
 
Journal of Soft Computing and Decision Analytics, Volume 1, Issue 1 (2023) 124-138 

 

124 
 

 

Journal of Soft Computing and 

Decision Analytics 

 

Journal homepage: www.jscda-journal.org   
ISSN: 3009-3481 

 

Assessing Public Transport Supply Quality: A Comparative Analysis of 
Analytical Network Process and Analytical Hierarchy Process  

 

Sarbast Moslem1, *, Hiba Solieman 2, Laila Oubahman 2, Szabolcs Duleba 2,3, Tapan Senapati4 
and Francesco Pilla1 

 
1 School of Architecture Planning and Environmental Policy, University College Dublin, Ireland  
2 Department of Transport Technology and Economics, Faculty of Transportation Engineering and Vehicle Engineering, Budapest 

University of Technology and Economics, Budapest, Hungary  
3 Institute of Mathematics and Informatics, University of Nyíregyháza, Hungary 
4 Department of Mathematics and Statistics, Southwest University, Beibei-400715, Chongqing, China 

 
  
  

ARTICLE INFO ABSTRACT 

Article history: 
Received 16 August 2023 
Received in revised form 26 August 2023 
Accepted 28 August 2023 
Available online 31 August 2023 

This paper delves into the realm of public transport system enhancement, a 
critical consideration for decision makers due to its profound impact on 
citizens' lives and government in-vestments. The primary objective is to 
assess the quality of public bus transport supply and identify the most 
effective improvements to heighten passenger satisfaction and attract new 
users. To accomplish this goal, two prominent multi-criteria decision-making 
approaches, namely the Analytical Network Process (ANP) and the Analytical 
Hierarchy Process (AHP), were employed, leveraging a dynamic 
questionnaire survey. The ANP method, recognized for its robustness, takes 
into account the interrelationships and feedback among various criteria 
levels, offering a systematic evaluation framework. In contrast, the AHP 
method overlooks these factors. The adoption of both methods was crucial in 
obtaining a comprehensive under-standing of experts' perceptions regarding 
public transport service quality. To illustrate the practical implementation of 
these approaches, an empirical study was conducted using a re-al-life case. 
This study serves as a testament to the efficacy of these decision-making 
methods and underscores their value in the decision-making process. 
Ultimately, this paper under-scores the significance of prioritizing public 
transport system improvements as a means to en-rich citizens' lives and 
bolster government investments.  
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1. Introduction 
 

Public Transport (PT) system amelioration is becoming the focal point for government, because 
of its critical impacts on many sides of everyday life. PT conveys many more users in much less space 
than personal cars, which helps to keep traffic congestion lower, and decreases air pollution per 
passenger-km than the standard personal cars which carry a single passenger according to (APTA). It 
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impacts positively the economy, where users can save individuals a significant amount of money each 
year in avoided fuel, maintenance, parking, taxes, and other expenses. PT is safer, not only in terms 
of the safety of the vehicles themselves, which are maintained much more regularly than individual 
automobiles but also in terms of the time by spending transit time on reading, working, studying or 
many other activities or just take a nap. However, by increasing PT services, the community also got 
impacted psychologically and economically. However, many papers have proposed and focused their 
attention on the quality of PT [1, 2, 3, 4, 5]. For this justifications planners and decision makers seek 
to straighten out PT as a means of bolstering ridership. 

The objective of the study is to enumerate public bus transport supply quality in Budapest city, 
for this aim two of the most extensive methods of MCDM were selected. MCDM methods were 
widely applied in different types of PT improvement cases in order to augment users satisfaction, for 
rail transit [6, 7], for airlines [8, 9], for buses [10, 11, 12] and even for bike-sharing [13, 14].  

