 

reviewed, further discussing the state of the art of service quality measurement both 

generally, and in the specific case of public transport. Second, the elements of the proposed 

methodology are presented and discussed, addressing their potential weaknesses, and finally 

a detailed discussion of the results is put forward along with conclusions and 

recommendations based on the analysed data. 



 3 

2. LITERATURE REVIEW 

2.1. MEASURING SERVICE QUALITY 

Parasuraman, Zeithaml and Berry (1985) emphasize three important characteristics of 

services in comparison with goods that must be considered to fully, or at least better 

understand service quality, which are intangibility, heterogeneity and inseparability. They 

argue that services are not testable, and therefore their quality is not verifiable in advance 

to sales (intangibility), that service performance varies both over time and between 

customers (heterogeneity), and that the production of a service is not separable from its 

consumption. As a result of these characteristics, consumers evaluate the quality of services 

along different dimensions than goods, which are also more difficult to observe. They 

develop a model describing four gaps between consumer expectations and management 

perceptions of these expectations (Gap 1), these management perceptions and the service 

quality specifications of the firm (Gap 2), service quality specifications and the actual 

delivery of service (Gap 3), and finally a gap between the delivery of the service and external 

communication about it towards consumers (Gap 4). They propose that these gaps affect the 

service quality from the standpoint of the consumer, and that there exists a fifth gap between 

expected and perceived service that on the one hand depends on the nature of the above 

mentioned gaps, and on the other hand directly influences the perceived quality of the 

service with its magnitude and direction. Gap 5 is measurable as the difference between 

stated perceived and stated expected service values, and it can be calculated for both the 

entirity of the service, and its elements one by one. The structure of this conceptual model 

can be seen in Figure 1. This approach led to the development of the SERVQUAL 

(Parasuraman et al., 1988), a scale for the measurement of service quality, which became 

the foundation of methodology in a significant portion of related literature utilised in a wide 

range of industries (Wang et al., 2015), and more specifically in the public transport sector 

as well (de Oña & de Oña, 2015). 
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Figure 1: Service Quality Model 

Source: Parasuraman et al. (1985, p. 4) 

Explanation: The figure identifies the factors affecting service quality and shows the gaps 

between these factors as explained above 

 

As with many other general models applied to a wide range of different problems and 

over large periods of time, in many articles some situation specific alterations have been 

implemented to the original SERVQUAL methodology. Parasuraman, Zeithaml and Berry 

(1988) put forward a five dimensional scale consisting of Tangibles, Reliability, 

Responsiveness, Assurance and Empathy, further breaking these each down into either four 

or five attributes (see Figure 3 for an example of breaking down service quality into its 

attributes). These proposed attributes of service quality are to be assessed by respondents 

according to both their expectations and their perceptions about the service in question on a 

seven point ordinal scale. This instrument (in line with the suggestion of the authors) is often 

adapted in recent literature to fit the needs of a specific research. Lupo (2013a) utilizes the 

AHP method (Saaty, 1977) for acquiring information about expectations while also 

applying fuzzy set theory through fuzzy-linguistic evaluation scales to the problem to better 

represent the inherent uncertainty characteristic of service performance analyses. He also 
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breaks down service quality into a different set of dimensions to develop a questionnaire 

that better suits the environment of higher education. Chou et al. (2011) demonstrates the 

effectiveness of employing fuzzy numbers as well, combined with a weighted SERVQUAL 

model obtaining importance weight values from respondents as an additional part of the 

questionnaire. They assess the usefulness of the weighted model by comparing its results 

with a model not taking the weight values into account, and conclude that there are 

significant differences between the results. Similarly to Lupo (2013a), they use fuzzy-

linguistic scales instead of a traditional Likert scale, which is a common method to 

incorporate subjectivity and uncertainty. In terms of service quality dimensions they include 

some airline-specific elements in the general SERVQUAL model. Wahyudi (2017) 

investigates the role of using fuzzy numbers in the SERVQUAL method by comparing the 

Gap 5 results of a fuzzy-linguistic scale and a traditional Likert scale based, otherwise 

identical assessment method. He concludes that there are no statistically significant 

differences between the two methods, however he mentions several possible research-

specific reasons for his results, and argues that conducting similar studies in different 

settings is necessary to better understand the role of fuzzy logic based assessment. 

Implementations of a weighted SERVQUAL model are also decently common in the 

field. When developing such a model, the researcher assesses the gap 5 values after 

multiplying them with their respective importance weights (Cronin. Jr & Taylor, 1992). In 

the relevant literature, according to de Oña and de Oña (2015), these weights are either 

determined according to the stated importance of service quality attributes (Chou et al., 

2011), that is, the subjective ratings of stakeholders on the importance of attributes, or 

derived using various statistical methods such as factor analysis, regression analysis or 

structural equation models. Jain and Gupta (2004) argue that while a weighted approach 

does not raise the validity or the explanatory power of the original SERVQUAL model (and 

is not superior in those regards to the weighted or unweighted SERVPERF models either), 

it does yield a significantly stronger diagnostic power, providing much deeper insight into 

areas in need of managerial intervention. 

2.2. SERVICE QUALITY IN PUBLIC TRANSPORT 

Looking at the public transport sector more closely, Ojo and Adom (2017) note that although 

some differing approaches are being applied to the field (Eboli & Mazzulla, 2007), 

SERVQUAL model based methods are between the most frequently applied in the industry. 
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Research-specific alterations however are still regularly incorporated regarding both the 

exact methodology of collecting and of analyzing the data. 

Lupo (2013b) applies a very similar methodology as in his previously mentioned 

research, taking advantage of the AHP method, fuzzy set theory, and modifying the 

traditional service dimensions and attributes to better fit the setting. He derives these from 

the work of Eboli and Mazzulla (2007), who formulated a structural equation model to 

determine the overall structure of public transit. Moslem and Duleba (2018) used the AHP 

method as well, however they conducted their survey on transport experts, not the general 

passengers of public transport. Nevertheless, their results are of interest in this paper, as 

their research took place in Budapest, Hungary. They found that reliability is the most 

critical issue according to expert evaluators, followed by time availability, and that physical 

comfort and perspicuity are the least important attributes of service quality. 

Mikhaylov et al. (2015) utilize the SERVQUAL instrument more traditionally, 

keeping the original five dimensions, but tailoring the attributes (and the number of 

attributes per dimension) to fit the public transport industry, with an emphasis on the 

reliability dimension. They assess expectations and perceptions on a seven point scale, and 

investigate the results not only in terms of the calculated Gap 5 values, but also comparing 

the percentage of negative (1 to 3), neutral (4), and positive (5–7) responses along their 

proposed attributes. Kokku et al. (2011) approach the problem similarly, but they include 

an additional quality dimension in the questionnaire, culture, with five different attributes. 

2.3. LIMITATIONS OF LIKERT SCALES 

Inspecting the summary of previous research with the help of de Oña and de Oña (2015), 

we can see that the most frequently used scale in the literature of public transport service 

quality evaluation is by far the Likert scale, with an emphasis on 5-point Likert scales. There 

are unquestionable advantages of these scales (ease of use on both the researcher and 

respondent side, general applicability, etc.), however, it is of vital importance to address the 

limitations of the Likert scale in this field. Lupo (2013a) notes that the preferences and 

judgments expressed by people are often characterised by subjectivity, inconsistence and 

vagueness, and that many popular methods to analyze service quality are unable to deal with 

the uncertainty arising from these characteristics. Li (2013) also states that the ordinal nature 

of the Likert scale leads to information distortion and loss, while Chou et al. (2011, p. 3) 

label Likert scales „inadequate and too simple” to handle the complexity of human decision 

making. They address the fact that in terms of interpreting the results, means and standard 
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deviations are less appropriate figures than frequencies or percentages are as well. Dombi 

and Jónás (2021) emphasize that due to the ordinal nature of data derived from Likert scales 

only statistical tools applicable to ordinal data should be used in the statistical analysis of 

the results. Árva et al. (2019) also note that the common practice of assuming adjacent 

values on a Likert scale to be of equal distances from each other (like on an interval scale) 

can lead to incorrect interpretations of their carried information. 

All of the articles above (and many more) suggest the implementation of fuzzy set 

theory as a toolset that provides the necessary means to account for the inherent uncertainty 

in human decision making. Fuzzy set theory can be implemented into the SERVQUAL 

model on different levels, examples of which we have covered above. The use of a fuzzy-

linguistic scale is a decently common approach in the literature, as it is a method that 

combines the ease of use of the Likert scale with the better information carrying 

characteristic of fuzzy numbers. When these scales are used, respondents are asked to 

indicate their opinions on a Likert scale, where each of the potential answers is explained 

by a linguistic expression. These expressions are attached to fuzzy numbers predetermined 

by the researcher(s), and the answers given by respondents are translated into fuzzy numbers 

based on these predetermined values. An example of such a fuzzy-linguistic evaluation scale 

with the corresponding fuzzy values can be seen on figure 2. 

 

 

Figure 2: Linguistic variables for expectation and perception. 