The first method Is the prestigious Analytical Hierarchy Process (AHP) method was proposed by 
Saaty [15]as a method of solving complex decision-making problems and it has been used widely to 
solve spacious species of problems in miscellaneous area [16, 17, 18, 19, 20]. However, the second 
method is the Analytical Network Process (ANP) method which considers a generalization of AHP 
[21], where AHP neglects the interrelations among the criteria and deals with them as independent 
criteria, while ANP considers these interrelations and feedback between the criteria where the 
criteria behave dependently [21]. In other words, the AHP solves the problem of independence on 
criteria, and the ANP solves the problem of dependence among criteria. That makes ANP is 
irreproachable, purposive, and more robust than AHP from decision environment point of view [22]. 
Both methods are based on a pairwise comparison (PC) survey, however, they differ from each other 
in the number and types of PCs. 

A comparative analysis of these two methods is illustrated with a real data, showing their 
similarity and some differences. 

 
2. Literature Review 
MCDM approaches provides a wide selection of methods such as; AHP, ANP, PROMETHEE, 

TOPSIS, and ELECTRE, these tools support decision-makers in analyzing attributes and identifying 
optimum solutions [23, 24, 25, 26]. Similarly, hybrid models have also proven remarkable 
contributions in the decision-making process. For instance, Turcksin et al. [27] combined two 
methods for a consensual MCDM model to select the appropriate scenario for a clean vehicle fleet. 
Wang and Yang, constructed decision-making hybrid model to outsource information systems [28]. 
While a BWM hybrid model was introduced by Luo and Xing, to build a framework for personnel 
selection [29].  

AHP method is significantly deployed in several studies because of its simplicity and applicability. 
Evaluators can easily make the pairwise comparison between attributes using Saaty’s scale [15]. ANP 
is a generalized form of AHP that can handle complex problems [21]. It requires a huge number of 
pairwise comparisons based on the original structure of criteria through the analysis of the 
interactions between attributes. There are some successful applications of the ANP method [30, 31]. 
Xu et al. [32] elaborated a hybrid ANP model to evaluate government data sustainability, and it was 
deployed to serve the strategies’ evaluations for railways transportation by Chang et al. [33]. As 
stated before, AHP is a simple form of ANP which is applied in different research domains. The 
authors Kabir and Sumi [34] utilized fuzzy-AHP model that handles multiple contradictory decision 
perspectives and provides reliable results. Furthermore, Duleba et al. [35] in their research adopted 
F-AHP along with distance-based aggregation approach to evaluate public transportation. Issa et al. 
[36] combined AHP with Fuzzy TOPSIS to build a consensual decision support system. While in the 
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research, Latterini et al. [37], GIS-AHP model demonstrated high consistency in decision-making 
process selecting the optimal alternatives. 

Public transport network has a viral role in facilitating citizens’ life, thus, it is worth a significant 
consideration from policymakers. Various research aimed to identify the key solution that will 
improve public transport supply quality and increase ridership ratio together with the reducing road 
congestion, pollution and fuel consumption [38, 39]. Certainly, the passengers have different 
preferences for the current public transportation and can help in some ameliorations by providing 
their opinions and perceptions to the policymakers [2]. For this aim, some research investigated the 
opinion of different stakeholders including passengers to create efficient models. [40] constructed 
Grey-AHP models to evaluate and ameliorate the service quality of urban transportation. Bilişik et al. 
[41] used a hybrid fuzzy methodology to measure customer satisfaction in public transport network 
in Istanbul city. AHP has been extended and adopted in several fields as well [42, 43]. 

In transportation, there are various research using MCDM approaches to spotlight the factors 
impacting transport supply quality. Our paper aims to construct a comparative analysis between the 
well-known two MCDM methods for the examination of public transport supply quality. The study is 
constructed as follows: 

• The construction of the hierarchical structure of evaluating criteria 
• The creation and the conduction of the questionnaire 
• The deployment of AHP method  
• The deployment of ANP method  
• The comparative analysis  
Moslem et al. [20] have presented the most recent works related to using AHP for solving 

transportation problems, however, we highlight the contributions of our current study, the below 
Table 1. is summarizing the MCDM method deployed in transportation. 
 