Source: Chou et al. (2011, p. 5) 

Explanation: An example of a fuzzy-linguistic conversion table 

 

Although it is shown that these scales better represent human thinking than more 

traditional, crisp value based methods (Liou & Chen, 2006), they have their own 

disadvantages, as consumer perceptions of what these linguistic values represent might 

differ significantly from the predetermined fuzzy equivalents, and these perceptions may 

vary depending on the attribute of service quality being evaluated as well (Árva et al. 2019). 



 8 

Chou et al. (2011, p. 10) also note that, when using a fuzzy linguistic scale, „it is difficult 

to justify appropriately and accurately the membership function of passenger’s perception 

and expectation”. 

One proposed solution to these problems (Tóth et al., 2019) is the adoption of a 10 

point fuzzy Likert scale, where instead of evaluating service performance with the crisp 

values on the scale, respondents are given the freedom of expressing their uncertainty and 

the heterogeneity of the service via selecting three values on the scale. These three values 

represent (in order) the level below which performance did not fall, the usual level of 

performance, and the level over which performance did not rise. With the help of these 

values a triangular fuzzy number (or more generally, a flexible fuzzy number (Dombi & 

Jónás, 2021)) is formulated, which overcomes not only the limitations of traditional Likert 

scales (by converting evaluations into a flexible environment), but also allows respondents 

to directly incorporate the level of variability in the service into their evaluation. Their 

evaluations can then be aggregated and analyzed to form interpretations of service quality. 
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3. METHODOLOGY 

The proposed methodology of this paper is a combination of different tools and techniques 

mentioned above. This paper uses a SERVQUAL based approach that is, compared to the 

original tool, modified in three ways. Firstly, a fuzzy Likert scale is introduced in the 

assessment of perceived and expected service performance to address the weaknesses of 

both traditional Likert scales and fuzzy-linguistic scales, to better quantify the subjective 

data. Secondly, the general dimensions and attributes of service quality in the SERVQUAL 

model are modified to better fit the research setting. Thirdly, a weighted model is developed 

and its results are compared with those of the unweighted model, assessing the additional 

insights provided by incorporating weights. 

In the following subchapters, a brief overview of the aspects and properties of fuzzy 

set theory and fuzzy numbers that is utilized in this research is included, along with a short 

explanation of the technique used to defuzzificate the results in order to be able to perform 

statistical analyses on them easier. The proposed modifications to the SERVQUAL model 

are also presented and justified, giving some context to the decision-making behind the 

modifications. Then, the necessary background for deriving weight values is discussed, and 

lastly, the potential weaknesses of the proposed methodology are addressed. 

3.1. FUZZY SET THEORY 

The fuzzy set theory was first introduced by Zadeh (1965). A fuzzy set is a subset of some 

classical set 𝑋 (the universe) without a sharp membership boundary. Fuzzy set 𝐴 is 

completely characterized by its membership function, 𝜇𝐴: 𝑋 → [0; 1]. This membership 

function assigns to each element of the universe a real number on the [0, 1] interval, 

determining its degree of belonging to set 𝐴. The closer 𝜇𝐴(𝑥) is to 1, the more 𝑥 belongs 

to 𝐴, with extreme values 𝜇𝐴(𝑥) = 0 meaning 𝑥 is not a member of 𝐴, and 𝜇𝐴(𝑥) = 1 

meaning 𝑥 is a member of 𝐴 to the fullest possible extent. A fuzzy set allows us to express 

values and intervals with no sharp boundaries. (Dubois & Prade, 1980). 

The fuzzy subset of the real line 𝐴 (𝜇𝐴: ℝ → [0, 1]) is a fuzzy number if its 

membership function fits the following criteria: 

1. 𝜇𝐴 is normal, meaning that there exists such an 𝑥0 where 𝜇𝐴(𝑥0) = 1 

2. 𝜇𝐴 is fuzzy convex, meaning 𝜇𝐴(𝑡𝑥 + (1 − 𝑡)𝑦) ≥ min{𝜇𝐴(𝑥), 𝜇𝐴(𝑦)} for every 

𝑡 ∈ [0, 1], where 𝑥, 𝑦 ∈ ℝ 



 10 

3. 𝜇𝐴 is upper semicontinuous on ℝ, meaning for every 𝜀 >  0 exists a 𝛿 >  0 such that 

𝜇𝐴(𝑥) − 𝜇𝐴(𝑥0) < 𝜀, |𝑥 − 𝑥0| < 𝛿 

4. 𝜇𝐴 is compactly supported, meaning that the set {𝑥 ∈ ℝ; 𝜇𝐴(𝑥) >  0} is bounded 

(Bede, 2013) 

Triangular fuzzy numbers (TFN) are a special subset of fuzzy numbers. A triangular 

fuzzy number denoted as 𝑇(𝑙, 𝑚, 𝑟) with parameters 𝑙, 𝑚, 𝑟 ∈ ℝ, 𝑙 ≤ 𝑚 ≤ 𝑟 has the 

following membership function: 

𝜇𝑇(𝑥, 𝑙,𝑚, 𝑟) = {

𝑥−𝑙

𝑚−𝑙
, 𝑖𝑓  𝑙 < 𝑥 ≤ 𝑚

𝑥−𝑟

𝑚−𝑟
, 𝑖𝑓  𝑚 < 𝑥 < 𝑟

0,           𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

    (1) 

(Benítez et al., 2007) 

Triangular fuzzy number 𝑇(𝑙,𝑚, 𝑟) can be regarded as one representation of the 

linguistic term “x is approximately equal to b”. TFN-s are of great use in this research, as 

data regarding the expectations and perceptions of passengers can be gathered in the form 

of TFN-s, or more specifically in the form of TFN parameters 𝑙, 𝑚, and 𝑟.  

An important note here is that using these inputs there are many ways to construct 

fuzzy numbers, that is, many different functions could be used between the 𝑙, 𝑚 and 𝑟 

values, leading to nontriangular fuzzy number representations. Flexible fuzzy numbers 

(Dombi & Jónás, 2021), for example, utilize the properties of the kappa function with an 

additional 𝜆 parameter as a membership function to represent different levels of uncertainty 

around 𝑚: 

𝜇(𝑥, 𝑙, 𝑚, 𝑟, 𝜆) =

{
 
 

 
 

1

1+(
𝑚−𝑥

𝑥−𝑙
)
𝜆 , 𝑖𝑓 𝑙 < 𝑥 ≤ 𝑚

1

1+(
𝑟−𝑥

𝑥−𝑚
)
−𝜆 , 𝑖𝑓 𝑚 < 𝑥 < 𝑟

0        , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

     (2) 

The 𝜆 parameter allows for the creation of bell-shaped membership functions when 

𝜆 > 1 that emphasize (give higher degree of membership) to values around m, and „reverse” 

bell-shaped membership funcions when 1 > 𝜆 > 0 that emphasize extreme values too. In 

this research setting this would mean either the emphasis or the diminishment of minimal 

and maximal expectations and perceptions indicated by respondents. None of these is a 

particular goal of this paper, however, therefore TFN-s are used, which also correspond to 

the usage of flexible fuzzy numbers with 𝜆 = 1. 
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As our data is to take the form of TFN-s, we must examine their properties regarding 

relevant operations, so that we can later execute calculations on them. The most relevant 

operation in this setting is taking weighted average of multiple TFN-s, which is necessary 

in order to aggregate them. The definition of the 𝛼-cut of a fuzzy set is a prequisite to 

defining this operation. 

The 𝛼-cut of a TFN denoted 𝑇(𝑙,𝑚, 𝑟) is defined as the following interval (where 𝛼 ∈

(0, 1)): 

𝑇𝛼 = [(𝑚 − 𝑙)𝛼 + 𝑙, (𝑚 − 𝑟)𝛼 + 𝑟)]   (3) 

(Lupo, 2013b). This can be worded as the widest possible subset of the universe 𝑋 where 

each element has a higher or equal level of membership in 𝑇 than 𝛼. Using this definition, 

the proposition can be put forward that with TFN-s 𝑇(𝑎1, 𝑏1, 𝑐1), 𝑇(𝑎2, 𝑏2, 𝑐2),…, 

𝑇(𝑎𝑛, 𝑏𝑛, 𝑐𝑛) where 𝑎𝑖 < 𝑏𝑖 < 𝑐𝑖 and 𝑖 = 1,2, … , 𝑛, 𝑛 ≥ 1 and with weights 

𝑤1, 𝑤2, … , 𝑤𝑛 ∈ [0, 1], ∑ 𝑤𝑖
𝑛
𝑖=1 = 1, a triangular fuzzy number 𝐴(𝑎, 𝑏, 𝑐) can be 

constructed, the three parameters being 

𝑎 =∑𝑤𝑖𝑎𝑖

𝑛

𝑖=1

,        𝑏 =∑𝑤𝑖𝑏𝑖

𝑛

𝑖=1

,        𝑐 =∑𝑤𝑖𝑐𝑖

𝑛

𝑖=1

 

Here it is true that for every 𝐴𝛼 𝛼-cut of this TFN 

𝐴𝛼 = ∑ 𝑤𝑖𝐴𝛼,𝑖
𝑛
𝑖=1       (4) 

where 𝐴𝛼,𝑖 denotes the 𝛼-cut of the TFN 𝑇(𝑎𝑖 , 𝑏𝑖, 𝑐𝑖), where 𝑖 = 1,2, … , 𝑛 and  𝛼 ∈ (0,1). 

This is proven by Dombi and Jónás (2021) to the broader set of flexible fuzzy numbers, and 

they also show that TFN-s are a subset of flexible fuzzy numbers. Capitalizing on this 

proposition, we can interpret the weighted average of triangular fuzzy numbers as a TFN 

constructed with parameters calculated as the weighted average of the respective parameters 

of our analyzed set. 

In order to perform a fuzzy gap analysis, that is, an analysis of the fuzzy 

representations of the gap 5 values, a clear definition of the difference of two fuzzy numbers 

is needed. Klir and Yuan (1995) define the 𝛼-cut of fuzzy set 𝐴 ∗ 𝐵 (denoted as (𝐴 ∗ 𝐵)𝛼) 

as  

(𝐴 ∗ 𝐵)𝛼 = 𝐴𝛼 ∗ 𝐵𝛼     (5) 

where 𝛼 ∈ (0,1] and ∗ represents any of the four basic arithmetic operations, with the 

additional remark that 0 ∉ 𝐵𝛼 is required for every 𝛼 ∈ (0,1] when (∗) represents (/). They 

also define addition and substraction on intervals as follows: 

[𝑎, 𝑏] + [𝑑, 𝑒] = [𝑎 + 𝑑, 𝑏 + 𝑒]    (6) 
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[𝑎, 𝑏] − [𝑑, 𝑒] = [𝑎 − 𝑒, 𝑏 − 𝑑]    (7) 

They also show that the result of these operations (in equation (5)) is also a fuzzy 

number. Using these definitions, it can be shown that the sum of TFN-s 𝐴(𝑙𝑎,𝑚𝑎, 𝑟𝑎) and 

𝐵(𝑙𝑏 ,𝑚𝑏 , 𝑟𝑏) is also a TFN, with parameters  

𝐴 + 𝐵 = 𝐶(𝑙𝑎 + 𝑙𝑏 , 𝑚𝑎 +𝑚𝑏 , 𝑟𝑎 + 𝑟𝑏)    (8) 

and so is their difference, with parameters 

𝐴 − 𝐵 = 𝐷(𝑙𝑎 − 𝑟𝑏, 𝑚𝑎 −𝑚𝑏 , 𝑟𝑎 − 𝑙𝑏)     (9) 

We can see that the 𝛼-cut of the sum (or difference) of two TFN-s is always a wider 

interval than the individual 𝛼-cuts of the two original TFN-s (for a given 𝛼), while the 

middle point 𝑚 of the resulting TFN can always be derived as the sum (or difference) of the 

original middle points. We can interpret this as the uncertainty of the result being close to 

the newly computed middle point growing with each consecutive operation. When 

computing fuzzy gap values, we can observe and analyze this growth in uncertainty, while 

this would not be possible with a traditional, crisp gap value analysis. 

3.2. FUZZIFICATION AND DEFUZZIFICATION 

As seen time and time again in the literature, the use of a fuzzy-linguistic scale is a popular 

method to generate fuzzy numbers from the expectations and perceptions of respondents. 

However, the use of predetermined fuzzy numbers tied to each value of the Likert scale can 

be arbitrary, as the perception of the respondent of what a given linguistic value represents 

can significantly differ from the predetermined values both generally, and between the 

different investigated attributes (Árva et al., 2019), and arguing in favor of the exact used 

membership funcion is difficult, especially in the case of linear membership functions (Chou 

et al., 2011).  

To overcome this issue, the methodology used in this paper provides respondents 

more freedom to express their expectations and perceptions, giving them a higher influence 

on the way their opinions are translated into fuzzy values. In line with the methodology 

proposed by Tóth et al. (2019), respondents were asked to answer each of the service quality 

perception related questions with three separate values on a 10 point discrete scale, ranging 

from the worst possible to the best possible performance. The three values they had to 

indicate were, in order, the lowest perceived level, the general experience, and finally the 

highest perceived level of performance. The same method was used when assessing 

expectations, with respondents asked to indicate the lowest acceptable, average expected 

and highest realistically expectable values on the same scale. These values served as the 
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above mentioned input parameters 𝑙, 𝑚, and 𝑟 used to formulate triangular fuzzy numbers. 

The advantage of this approach is that respondents are able to express both their uncertainty 

and the variability in service quality expectations and performance in a more precise and 

quantifiable way (Tóth et al., 2019). 

Although the collection of fuzzy data makes it possible to gain deeper insights into 

the uncertainty and variability associated with service quality, the direct statistical analysis 

of fuzzy numbers is complicated and outside of the scope of this research. Additionally, 

crisp gap 5 values can be compared, weighted and interpreted with the ultimate goal of 

decision making much easier than their fuzzy counterparts (although fuzzy gap values are 

also analyzed in this paper). This makes the process of defuzzification necessary once the 

fuzzy expectation and perception values have been aggregated and evaluated, so that the 

following statistical and gap analysis can be carried out.  

There are several defuzzification techniques, that is, techniques to convert fuzzy 

numbers into crisp values in the literature. These range from more complex techniques, such 

as the graded mean integration representation method utilized by Chou et al. (2011) to less 

computationally challenging approaches such as that utilized by Benítez et al. (2007). 

Ultimately, when computing crisp values from triangular fuzzy numbers that can be defined 

with parameters 𝑙, 𝑚, and 𝑟 as seen above, most of the possible defuzzification methods can 

be simplified into taking a weighted average of these parameters, sometimes giving 

parameter 𝑚 a slightly higher weight ( 
4

6
 in the case of the first, and 

1

2
 in the case of the 

second mentioned method). In this paper, both for simplicity and in order to best represent 

the levels of volatility in service quality indicated by respondents, a simple centroid method 

is used. This is based on the idea of visualizing fuzzy number 𝐴 with its membership 

function as a plane figure, and using the 𝑥 coordinate of its centroid point to represent it 

with a crisp number. For a TFN, it can be easily shown that we can calculate this crisp value 

as follows: 

𝑥0(𝐴) =
1

3
 (𝑙 + 𝑚 + 𝑟)    (10) 

where 𝑥0 represents the sought x coordinate (Wang et al., 2006). 

3.3. MODIFIED SERVQUAL MODEL 

As seen before, in the relevant literature most studies use a modified version of the 

SERVQUAL approach. This is because the original model is very general, developed for a 

wide range of industries, and an adaptation for a specific research setting is not only 
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possible, but suggested by the original authors as well (Parasuraman et al., 1988). Many of 

these adaptations (including this paper) keep the five dimensions of the original scale, and 

tailor the specific attributes (along with the number of attributes per dimension) to the 

assessed sector, together with the occasional addition of one or two sector-specific 

dimensions (Chou et al., 2011; Kokku et al., 2011; Mikhaylov et al., 2015). However it is 

worth noting that a complete restructuring of the dimensions and attributes can be a 

beneficial approach as well, as seen in the research of Lupo (2013b). 

When designing the questionnaire for this paper, a number of factors were taken into 

consideration. The original SERVQUAL scale was used as a framework with five 

dimensions as described by Parasuraman et al. (1988). The number of attributes belonging 

to each of these dimensions, however, were reduced significantly. In the case of some 

attributes under Responsiveness and Assurance this is a more frequently used practice 

(Mikhaylov et al., 2015; Kokku et al., 2011; Lupo, 2013b), as some of the employee 

behaviour related questions in the original instrument are significantly less applicable to 

public transport than in other industries. 

Further attributes were removed due to concerns about the excessive length of the 

questionnaire: while the original instrument along with most of the reviewed literature 

investigates 22 attributes, adding up to 44 questions altogether, with the proposed 

methodology of this paper a similar questionnaire would require 132 values to be indicated 

by each respondent, not counting demographic related information. A survey of this length 

could lead to respondents losing interest and considering each question less, especially as 

the survey was conducted in a less committed environment, completely online. As the goal 

of the methodology is to give respondents the ability to express more complex opinions, 

their level of interest and consideration are of vital importance with regards to the results of 

this research, rendering a shorter survey maintaining a certain level of attention necessary. 

For these reasons, altogether 10 attributes were determined, two in each dimension of 

service quality.  When choosing which questions to include several of the above cited papers 

were considered together with some additional sources with a more similar setting 

(Mikhaylov et al., 2015; Hussain et al., 2018; Lupo, 2013b; Kokku et al., 2011; Imam, 2014; 

Borbás, 2022, Khademi–Vidra et al., 2024), selecting the more frequently appearing 

attributes investigated by these papers, and also those that are most applicable to the setting 

of Budapest. All the questions were slightly rephrased and translated, as the survey was 

conducted in Hungarian. The attributes used by Mikhaylov et al. (2015) can be seen on 

Figure 3 showing the results of their research, as an example source for the design of this 
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paper’s questionnaire. Additionally, in Table 1 the structure of service quality used in this 

research is visible, broken down into investigated dimensions and service attributes. The 

last section of the survey, assessing demographic information, was also constructed based 

on the studies above, collecting the most important demographic characteristics for this 

industry. The entire survey is available in appendix 1. 