Table 1 
MCDM application's summary in transportation field 

MCDM Method Methodology Reference 

ANP Deployment of ANP priorities in transportation [33] 
AHP – ANP AHP and ANP models to assess the environmental impacts of transport modes [30] 
Fuzzy AHP – Fuzzy TOPSIS Hybrid model to evaluate customer satisfaction regarding public transportation in Istanbul [41] 
AHP-Kendall Evaluation of urban public transport by using AHP-Kendall [2] 

AHP – ELECTRE A comprehensive evaluation of urban transport in Krakow deploying a hybrid AHP-ELECTRE model [44] 

Interval-AHP Evaluation of urban public transport by using Interval-AHP [45] 

ANP ANP method for risk assessment in transport infrastructure projects [31] 
AHP AHP method for the evaluation of innovative ideas for urban transport [46] 
Fuzzy AHP – Interval AHP Deployment of two AHP approaches for sustainable transport development decision [47] 
Best Worst Method (BWM) Evaluating modal split by adopting BWM during COVID-19 [48] 
Fuzzy AHP The analysis of the impacts of driver behavior on road safety using F-AHP model [49] 
AHP-BWM Driver behavior analysis using AHP-BWM model [50] 

BWM Analyzing modal split by using BWM [39] 
Spherical fuzzy AHP Evaluation of urban public transport by using Spherical fuzzy AHP [52] 

BWM, AHP and MOORA Analyzing travel mode by using BWM, AHP and MOORA in grey space [53] 

AHP – PROMETHEE 
A comparative study between AIJ and AIP approaches for the aggregation of a group evaluations 

using the AHP-Group PROMETHEE model 
[51] 

Pythagorean Fuzzy AHP 
Estimating Driver Behavior Measures Related to Traffic Safety by Investigating 2-Dimensional 

Uncertain Linguistic Data—A Pythagorean Fuzzy AHP 
[54] 

Parsimonious BWM Analyzing travel mode by using Parsimonious BWM [55] 

AHP Evaluating park-and-ride facility location by using AHP [56] 

Grey AHP Evaluating park-and-ride facility location by using grey AHP [57] 

Grey AHP Evaluating the most related factors that is affecting recurrent lane change [58] 

AHP – ANP A comparative analysis between AHP and ANP for the evaluation of public transport supply quality 
The proposed 

model in this work 
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2.1. A review of the use of multicriteria methods used in public transport system 
 
Recently, MCDM methods are applied to evaluate the urban transport system and improve the 

quality of service of the system for more sustainable and livable cities [59].  
The most popular tools among MCDM methods are AHP, ANP, PROMETHEE, TOPSIS, and 

ELECTRE, these methods help the decision-makers in evaluating and solving the complex problems 
by analyzing attributes and alternatives then determining the related weights and best solutions [24]. 

Creating public transport quality in such urban communities is viewed as a productive solution 
for blocking complex issues like air pollution, traffic accidents, and congestion, to decide the huge 
stock quality measures of public transportation, a lot of specialists utilized AHP as an applied system. 
AHP has been applied based on created questionnaires, that were utilized with respect to the order 
of hierarchy of quality factors, and as evaluators in Mersin, Turkey. The survey involved decision-
makers from both the public and the government. The level of public satisfaction and passenger 
demand for public transportation has been determined through data analysis [10]. 

It is essential to examine the public's preferences for improving the urban transportation system 
from a market and sustainability perspective. This analysis must include setting up and testing a 
broadly applicable model for decision support, as well as quality and transport fare criteria related to 
the city's current service. Since the procurement of public inclination was the essential goal, and the 
issue can be considered as independent direction, AHP was selected as the methodology. There are 
past exploration aftereffects of applying this strategy on public transport, be that as it may, not in a 
coordinated model, in which quality and cost contemplations are pairwise looked at. The new model 
was tested in a case study: surveying the public transport demand in the capital of Jordan, Amman 
[60]. 

The decision-maker has faith in the robustness and consistency of AHP approach, which is based 
on dynamic and sensitivity analysis. The hierarchical structure for rating the criteria is comprehensive 
and adaptable, and it has the potential to assist decision-makers and others involved in the 
transportation decision-making process. The public bus transportation system of Budapest (Hungary) 
was used as a study case, and the data from a 2018 questionnaire survey conducted by transportation 
experts in Budapest were used to evaluate and rank the most important factors related to the supply 
quality of public transportation. This penetration could be used to increase passenger satisfaction 
and bring in new passengers to the public bus system [59] . 