 

 

Figure 3: Influence of individual factors on the total assessment of the service quality 

of public transport in Kaliningrad 

Source:  Mikhaylov et al. (2015, p. 4) 

Explanation: The figure shows the 5 main dimensions and the 22 attributes utilized by 

Mikhaylov et al. (2015) to develop their questionnaire. This figure also serves as an 

example to demonstrate a questionnaire developed in the SERVQUAL framework. 
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3.4. DERIVING THE WEIGHTED MODEL 

When conducting a weighted SERVQUAL research (which is a goal of this paper), the re-

searcher must collect information on the level of importance of each service quality attri-

bute. These importance levels are then (sometimes in a normalised form) applied as scalars 

to the gap values of the unweighted model, amplifying the gaps corresponding to more im-

portant attributes while diminishing those of less important attributes.  

As explained above, papers conducting a weighted SERVQUAL analysis either 

collect stated importance values from participants of the questionnaire or derive these values 

by more complex statistical means. In this paper, because the weighted gap analysis was 

conducted after survey responses were already collected, the average expectation values 

indicated by respondents regarding the different service quality attributes were also used as 

weights, in a normalised form. This simplication can be justified by the proposition that, 

based on the exact wording of the questions, respondents can interpret the expectation scales 

in many ways, including as a means to express the importance of each attribute (Ojo & 

Adom, 2017). As the questions regarding the minimally and maxially expectable level of 

service attributes are more explicitly connected to the expectation level of respondents, only 

their average expectations (the 𝑚 values for the expectation TFN-s) are used to formulate 

the weight values. It is worth noting that while the rankings of respondents’ expectations 

toward attributes and their stated importances are often in close relation to one another 

(Chou et al., 2011), the proposition that respondents rank attributes based on expectations 

and importances the same way is not well founded in the general literature, and the method 

of using expectation values as weights is unideal and primarily deployed due to resource 

constraints. 
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Table 1: Dimensions and attributes of service quality used for the construction of the 

questionnaire for this paper 

Dimension D1:  

Tangibles 

D2: 

Reliability 

D3: 

Responsi-

veness 

D4: 

Assurance 

D5: 

Empathy 

Attributes A11: 

Modern, up-to-

date vehicles 

A21: 

Accurate and 

accessible in-

formation on 

schedules 

A31: 

Employees 

willing and 

ready to help 

A41: 

Ability to pro-

vide safety on 

board 

A51: 

Optimal design 

of public 

transport net-

work 

A12: 

Clean and 

comfortable 

travel conditi-

ons 

A22: 

Adherence to 

schedules 

A32: 

Fast and 

appropriate 

reaction to un-

foreseen comp-

lications 

A42: 

Polite and 

trustworthy 

employees 

A52: 

Capability of 

serving the 

specific needs 

of customers 

Source: Own research 

3.5. POTENTIAL WEAKNESSES OF THE METHODOLOGY 

Although the proposed methodology addresses a number of previously mentioned frequent 

shortcomings of service quality assessment techniques, it is not without its own weaknesses 

that are worth mentioning.  

The fuzzification of respondents’ opinions through asking three separate input values 

for each service attribute might yield a more accurate representation of their feelings than 

fuzzy-linguistic scales, but the length and complexity of the questionnaire are significantly 

increased as a result. The increased complexity could lead to a lower level of valid responses 

and a lower level of responses that truly represent the exact opinions of respondents as well, 

while the increased length necessitates a reduction in the number of investigated attributes. 

This is of such a level that the validity of the results when talking about overall service 

quality neeeds to be questioned: with such few attributes the quality of the overall service 

might not be coverable. Additionally, implementing the AHP method to measure 

expectations or applying a weighted SERVQUAL approach collecting information on stated 

importance might lead to more relevant results, however these would complicate the 

completion of the survey even further. Applying factor analysis or utilizing structural 

equation models to determine weight values would also elevate the trustworthiness of the 

model, but these require statistical tools outside the scope of this research. 
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The implementation of a „calibration phase” like we can see in the research of Árva 

et al. (2019) where a subset of the respondents is questioned separately in order to determine 

the fuzzy numbers that the linguistic values on a fuzzy-linguistic scale should represent 

could significantly shorten the questionnaire. However such a research requires more 

preparation, and significantly more investment on the part of the respondents calibrating the 

scale as well.  

As the result of these limitations, this paper should be treated more as an example of 

how this specific methodology might be applied in the field and less as a representative 

analysis of service quality. This is also due to the method of data collection and the resulting 

disproportionate representations of socio-demographic characteristics, which are discussed 

in the following chapter. 
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4. PRESENTING THE RESULTS 

4.1. GENERAL CHARACTERISTICS OF THE SURVEY 

The survey was conducted between May 13th and May 30th in 2024, during which period 

a total of 32 respondents filled it out correctly, with an additional 6 incorrectly completed 

surveys. These 6 were filled out in a way that the three values given for some of the attributes 

were not always monotonically increasing, meaning that some average expectations or per-

ceptions were lower than their minimal counterpart, or the highest expectable or perceived 

performance was indicated as lower than average. In accordance with equation (1) and the 

definition of triangular fuzzy numbers, equality between 𝑚 and any (or both) of the two 

other values was allowed, however the above explained behavior led to the answer being 

treated as invalid. In some cases, there were only a few values not in line with the rules of 

filling out the questionnaire suggesting that these errors were due to mistakes on the res-

pondent’s part, while in other cases the excessive number of errors suggested that these 

respondents either did not understand the rules or were not invested enough to follow them. 

The following analyses were conducted only on the valid, correctly filled out surveys. 

The survey was conducted entirely online through social media posts between friends, 

acquaintances, and those interested in Hungarian public transportation. A random sampling 

method would have been more suitable in order for the results to be representative of the 

population, but this was not possible due to resource limitations. As a result, conclusions to 

the whole population cannot be made on the basis of this sample, and as discussed before, 

this research serves more as an example of the application of the methodology. 

The survey was conducted using Google Forms, as a more complex tool was not 

needed to construct the questionnaire. Introducing a functionality that ensures that 

respondents are unable to give invalid answers might have boosted the number of valid 

responses, however such a functionality would have hidden the problems most likely arising 

from the complexity and length of the questionnaire, or the ambiguous wording of the 

instructions. Analysis on the data was carried out using Microsoft Excel and SPSS Statistics, 

which together were suitable to handle and provide insights into the data, as well as create 

the necessary graphs and tables for the analysis. 

4.2. PRESENTING THE SAMPLE 

As the first step of the analysis, the sample composition of the research is presented based 

on more general socio-demographic factors, as well as more specific characteristics relevant 
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regarding opinions on public transport. Only individuals who travel by public transport in 

the capital on some level of regularity were asked to fill out the questionnaire. 

Out of the 32 valid responses 20 (62.5%) were given by female respondents, while 

only the remaining 12 individuals were male (37.5%). When dividing the sample by age 

groups, we can see that a majority of the respondents fell in the 18–29 years age range, 

while the age groups of 30–39 and over 69 years were underrepresented. There were no 

respondents under 18 or in the 60–69 age range.  

As seen on figure 4, a majority of respondents (59.38%) travel almost every day using 

public transportation, and altogether more than 80% of respondents travel at least multiple 

times a week, meaning that their opinions on public transportation services are relevant, as 

they are generally aware of the quality of the services provided. 

 

Figure 4: Public transport usage frequency of respondents 

Source: Own research 

 

Around one third (37.5%) of respondents travel between half and one hour on an ave-

rage day, while a similar portion of them (31.25%) travel between one and 1,5 hours daily. 

Altogether these two groups make up almost two thirds of the sample, while individuals 

with average travelling times outside this range constitute to a minority. Proportions of daily 

travel time groups in the sample can be see on figure 5. Exactly half of the respondents 

reported owning a car. 
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Figure 5: Time spent on public transportation on an average day 

Source: Own research 

 

4.3. GAP ANALYSIS 

After reviewing the demographics, the expectation–perception gaps can be investigated de-

eper based on the results presented in tables 2 and 3. Table 2 shows each of the service 

quality dimensions and attributes assessed (further explained in Table 1 and in appendix 1 

showing the full questionnaire), along with the fuzzy expectation and perception values as-

sociated with them. The fuzzy values for the attributes were calculated the same way a TFN 

was calculated for equation (4), with weights of  
1

𝑛
 for each parameter of each TFN, 𝑛 being 

the sample size of 32. Therefore, the values within the brackets represent the arithmetic 

mean of 𝑙, 𝑚, and 𝑟 values given by respondents for each of the attributes both in terms of 

expectations and perceptions, in this order. 

Alongside, fuzzy representations of gap 5 values are shown, calculated in accordance 

with equation (9), showing the differences between their corresponding expectation and 

perception values. It is worth noting that in the relevant literature there are examples of gap 

5 values being calculated both as expectations deducted from perceptions and vice versa; 

this paper uses the latter approach, meaning that a positive gap value shows expectations 

outweighing perceptions, so the higher a positive gap value is, the more the service is lac-

king in the given attribute of service quality.  
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As for the interpretation of the fuzzy gap values, we can derive from the calculation 

method that its first parameter (l) represents the amount by which maximal performance 

perception outweighs minimal expectations towards this attribute in the case of a negative 

value (which all 𝑙 parameters of gap values are), its 𝑚 parameter tells us how the average 

expectations outweigh the average perceptions, while its 𝑟 parameter shows how the maxi-

mal expectable level of performance outweighs the minimal perceived level. We can interp-

ret these three numbers as representing gap values for „best-case”, average and „worst-case” 

scenarios accordingly. For example, when a passenger possesses a minimal level (according 

to our respondents) of expectations towards an attribute, and meets with the highest level of 

performance that our service can provide in that regard (again, according to respondents), 

then the gap this passenger perceives in this ideal scenario between their expectations and 

perceptions is going to be the first parameter of this fuzzy representation. Along the analysis 

the „spread” of these fuzzy numbers is also mentioned several times, which here just means 

the difference between the 𝑙 and 𝑟 parameters. 

In tables 2 and 3 (and later in table 4 as well) the highlighted values for the dimensions 

are calculated as an average of the values for the two attributes in the corresponding dimen-

sion in the case of the fuzzy numbers, pure numbers and Gap 5 values as well, representing 

respondents’ average opinions regarding the entirety of the dimension. This method of ave-

raging is in line with the practice suggested by the authors of the original SERVQUAL 

instrument. 

In table 3, the defuzzified expectation, perception and gap 5 values are presented, 

calculated in accordance with equation (10), based on their corresponding fuzzy number 

equivalents. Gap 5 values show the differences between the pure number representations of 

expectations and perceptions. The last „Rank” column indicates the order of gap values, 

rank 1 representing the highest observed gap. The column displays two separate rankings, 

one for the service quality attributes (ranks 1 through 10) and one for the dimensions (ranks 

(1) through (5)). These rankings are especially useful later, when the comparison with the 

weighted model is made. 

To aid the analysis, one-sample T-tests were conducted and confidence intervals with 

5% level of significance were set up for all the gap values presented in Table 3. It is import-

ant to emphasize that the applicability of confidence intervals lies on crucial assumptions, 

some of which cannot be made in this setting. Although the relatively large sample size 

(over 30) means that the sampling distribution of the sample mean can be regarded as app-

roximately normal, the nonrandom sampling method means that the confidence intervals 
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should not be generalized to the whole population, as they could be biased. This precaution 

is extendable to the following statistical analyses as well, namely the independent samples 

T tests and correlations, that will be discussed in later chapters. Calculations for these con-

fidence intervals can be seen in appendix 2. The p values visible are always regarding the 

null hypothesis that the mean of the observed gap values (sample mean) is equal to 0. The 

overwhelming majority of these p values (with the exeption of one of the attributes shown 

as Q10gap, which indicates the gap value for A52) is lower than a 5% level of significance, 

suggesting the rejection of the null hypothesis and the existence of a positive gap value. 

 

Table 2: Fuzzy expectation, perception and fuzzy gap values 

Dimension Attribute Fuzzy Expectation Fuzzy Perception Fuzzy Gap 5 

D1: Tangibles  (5.23,7.08,8.94) (3.89,5.91,7.55) (-2.31,1.17,5.05) 

 A11 (4.50,6.66,8.78) (4.09,6.16,7.63) (-3.13,0.50,4.69) 

 A12 (5.97,7.50,9.09) (3.69,5.66,7.47) (-1.50,1.84,5.41) 

D2: Reliability  (6.66,7.97,9.17) (4.77,6.91,8.53) (-1.88,1.06,4.41) 

 A21 (7.03,8.22,9.28) (5.06,7.16,8.59) (-1.56,1.06,4.22) 

 A22 (6.28,7.72,9.06) (4.47,6.66,8.47) (-2.19,1.06,4.59) 

D3: Responsi-

veness 

 (5.67,7.25,8.77) (3.78,5.73,7.36) (-1.69,1.52,4.98) 

 A31 (6.06,7.53,8.94) (3.78,5.91,7.75) (-1.69,1.63,5.16) 

 A32 (5.28,6.97,8.59) (3.78,5.56,6.97) (-1.69,1.41,4.81) 

D4: Assurance  (6.33,7.75,9.06) (3.64,5.80,7.58) (-1.25,1.95,5.42) 

 A41 (6.72,8.06,9.09) (3.56,5.59,7.31) (-0.59,2.47,5.53) 

 A42 (5.94,7.44,9.03) (3.72,6.00,7.84) (-1.91,1.44,5.31) 

D5: Empathy  (5.20,6.61,8.06) (4.42,5.94,7.30) (-2.09,0.67,3.64) 

 A51 (6.00,7.31,8.69) (4.97,6.63,8.25) (-2.25,0.69,3.72) 

 A52 (4.41,5.91,7.44) (3.88,5.25,6.34) (-1.94,0.66,3.56) 

Source: Own research 

Explanation: Aggregated fuzzy expectation and perception values for the investigated 

service quality dimensions and attributes along with fuzzy gap values calculated accor-

ing to equation (9). Further explanation on the individual attributes can be seen in Table 

1 or in the full questionnaire in appendix 1. 
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Table 3: Defuzzified expectation, perception and gap values with gap value ranking 

Dimension Attribute  Expectation Perception Gap 5 Rank 

D1: Tangib-

les 

  7.08 5.78 1.30 (3) 

 A11  6.65 5.96 0.69 10 

 A12  7.52 5.60 1.92 2 

D2: Reliabi-

lity 

  7.93 6.73 1.20 (4) 

 A21  8.18 6.94 1.24 6 

 A22  7.69 6.53 1.16 7 

D3: Res-

ponsiveness 

  7.23 5.63 1.60 (2) 

 A31  7.51 5.81 1.70 3 

 A32  6.95 5.44 1.51 5 

D4: As-

surance 

  7.71 5.67 2.04 (1) 

 A41  7.96 5.49 2.47 1 

 A42  7.47 5.85 1.61 4 

D5: Empathy   6.63 5.89 0.74 (5) 

 A51  7.33 6.61 0.72 9 

 A52  5.92 5.16 0.76 8 

Source: Own research 

Explanation: Defuzzified values of aggregated expectation, perception and gap 5 fuzzy 

numbers. The „Rank” column indicates the order of gap values, from highest to lowest, 

separately for the dimensions (in parantheses) and attributes. 

 

In terms of the gap values themselves, we can observe the relevant differences on 

figure 6, depicting the expectations–perceptions gap for each of the attributes, while the 

expectations and perceptions themselves can be seen on figures 7 and 8 respectively, in 

descending order.  
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Figure 6: Attribute gap values colored by dimension 

Source: Own research 

Explanation: Gap 5 values of investigated attributes in descending order. Attributes are co-

lored according to the dimension they belong to. 

 

A41 shows by far the biggest gap, suggesting that the ability of the public transport 

service providers to provide safety on board of their vehicles is the most lacking attribute 

between the ones investigated. This is both due to the high level of expectations in this 

regard (2nd highest overall) and to the low level of perceived safety, which is the third lowest 

out of all the attributes. Additionally, exploring the fuzzy values we can observe that both 

the expectations and perceptions regarding this attribute show a higher likelihood of being 

lower than the average values marked by respondents, as the 𝑚 parameters of the fuzzy 

numbers are more distant from the 𝑙 than the 𝑟 parameters in both cases. The fuzzy gap 

value indicates that maximal perceived perceptions just barely outweigh the minimal ex-

pectations towards safety, but both the average gap and the „worst-case scenario” gap, that 

is, the gap between the highest expectable and lowest perceived level of performance, are 

the highest of all the attributes. Considering a confidence interval at the 5% level of sig-

nificance, we can observe that A41 is one of the only two attributes (along with A12) for 

which the gap value is significantly higher than one. Based on all these results, safety seems 

to be a crucial attribute in need of managerial attention. 
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Figure 7: Average expectations colored by dimension 

Source: Own research 

Explanation: Average expectation values for attributes in decreasing order, colored by di-

mension. 