Most of the time, passengers and planners have very different ideas about what improvement 
matters. public interest for public transport improvement can be specified, by breaking down open 
transport supply quality measures among organizers and the public in Mersin City, Turkey. In order 
to shed light on the divides that exist between planners and the general public, a methodology that 
combines the Analytic Hierarchy Process (AHP) and the Spearman correlation method was utilized. 
The results of the Spearman rank correlation coefficient show that level 2 has a weak positive 
relationship and level 3 has a strong positive relationship. To obtain more effective results, it is 
suggested that future studies divide participants into passengers, non-passengers, planner users, and 
non-users [61]. Fuzzification is more flexible than the conventional AHP method, which uses 
hierarchical logic to create a system of decision elements that is easy to understand and reduces the 
uncertainty of responses. The fuzzy-AHP model guarantees that the city's bus system will be 
improved in accordance with public demand [61] . 

An applied method is known as the Interval AHP (IAHP) can deal with the inconsistent and 
uncertain responses of users by comparing passenger results to those of reference stakeholder 
groups. Our findings demonstrate that IAHP is capable of supporting a broader strategy for the 
consensual development of a public transportation system. However, by utilizing this model, an 



Journal of Soft Computing and Decision Analytics 

Volume 1, Issue 1 (2023) 124-138 

128 
 

outcome that is more agreeable and, without a doubt, more sustainable than simply employing the 
conventional AHP method can be achieved [45] . 

The fuzzyfication of the scores is conducted because of the citizen evaluator pattern. The 
fuzzyAHP (FAHP) model has been tested in a real-world situation with the case study of Amman 
(Jordan). It decides to consider the demand as a Multi-Criteria Decision Making (MCDM) problem and 
surveying the citizens’ preferences provides the results for decision support. Public transport demand 
depends on two main issues, quality, and price of the transportation [62] . 

The grey-AHP model assumes an efficient contrivance to facilitate the public transport system’s 
supply quality evaluation, especially when respondents are non-experts. Also, Alkharabsheh et al. 
[60] estimate and rank the public transport system’s supply quality criteria by adopting the proposed 
model for a real-world case study (Amman city, Jordan). The study's findings demonstrate the 
developed strategy's efficacy and adaptability to improving public transportation quality. 

Parsimonious AHP (PAHP) is a recently created methodology that combines the simplicity of 
direct evaluations with the consistency and reliability of the Analytic Hierarchy Process (AHP). The 
new procedure is more reliable than satisfaction measured by direct evaluations because it takes less 
time and costs less than the AHP while providing the same benefits. As a result, the model we've 
proposed can be used in both theoretical and practical situations. 

Based on numerical experiments, MOORA has been identified as the best MCDM method in terms 
of computational time and problem setup time. The Grey AHP-MOORA model is used to solve a real-
world transportation problem and is primarily useful for supporting strategic decision plans for 
improving the urban transportation system in terms of sustainability [40]. 

To increase commuter satisfaction and attract non-commuters, improving public transportation 
systems may require skillful strategic planning. BWM is applied to acquire the weight scores for the 
assessment of the public transportation arrangement of Budapest. The decision matrix for the expert 
evaluations is then created using grey MOORA. The grey AHP is used to conclude the evaluation of 
Budapest’s public transportation system. That implies an adopted grey decision model of the BWM, 
AHP, and MOORA is directed to complete this reason and assess the public transportation framework 
in the capital of Hungary, Budapest, by checking the productivity and approval of the proposed took 
on a grey decision model [53]. 

 
3. Methodology 
3.1 AHP method 
 
AHP is conceptually easy to use; and it has been implemented in different scientific research 

fields, in medicine [63, 64], in agriculture [65, 66] , in construction engineering [67, 68] (, in software 
engineering [69], in transportation [70, 71]. However, public transport system is a quite complex and 
AHP method was widely applied for obviating its complex problems [72, 73, 74. The objective of this 
study is to delineate and enumerate the most important public bus transport supply quality in 
Budapest. AHP method was implemented based on PC questionnaire survey where the experts in the 
related field was the evaluator group. The evaluators used Saaty’s judgment scale of relative 
importance for PCs by comparing the criteria that belong to the same branch in AHP method and 
comparing the criteria with all other criteria in ANP method. It is an important step to use carefully 
Saaty’s scale, for instance, number three means: "moderate importance", then it is necessary to 
explain that "moderate" actually means three times, and from the perspective of subjective 
understanding, three times is really quite a lot. The Saaty scale is one of the most criticized parts of 
the AHP. Incorrect use of the scales then leads to inconsistencies [75]. 
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AHP utilizes a particular attribute of paired comparison (PC) matrices. The PC matrix is a 
quadratic, reciprocal, and consistent theoretical matrix [75]. In order for matrix A to be considered 
consistent, all of its elements must be positive, transitive, and reciprocal, as shown in equations (1) 
and (2): 

 

𝑎𝑖𝑗 =
1

𝑎𝑗𝑖
,             (1) 

𝑎𝑖𝑘 =  𝑎𝑖𝑗 . 𝑎𝑗𝑘 .            (2) 

   
The dominant eigenvector of such PC matrix is trivial to be determined by Saaty’s eigenvector 

method [75], if A is a consistent matrix, then the eigenvector 𝑤 can be found by finding its maximum 
eigenvalue (λmax) through eq. (3) and (4): 

𝐴 𝑤 = λmax 𝑤.            (3) 
(𝐴 − λmax 𝐼) 𝑤 = 0,           (4) 
 
The concept of uncertainty in judgments is accounted for in the AHP method by considering the 

principal eigenvalue and the consistency index [75]. To measure the degree of consistency, Saaty 
introduced the Consistency Index (CI) as the deviation, which can be computed using equation (5): 

CI =  
λmax−n

n−1
,           (5) 

where λ max is the largest eigenvalue of the PC matrix and n is the number of classes. Consistency 
Ratio (CR) is a measure of consistency of PC matrix, where its value has to be under 0.1 in order to 
achieve the inconsistency for the PC matrix and it is given by eq. (6): 

CR =  
CI

RI
,             (6) 

where RI is the Ratio Index that represent the random consistency index. The value of RI for 
different n values is given in [75]. 

Given that multiple evaluators participated in the PC survey, it is necessary to combine their 
individual weights. To prevent rank reversal and ensure accuracy, it is recommended to calculate the 
geometric mean of the evaluator scores to determine the aggregated results [76]. 

 
To ensure no rank reversal and to aggregate individual weights from multiple evaluators in the 

PC survey, it is recommended to calculate the geometric mean of their respective scores to determine 
the aggregate results [76]. 

 If “h” evaluators exist in the procedure, the aggregated weight is given in eq (7): 

f(x1, x2, … , xh) = √∏ xk.h
k=1

h
          (7) 

where x1, x2, … , xh denotes entries, in the same position (i, j), of PC matrices, filled in by the k-th 
decision maker. As consistency was acceptable, the final score determination can be calculated 
through equation (8): 

𝑤𝐴𝑖
=  

𝑤𝑗

𝑤
 

𝑤𝑖𝑗

∑ 𝑤𝑖𝑘
𝑛
𝑘=1

=  (
𝑤𝑗

𝑤
 

1

∑ 𝑤𝑖𝑘
𝑛
𝑘=1

) 𝑤𝑖𝑗        (8) 

where j = 1 ,…, m and 𝑤 =  ∑ 𝑤𝑗
𝑚
𝑖=1 ; wj > 0 (j = 1,…, m) represents the related weight coordinate 

from the previous level; 𝑤𝑖𝑗 > 0 (i = 1,…, n) is the eigenvector computed from the matrix in the current 

level, 𝑤𝐴𝑖 (i = 1,…, n) is the calculated weight score of current level’s elements.  
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3.2. ANP method 
 
AHP is indeed conceptually easy to use; however, its strict hierarchical structure cannot deal the 

complexities of many real-world problems. As a solution for these complex problems, Saaty created 
ANP as generalized form of AHP [22, 77]. ANP also applied based on PC survey, however, the PC 
survey was constructed of 276 PCs which represent all interrelations and feedbacks between the 
twenty-four criteria, and Saaty’s scale was used by the experts to perform the comparisons and the 
final score determination was calculated through equation (7). The priority vectors are entered in the 
appropriate columns of the super matrix to obtain the relative priorities of various classes with 
interdependent influences between the criteria. The ANP analysis was designed in Super Decisions 
software and Figure 1 depicts the Supermatrix of the approach. 