 

The following three highest gap values correspond to attributes (A12, A31 and A42) all 

in the middle field both in terms of expectations and perceptions, being the 4th, 5th and 6th 

highest in the former, and 4th, 5th and 6th lowest in the latter respectively, in terms of de-

fuzzified values. However, when we look at the fuzzy equivalents of these numbers, we can 

observe that although the numbers representing expectations are fairly symmetrical 

(meaning that their three parameters are of roughly equal distance to each other), the per-

ception scores show a higher variability from the average perceived value in the negative 

direction, similarly to the previously discussed attribute A41. Fuzzy gap values show that 

the „worst-case scenario” perceived gap levels for these attributes are still over 5, which, on 

a 10 point scale, is quite considerable, while „best-case scenario” gap values are still below 

2 (in absolute value), showing that the highest perceived performance is still not much better 

than the lowest expectable level. The spread of these fuzzy gaps, that is, the distance bet-

ween worst and best case scenarios is also relatively high, at 3th, 4th and 2nd highest respecti-

vely, suggesting a high volatility of user experiences. These attributes correspond to the 
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questions regarding clean and comfortable travel conditions, as well as the helpfulness, po-

liteness and trustworthiness of employees. 

 

Figure 8: Average perceptions colored by dimension 

Source: Own research 

Explanation: Average perception values for attributes in decreasing order, colored by di-

mension. 

 

Attribute A32 should be considered between these as well, as it shows a higher-than-

average gap and displays a similar pattern regarding its fuzzy perceptions. It is interesting 

to note however, that this attribute, measuring opinions on fast and appropriate reactions of 

the service provider to unforeseen complications, is the third lowest both in terms of expec-

tations and perceptions when assessing the crisp values. This indicates that although pas-

sengers already expect a relatively low level of performance in this regard, their expectati-

ons are still not met. Fuzzy gap values show that when the lowest expectations meet the 

highest performance, similarly to the previous three, an absolute gap value of 2 is still not 

reached, the „worst-case” gap however is slightly improved compared to those three, as it 

shows a gap of just over 4.8. As all these four gap values observed are still relatively high, 

the service provider needs to look into these factors, as they influence the consumer percep-

tion of the overall service quality significantly. 
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Dimensions D2 and D5 (reliability and empathy) colored yellow and purple respecti-

vely, show lower gap levels across their attributes. In the case of D2, we can observe that 

while the expectations regarding these attributes are generally high (1st and 3rd highest), the 

perceptions of the level of perceived performance in these areas (namely information avai-

lability and adherence to schedules) follows closely with similarly high rates. Fuzzy rep-

resentations of the scores show the previously observed pattern of a higher likelihood of the 

service performance differing from the middle value in the negative direction. Fuzzy gap 

analysis reveals that while all fuzzy gap values are slightly skewed to the right (meaning 

that the average experience is more likely to deviate towards the worst-case scenario), A21 

displays this on the highest level. Based on all this information we can propose that the 

adherence to—and availability and accuracy of schedules is not an outstandingly acute prob-

lem that needs immediate managerial action, but the higher tendency of worse-than-average 

user experiences should be looked into in the future. 

In the case of D5 attributes, it is clearly visible that the expectations of customers are 

generally on the lower side regarding empathy. In the case of A51 this is paired with the 

second highest perceived performance level between the attributes, which together lead to 

a low gap value. On the contrary, A52 shows the lowest level of perceived performance, 

suggesting that the only reason for the low gap value is the unusually low customer expec-

tations towards this attribute, the capability of the service provider to cater to specific cus-

tomer needs. This is understandable, as the role of a public transport service provider is 

generally less to serve these specific customer needs, and more to provide value to the the 

customer base as a whole. It is also worth noting that the 95% confidence interval for the 

gap values shows that this gap is the only one not statistically different from 0 (even though 

it is only the third lowest), so we cannot state that there is a significant dissatisfaction regar-

ding this attribute. The fuzzy numbers for these attributes show relative symmetry both in 

terms of expectations and perceptions. When analizing their fuzzy gap values, we can 

observe the first and third lowest spreads between best-case and worst-case gaps suggesting 

a relatively low volatility in user experiences, together with the lowest gap values for worst-

case scenarios and best-case gaps of around -2, that can be considered better than average. 

A11, the attribute assessing the need for—and presence of modern and up-to-date ve-

hicles shows the lowest gap level. We can see that the expectations regarding this attribute 

are relatively low, while the perceived performance of the service provider in this regard is 

relatively high, which leads to an overall low gap. Although this low level suggests that this 

attribute is not the most relevant problem regarding overall service quality, it is worth noting 



 29 

that the fuzzy perception of this attribute shows a significantly higher difference between 

the lowest and the average perceived performance, than between the average and the highest 

level. This indicates that although the average perception seems to be close to meeting cus-

tomer expectations, most customers have experienced unusually low levels of performance 

in this area at some point. This idea is further backed by the fact that the fuzzy gap value is 

skewed to the right, and displays the highest spread among fuzzy attribute gaps.  

Taking a closer look at the dimensional gaps, D4, assurance, seems to exhibit the hig-

hest discrepancies between customer expectations and perceptions with an average gap va-

lue of 2.04 between its attributes. This is both due to the 2nd highest level of expectations 

between the dimensions and the 2nd lowest level of perceived performance. This is the only 

dimension where the gap value is statistically over 1 using a 95% confidence interval, 

which, on a 10-point scale can be considered quite significant. A high gap value for as-

surance indicates that a feeling of safety and trust is not sufficiently evoked in customers by 

neither the environment nor the employees of the service provider. The fuzzy gap rep-

resentation indicates that this is the worst performing dimension in terms of both 𝑙 and 𝑟 

values, also showing the second highest spread between dimensions. Additionally, the fuzzy 

perception representations show that the perceived performance instability is the highest in 

this dimension (the difference between 𝑙 and 𝑟 values), indicating a high volatility in safety 

and trustworthiness perception, which is suboptimal, as these characteristics are generally 

preferred to be stable. 

The dimension of responsiveness (D3) is a somewhat close second with its dimensio-

nal gap value of 1.60. Although the expectations for this dimension are not outstandingly 

large (the crisp value score is just below the grand average for all of the expectations), it 

shows the lowest perception level. As this dimension reflects the ability of employees and 

the service provider to react to and assist with unforeseen situations, this low of a perfor-

mance perception level is alarming. The lower side of its 95% confidence interval is just 

below 1, showing that the gap is of a significant size. The fuzzy gap displays a realtively 

high spread indicating volatility. 

Tangibles and reliability show similar gaps but for differing reasons: while expectati-

ons towards—and perceptions of reliability are both of the highest level between the dimen-

sions, tangibles are average in terms of both of those values. The existence of a gap in re-

liability is therefore mostly due to the high level of expectations, and resources might be 

better focused elsewhere as the performance in this field is already decent compared to other 

dimensions. Analyzing the fuzzy gap supports this idea, as it presents around average 𝑙 and 
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𝑟 values, with a relatively low spread. As already discussed, however, this dimension disp-

lays the highest level of skewness, raising some potential concerns. On the other hand, ta-

king a look at the fuzzy gap of the tangibles dimension reveals that it displays the best of 

the best case scenarios and the second worst of the worst case scenarios at the same time, 

showing the highest spread between dimensions. This indicates an unusually high volatility 

regarding the cleanliness, comfortableness and modernity of vehicles. 

The empathy dimension shows the lowest gap value, considerably lower than all the 

others. This is a common phenomenon in the industry specific literature: empathy is often 

found to be producing relatively lower gap scores. The average expectations towards this 

dimension are the lowest, while the perceived performance is relatively high, resulting in a 

low gap value. The gap however is still statistically higher than 0 with a 95% level of con-

fidence, suggesting that the gap still exists and is statistically significant. Its fuzzy gap shows 

the lowest spread and skewness along dimensions, together with the least negative worst 

case scenarios. 

4.4. WEIGHTED GAP ANALYSIS 

Following the traditional and fuzzy gap analysis, the weighted SERVQUAL model can be 

developed, and, perhaps most importantly, its results can be compared with those of the 

original model. The relevant figures for this process are available in table 4. As discussed 

before, importance weights are derived from the average expectations of respondents. These 

values were normalised (divided by the sum of all average expectations) and then multiplied 

by 10, resulting in importance weights around 1, that are easy to interpret and work with. 

As we are only considering the ranking of weighted values, the multiplication of weights 

with positive constants does not alter the results (even normalisation is not required, but it 

aids the interpretation). Gap 5 values and their rankings are identical to those already seen 

in table 3, while a similar ranking of the newly computed weighted gaps is added. The we-

ighted gaps themselves are the products of corresponding gap 5 and importance values. 

As it is most appropriate to consider rankings when conducting a gap analysis (as 

ordinal data is used), a particularly major point of interest regarding the weighted model is 

if and how it changes the ordering of attribute gap values, along with the order of importance 

between these values.  

The two elements of reliability (adherence to—and availability of accurate schedules) 

are the first and third most important attributes, leading to the dimension of reliability sho-

wing a higher weighted gap than tangibles, contrary to the unweighted model, however, the 
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attributes themselves do not move up in ranking. The second most important dimension is 

assurance, that consists of the second (safety) and sixth (polite staff) most important attri-

butes. This dimension still shows the highest weighted gap level, and its attributes did not 

change ranking either. The only other noteable change is regarding A52, the service provi-

der’s ability to serve specific needs, which is weighed as by far the least important attribute, 

falling two places in gap value ranking, while the former last two attributes move up one 

place each. 

 

Table 4: Normalised importance weight values and comparison of unweighted and we-

ighted gaps 

Dimension Attribute Importance we-

ight 

Gap 5 Rank Weighted Gap 5 We-

ighted 

Rank 

D1: Tangibles  0.97 1.30 (3) 1.26 (4) 

 A11 0.91 0.69 10 0.62 9 

 A12 1.02 1.92 2 1.96 2 

D2: Reliability  1.09 1.20 (4) 1.30 (3) 

 A21 1.12 1.24 6 1.39 6 

 A22 1.05 1.16 7 1.22 7 

D3: Responsi-

veness 

 0.99 1.60 (2) 1.59 (2) 

 A31 1.03 1.70 3 1.74 3 

 A32 0.95 1.51 5 1.44 5 

D4: Assurance  1.06 2.04 (1) 2.16 (1) 

 A41 1.10 2.47 1 2.71 1 

 A42 1.01 1.61 4 1.64 4 

D5: Empathy  0.90 0.74 (5) 0.67 (5) 

 A51 1.00 0.72 9 0.72 8 

 A52 0.81 0.76 8 0.61 10 

Source: Own research 

Explanation: Normalised importance weights derived from average expectations to-

gether with gap values of the unweighted (already seen in Table 3) and weighted models, 

and the dimensional and attribute level rankings for both sets of gap values. 
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The main managerial implication deduceable from the weighted model is that alt-

hough reliability does not display particularly high gap values, its importance level to pas-

sengers is of such a degree that taking action to improve this dimension has to be considered. 

This finding is especially interesting as the conclusion regarding reliability based on the 

unweighted analysis was completely different, belittling the necessity of intervention. 

However, the most important areas of interest are still assurance and responsiveness, or, in 

terms of service quality attributes, safety, cleanliness and comfort, and the willingness of 

employees to help in cases of need. 

4.5. MEAN COMPARISONS 

Based on the demographic data collected and in pursuit of discovering potential connections 

between demographic data and measured expectations and perceptions, a series of indepen-

dent samples T tests were conducted. The difference between the means of expectation va-

lues towards a dimension, as well as perception values with regards to a dimension were 

compared for sample groups derived from demographic characteristics. These groups were 

derived as follows: the prominent age group of 18–29 years old was compared to the group 

of all other respondents; passengers reporting daily use of PT services were compared to 

those travelling less often; and finally those travelling approximately less than an hour daily 

were compared to passengers using PT services for longer commutes. Additionally, mean 

values were also compared based on gender and car ownership status. 

The independent samples T test using the above explained categories was chosen due 

to low sample sizes. Otherwise, an ANOVA analysis eliminating the need to make further 

demographic classifications might have been more appropriate. The nonrandom sampling 

method is a problem in both cases (better explained above) making the results non-genera-

lizable.  

The normality assumption was checked in all cases via the Shapiro–Wilk test and by 

examining Q-Q plots. The null hypothesis of a normally distributed underlying population 

had to be rejected in several cases; consecutively, the independent samples T tests were only 

conducted (and their results were only analyzed) in the cases where normality could not be 

rejected. The equal variances assumption was tested using Levene’s test in all cases, resul-

ting in p values all higher than the 5% level of significance, suggesting that the null hypot-

hesis of equal variances should not be rejected. As we have no prior hypothesis about the 

direction of the relationships, two-tailed p values were considered in each case. 
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All Shapiro–Wilk normality tests, along with independent samples T test tables where the 

normality assumtion was not rejectable can be found in appendix 3. 

When assessing the expectations and perceptions for service quality dimensions based 

on gender, our sample suggests statistically significant differences between expectations 

towards responsiveness and assurance (D3 and D4) at the 5% significance level. Based on 

the mean differences it appears that female respondents tend to indicate higher levels of 

expectations for these dimensions than males. As these are the dimensions showing the big-

gest gap levels, and females are overrepresented in the sample (62.5%) compared to the 

population, we can assume that at least some of the calculated gap level is due to sampling 

error. However, as sampling error affects this very statistic as well, we cannot make definite 

conclusions. 

For age and travel frequency groups we cannot note any significant mean differences 

at the 5%, but not even at a potential 10% significance level. This is true to classification 

based on car ownership status too, which is surprising, as this demographic is often a good 

measure for segmentation in the literature, but the lack of significant mean differences could 

be due to low sample sizes and the unrepresentative sample. It is notable however that the 

lowest p value can be observed for the expectations of assurance (D4) in the case of car 

ownership (0.110), while the second highest p value is visible for the expectations on res-

ponsiveness (D3, 0.234), which, when assessing based on travel frequency groups, is actu-

ally the highest (0.125). Although these p values are too high to make any conclusions, it is 

interesting to see that the expectations towards these dimensions (which are also the most 

lacking dimensions of service quality based on their gap values) seem to be closer related 

to assessed demographic features than other expectations or perceptions. This idea can be 

further supported by investigating the mean difference between the two groups derived from 

the amount of average time spent travelling on PT (these were those travelling less than or 

more than one hour), as the p value calculated for difference between D3 expectations is 

0.124, the lowest one observed. 

4.6. CORRELATIONS 

With the goal of discovering stochastic relationships between expectations and perceptions 

for the different service quality dimensions, a series of Pearson correlation coefficiens were 

calculated. The initial hypotheses set up regarding these were that a higher expectation level 

in one of the dimensions is associated with a higher expectation level across all the other 
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dimensions, and similarly, a higher perception level in one of the dimensions is associated 

with higher perceptions of all the other dimensions.  

Correlations between dimensional expectations were found to be generally strong (all 

correlation coefficients are above 0.65) and all significant even at the 1% significance level. 

This suggests that there is a strong positive relationship between customer expectations for 

the different dimensions, meaning that a higher expectation towards one of them is generally 

associated with higher expectations towards all the others. 

Similar results can be seen addressing customer perceptions at a 5% significance level. 

Although these relationships are more in the moderate range, the results still suggest a mo-

derate positive relationship between the perception of service quality of any two dimensi-

ons. A table containing all the calculated coefficients is visible in appendix 4. 
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5. SUMMARY, CONCLUSIONS AND FOLLOWING RESEARCH 

The goal of this paper was to assess the quality of public transport services in Budapest from 

the point of view of customers, with a novel approach, using a methodology capable of 

quantifying otherwise unmeasurable characteristics. These include volatility regarding the 

service itself and uncertainties within the process of gathering evaluations from customers, 

along with the inherent variable nature of cutomers’ opinions on the quality of service. For 

this purpose, a detailed review of the relevant literature is presented, and a methodology 

combining solutions to different shortcomings of previously utilized methods is proposed. 

A questionnaire in the SERVQUAL framework is developed and is highly adapted both to 

better fit the specific setting and to introduce fuzzy logic, which provides solutions that help 

in reaching the initial goals. Finally, the results of this questionnaire are presented in detail, 

including a crisp value and fuzzy gap analysis, the analysis and implications of a weighted 

model, mean comparisons between identified demographic groups and a brief mention of 

discovered correlations in the data. 

As it is emphazized multiple times in this paper, a nonrandom sampling method was 

used to collect data, and therefore the sample cannot be treated as representative to the whole 

population of public transport users. For this reason, the following conclusions are to be 

interpreted for this sample only. 

With the help of the gap analysis the appropriate gap 5 (expectation–perception gap) 

values were calculated for the five identified dimensions of service quality. All these gap 

values were shown to be positive and significantly different from zero, showing that the 

perceived service quality in Budapest is significantly lower than the expectations regarding 

it. Assurance and responsiveness were shown to exhibit the highest gap values, suggesting 

that the ability of the service provider to invoke a sense of safety and security, along with 

its ability to react to and help with unforeseen complications are lacking. Turning a sharp 

focus towards the improvement of these areas could help the service provider generate a 

higher level of perceived service quality. Reliability, the dimension containing the adhe-

rence to—and the availability of accurate schedules was shown to have a high importance 

weight for passengers, even though its displayed gap values are below average It was also 

shown that women are likely to rate their expectations towards these dimensions higher than 

men, and that a higher expectation or perception for one of the dimensions is associated 

with an increase in the same statistic for all other dimensions as well. 
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Potential critics for both the methodology and the statistical tools utilized were dis-

cussed along the main text. The use of a more direct input system for customers to indicate 

their feelings results in a necessary reduction in the number of investigated service attribu-

tes. It is also visible that the relatively complicated wording and therefore high attention 

demand of the survey lead to a significant level of invalidly submitted answers. Setting up 

an appropriate fuzzy-linguistic scale with the help of a potential preliminary research asses-

sing customers’ perceptions of the linguistic scale itself could be a more appropriate and 

generally more useful methodology, allowing for a full-length SERVQUAL questionnaire 

and simplifying the completion of the survey for most respondents. Gathering data on stated 

levels of importance would lead to a more accurate weighted model, with the (recurring) 

drawback of lengthening the questionnaire. The use of a better sampling method is also 

required in order to make conclusions regarding the whole population. This, combined with 

a higher sample size would lead to a significantly more meaningful statistical analysis. For 

the creation of this paper however these options were not available due to resource limitati-

ons. 