 

 

Fig. 1. Supermatrix of ANP [21] 

       
3. Results  
 

For applying the AHP method the hierarchical structural model as shown in (Figure 1) was used 
and applied for elaborating the public bus transport situation in Budapest city. This hierarchical 
model was constructed by Duleba and his colleagues [78] (Figure 2). The hierarchical model of supply 
quality consists of three levels with total twenty-four criteria, regarding to the number of criteria 
twenty-seven PCs were constructed for the questionnaire survey, and it was evaluated by ten 
experts, the experts were researchers in transportation and logistics filed, moreover, all of them hold 
a PhD degree. The questionnaire survey was evaluated in February 2018 and analyzed in March 2018. 
The consistency ratio (CR) was less than 0.1, thus it was acceptable to complete the AHP analysis. 
Sensitivity analysis was performed by changing the weight of each main criteria to test the stability 
of the rank and it was robust without change. 
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Fig. 2. The hierarchical structure of criteria for public bus transport supply quality [78] 

 
Ranking of different criteria in public bus transportation systems in terms of their development 

is summarized in Tables 2–4. 
 

Table 2 
Priority ranking of criteria for Level 1 based on AHP. 

Criteria Weight Rank 

Service quality 0,2374 3 
Transport Quality 0,2785 2 

Tractability 0,4841 1 

 
In the first level, “Service Quality” was the most essential issue to be developed, followed by 

“Transport Quality” and “Tractability” as shown in Table 4. The second level promote “Reliability” as 
the most critical issue followed by “Time availability” and “Mental comfort”. However, the “Physical 
comfort” and “Perspicuity” were that important in the experts’ point of view. The priorities in the 
third level highlight the “Limited time of use” as the most important issue to be developed and it was 
followed by “Directness to stop” and “Fit connection”. While “Comfort in stop”, “Safety in stop” and 
“Need for transfer” were the last important issues. 

 
Table 3 
Priority ranking of criteria for Level 2 based on AHP. 

Criteria Weight Rank 

Approachability 0,0323 9 

Directness 0,0596 7 

Time availability 0,0585 8 

Speed 0,0660 6 

Reliability 0,0210 11 

Physical comfort 0,1370 4 

Mental comfort 0,1166 5 

Safety of travel 0,0249 10 

Perspicuity 0,1666 1 

Information before travel 0,1610 2 

Information during travel 0,1565 3 
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Table 4 
Priority ranking of criteria for Level 3 based on AHP. 

Criteria Weight Rank 

Directness to stops 0,0056 6 

Safety of stops 0,0085 8 

Comfort in stops 0,0182 7 

Need of transfer 0,0348 2 

Fit connection 0,0248 3 

Frequency of lines 0,0132 10 

Limited time of use 0,0453 4 

Journey time 0,0262 1 

Awaiting time 0,0170 9 

Time to reach stops 0,0228 5 

 
ANP was applied based on 276 PCs in order to consider the interrelations and feedbacks between 

the criteria.  
The actual finding of links between criteria is done by experts during estimating the 276 PCs. The 

analysis results highlighted 151 interrelations between different criteria and according to these 
outcomes, the analytic network structure was constructed as shown in (Figure 3), where the network 
model contains (276-125 = 151 interrelations). Indeed, evaluating 276 PCs quite a lot of pressure is 
put on the experts, however, this is one the drawbacks of ANP and it generate more accurate results 
because all interrelations are tested among all criteria. 

 

 
Fig. 3. The network structure of criteria for public bus transport supply quality criteria 

 
The priority ranking of supply quality criteria that are presented in Table 5. Has been adopted by 

applying ANP and using Super Decisions software, which provided the preference ranking for public 
bus transport system criteria and most significant criteria regarding to the applied analysis was 
“Tractability” followed by “Service quality”, “Transport quality”, “Information before travel” and 
“Perspicuity”. However, “Comfort in stops” was ranked as the most insignificant issue to be 
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developed and it was followed by other inconsequential issues like “Directness to stops”, “Need for 
transfer”, “Reliability” and “Time to reach stops”.  

 
Table 5 
Priority ranking of public bus transport supply quality criteria based on ANP. 

Rank Criteria Normalized Weight 

1 Tractability  0.0993 

2 Transport Quality  0.0751 

3 Service Quality  0.0736 

4 Perspicuity  0.0601 

5 Information before travel  0.0541 

6 Information during travel  0.0531 

7 Physical comfort   0.0503 

8 Mental comfort   0.0451 

9 Speed   0.0448 

10 Directness   0.0412 

11 Time availability   0.0387 

12 Safety of travel   0.0382 

13 Need of transfer   0.0357 

14 Journey time   0.0341 

15 Approachability   0.0331 

16 Limited time of use   0.0327 

17 Fit connection   0.0311 

18 Time to reach stops   0.0308 

19 Reliability   0.0267 

20 Safety of stops   0.0242 

21 Awaiting time   0.0235 

22 Frequency of lines   0.0191 

23 Comfort in stops   0.0179 
24 Directness to stops   0.0169 

 
4. Discussion and Conclusions 
 
In this study, ANP based methodology that supports the independency and feedback between 

criteria in different levels of the network and AHP which is more efficient from mathematical point 
of view when the decision structure is basically hierarchical, have been used to evaluate public bus 
transport supply quality in Budapest city. The findings from AHP spot the light on “Service Quality” 
as the most critical issue to be developed, while ANP analysis results highlighted “Tractability” as the 
most significant issue to be developed. However, when we look at the first three most significant 
criteria in both outcomes, we realize that they ranked the same three criteria, which are “Service 
Quality”, “Transport Quality” and “Tractability”. Even the last insignificant three criteria there is one 
common criteria “Comfort in stop”.  

AHP does not consider the dependencies and interrelations among criteria. However, real life 
complex problems usually contain dependence or feedback between elements.  

Implementing ANP method is quite more complicated and robust than AHP method, because of 
its large number of comparisons, and the inconsistency check also difficult due to the super matrix. 
The experts stated that the ANP questionnaire is quite complicated (276 comparisons) and require 
long time to evaluate the criteria. However, AHP questionnaire conceptually easier, but its strict 
hierarchical structure cannot handle the complexities of many real-world problems. The most 
important criteria based on ANP outcomes was “Tractability”, followed by “Transport Quality” and 
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“Service Quality”, which are the main criteria in the hierarchical structure of AHP structure. The main 
advantage of ANP is that it can handle complex decision-making scenarios that involve 
interdependent and feedback relationships between the criteria. ANP allows decision-makers to 
model complex systems with feedback loops and interconnections between criteria, which can be 
difficult to represent in an AHP model. Furthermore, ANP allows for flexibility in decision-making by 
allowing decision-makers to adjust their priorities and criteria as new information becomes available. 
This can be particularly useful in dynamic decision-making scenarios where priorities and criteria may 
change over time. 

The age of the adopted survey does reduce its relevance and applicability to the current situation. 
It is possible that there have been changes in the quality of transport in Budapest in the past five 
years, and those changes may affect the study's findings. Therefore, it is important to consider the 
limitations of the study when interpreting its results and applying them to current situations. 

 For further research, authors recommend to apply another method based on the detected 
interrelations between the criteria in different levels. Moreover, AHP and ANP can be adopted in 
fuzzy environments to avoid the evaluator’s hesitancy [79-81]. Also using suitable operation to 
aggregate the individual perspective, such as, Complex Hesitant Fuzzy Sets and Interval-valued 
Pythagorean fuzzy information aggregation based on Aczel-Alsina and will provide more efficient 
results [82, 83, 84]. 
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