A future study conducted with the above explained methodology and the easily 

observable limitations of this research in mind could unveil a more accurate assessment of 

service quality, and ultimately provide a better understanding of the areas in need of imp-

rovement. 
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APPENDIX 1: IMPLEMENTED QUESTIONNAIRE (HUNGARIAN) 

A budapesti tömegközlekedési szolgáltatás minőségének felmérése 

Kedves Kitöltő! 

Láng Kristóf vagyok, az ELTE GTK pénzügy és számvitel szakos, harmadéves hallgatója. 

Szakdolgozatomban egy újszerű módszerrel vizsgálom a budapesti tömegközlekedés 

minőségét felhasználói visszajelzések alapján. 

A kérdőív kitöltése anonim, körülbelül 10 percet vesz igénybe. Kitöltését előre is köszönöm, 

ezzel nagyban segíti a munkámat. 

 

ELSŐ SZAKASZ 

Az első szakaszban a kérdések egy tömegközlekedési vállalattal kapcsolatos elvárásaira 

vonatkoznak. Az alapján válaszoljon, hogy Ön szerint egy tömegközlekedési szolgáltatónak 

milyen mértékben kellene az adott állításnak megfelelnie. Minden állításhoz három 

különböző 10 fokú skála tartozik, ahol az 1 a lehető legrosszabb, a 10 pedig a lehető legjobb 

teljesítményt jelöli az adott állítással kapcsolatban. Az első skálán jelölje a legkisebb olyan 

szintet, amit elfogadhatónak tart, a másodikon jelölje az általános elvárásainak megfelelő 

számot, míg az utolsón jelölje az Ön szerint maximális elvárható teljesítményt az állítással 

kapcsolatban. Kérem, hogy a minimális elvárásánál ne jelöljön meg alacsonyabb szintet 

általánosként, illetve a maximális elvárása se legyen alacsonyabb az általánosnál! 

 

Egy tömegközlekedési szolgáltató... 

...modern, korszerű járműveket kellene, hogy fenntartson. 

   1 2 3 4 5 6 7 8 9        10 

Legkisebb elfogadható szint 

Általános elvárás 

Legnagyobb elvárható szint 

...tisztaságot és kényelmet kellene, hogy biztosítson a járművein. 

   1 2 3 4 5 6 7 8 9        10 

Legkisebb elfogadható szint 

Általános elvárás 

Legnagyobb elvárható szint 

...pontos és elérhető információt kellene, hogy biztosítson a megállókkal és a 

menetrendekkel kapcsolatban. 

   1 2 3 4 5 6 7 8 9        10 

Legkisebb elfogadható szint 

Általános elvárás 

Legnagyobb elvárható szint 

...a menetrendeket pontosan be kellene, hogy tartsa. 

   1 2 3 4 5 6 7 8 9        10 

Legkisebb elfogadható szint 

Általános elvárás 

Legnagyobb elvárható szint 

...alkalmazottainak segítőkésznek kellene lennie. 

   1 2 3 4 5 6 7 8 9        10 

Legkisebb elfogadható szint 

Általános elvárás 

Legnagyobb elvárható szint 

...gyorsan és megfelelően kellene, hogy tudjon reagálni váratlan problémákra. 

   1 2 3 4 5 6 7 8 9        10 
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Legkisebb elfogadható szint 

Általános elvárás 

Legnagyobb elvárható szint 

...képes kellene, hogy legyen biztonságos környezetet fenntartani a járatain. 

   1 2 3 4 5 6 7 8 9        10 

Legkisebb elfogadható szint 

Általános elvárás 

Legnagyobb elvárható szint 

...alkalmazottainak udvariasnak és megbízhatónak kellene lennie. 

   1 2 3 4 5 6 7 8 9        10 

Legkisebb elfogadható szint 

Általános elvárás 

Legnagyobb elvárható szint 

...járatai és megállói elhelyezkedését optimálisan, a felhasználók érdekeit figyelembe 

véve  

kellene, hogy megtervezze. 

   1 2 3 4 5 6 7 8 9        10 

Legkisebb elfogadható szint 

Általános elvárás 

Legnagyobb elvárható szint 

...a felhasználói különleges igényeit szem előtt kellene, hogy tartsa. 

   1 2 3 4 5 6 7 8 9        10 

Legkisebb elfogadható szint 

Általános elvárás 

Legnagyobb elvárható szint 

 

MÁSODIK SZAKASZ 

A második szakaszban a kérdések a budapesti tömegközlekedéssel kapcsolatos érzéseire 

vonatkoznak.. Az alapján válaszoljon, hogy Ön milyen mértékben ért egyet az állítással a 

budapesti tömegközlekedésre vonatkozóan. Minden állításhoz három különböző 10 fokú 

skála tartozik, ahol az 1 a lehető legrosszabb, a 10 pedig a lehető legjobb teljesítményt jelöli 

az adott állítással kapcsolatban. Az első skálán jelölje a szintet, aminél nem észlelte még 

rosszabbnak, a másodikon jelölje az átlagos tapasztalatainak megfelelő számot, míg az 

utolsón jelölje az értéket, aminél jobbnak még nem tapasztalta a BKK teljesítményét az 

állítással kapcsolatban. Kérem, hogy a minimális értéknél ne jelöljön meg alacsonyabb 

szintet általánosként, illetve a maximális tapasztalata se legyen alacsonyabb az általánosnál! 

 

A BKK (Budapesti Közlekedési Központ)... 

...modern, korszerű járműveket tart fent. 

   1 2 3 4 5 6 7 8 9        10 

Legalacsonyabb észlelt szint 

Általános tapasztalat 

Legnagyobb észlelt szint 

...tisztaságot és kényelmet biztosít a járművein. 

   1 2 3 4 5 6 7 8 9        10 

Legalacsonyabb észlelt szint 

Általános tapasztalat 

Legnagyobb észlelt szint 

...pontos és elérhető információt biztosít a megállókkal és a menetrendekkel 

kapcsolatban. 
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   1 2 3 4 5 6 7 8 9        10 

Legalacsonyabb észlelt szint 

Általános tapasztalat 

Legnagyobb észlelt szint 

...a menetrendeket pontosan betartja. 

   1 2 3 4 5 6 7 8 9        10 

Legalacsonyabb észlelt szint 

Általános tapasztalat 

Legnagyobb észlelt szint 

...alkalmazottai segítőkészek. 

   1 2 3 4 5 6 7 8 9        10 

Legalacsonyabb észlelt szint 

Általános tapasztalat 

Legnagyobb észlelt szint 

...gyorsan és megfelelően tud reagálni váratlan problémákra. 

   1 2 3 4 5 6 7 8 9        10 

Legalacsonyabb észlelt szint 

Általános tapasztalat 

Legnagyobb észlelt szint 

...képes biztonságos környezetet fenntartani a járatain. 

   1 2 3 4 5 6 7 8 9        10 

Legalacsonyabb észlelt szint 

Általános tapasztalat 

Legnagyobb észlelt szint 

...alkalmazottai udvariasak és megbízhatóak. 

   1 2 3 4 5 6 7 8 9        10 

Legalacsonyabb észlelt szint 

Általános tapasztalat 

Legnagyobb észlelt szint 

...járatai és megállói elhelyezkedése optimálisan, az Ön érdekeit figyelembe véve van 

megtervezve. 

   1 2 3 4 5 6 7 8 9        10 

Legalacsonyabb észlelt szint 

Általános tapasztalat 

Legnagyobb észlelt szint 

...az Ön különleges igényeit szem előtt tudja tartani. 

   1 2 3 4 5 6 7 8 9        10 

Legalacsonyabb észlelt szint 

Általános tapasztalat 

Legnagyobb észlelt szint 

 

Demográfiai adatok 

Neme 

• Férfi 

• Nő 

• Egyéb / nem kíván válaszolni 

Kora 

• 18 év alatt 

• 18-29 

• 30-39 
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• 40-49 

• 50-59 

• 60-69 

• 69 év felett 

Milyen gyakran használ tömegközlekedést? 

• Szinte minden nap 

• Hetente többször 

• Havonta többször 

• Ennél ritkábban 

Egy átlagos napon körülbelül mennyi időt tölt tömegközlekedésen? 

• Kevesebb, mint fél órát 

• Fél és egy óra között 

• Egy és másfél óra között 

• Másfél és két óra között 

• Több, mint két órát 

Van-e autója? 

• Igen 

• Nem 

APPENDIX 2: ONE SAMPLE T TESTS 
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APPENDIX 3: NORMALITY AND INDEPENDENT SAMPLES T TESTS 

5.1.1. Based on gender 
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5.1.2. Based on age groups 

 



 VIII 

5.1.3. Based on PT travel frequency groups 

 



 IX 

5.1.4. Based on groups by average time spent on PT 

 



 X 

5.1.5. Based on car ownership status 

 



 XI 

APPENDIX 4: CORRELATIONS 

 


