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1. Introduction
Ameliorating public transportation is a complex issue, the complexity come from many
different aspects. The type of improvement, the factor that should be improved and who have
to involve in the decision process. In general, the decision makers in the relevant field take
decisions for the future projects strategic plan, the same happens regarding to the transportation
projects, where all related decisions to the transportation policy are generally decided by
representatives or managers of the local transport company in the ministry of transportation in
the country through a top-down procedure. These decisions are based on the regular reports
from the transportation department in the municipalities, who detect the demand of the city
through making special questionnaire surveys and analyzing them. However, involving
communities in the strategic planning have to be the fundamental duty of local authorities to
improve decision making, which consider the precondition for sustainable plans.
In the current research, the most popular MCDM methodologies have been used in order to
evaluate public transportation systems in the big cities.
The dissertation is organized as follows:
•

AHP approach was applied on an emerging city (Mersin city, Turkey) based on a
dynamical questionnaire survey, where different evaluator groups involved in the
survey (users, non-users and experts). Moreover, the GAHP approach was implemented
to get the final aggregated scores for all participants.

•

For ameliorating the public transport supply quality in Merin city, a new level was added
to the hierarchal model in order to aggregate evaluators response by conducting a
dynamical approach, furthermore, the Kendall’s coefficient of concordance used to
detect the concordance among the different evaluator groups.

•

In order to consider the uncertainty risk in the public survey, I used the interval
calculations for dealing with the diversity in the opinions of our different target groups
and make a reliable overview from the opinion of the all questioners. IAHP was
conducted to contrive the final scores for all participant groups.

•

For sustainable public transport development, I conducted Fuzzy AHP, to overcome the
uncertainty problem in the evaluators answers, where I fuzzified the hierarchical
analysis by allowing fuzzy numbers for the pairwise comparisons of different evaluator
groups. By that, we can deal with the vague concepts and uncertainty, because the fuzzy
logic imitate the human reasoning and provide robust outcomes.

•

We integrated a new Pareto-AHP model for estimating the public transport supply
quality, the Pareto optimality test has been performed on the AHP approach to test the
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efficiency of the eigen vector. For the calculations, Microsoft Excel program has been
applied for the AHP and IAHP approaches to find the criteria weights. Moreover, it has
been applied to find consistency ratio and sensitivity analysis for both methods. The
PCMC-online has been applied for Pareto efficiency test.
•

ANP and AHP approaches were applied on a development city (Budapest, Hungary)
based on a dynamical questionnaire survey, however, only expert group involved in the
survey. SuperDecisions software has been applied for ANP, the outcomes of both
approaches were compared.

The investigations spotted the light on the denomination of improvements that should be taken.
Furthermore, the research clarified what kind of strategic decisions should be made in the future
to buttress the oncoming strategic decision plans.

2. MCDM for Admeasuring the Separateness of Preferences for Urban Transport
Development
In this part, we suggest an approach aiming to get an overview of passenger’s demands and
non-passenger’s demands as well. As a case study, one of the biggest cities in Turkey (Mersin)
was selected. As methodology, the traditional analytic hierarchy process approach (AHP) has
been conducted based on a dynamical questionnaire survey that has been used regarding the
hierarchy of supply quality criteria, and as evaluators, the citizens and governmental decision
makers have been participated in the survey. The degree of citizens satisfaction about public
transport has been highlighted by analyzing collected data (where different evaluator groups
involved in the survey). Moreover, the group AHP approach was implemented to get the final
aggregated scores for all participants.

Figure 1. The main steps of AHP method process
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The main steps for computing the results based on AHP approach are depicted in Figure 1. The
first step is the most important one, where the hierarchical structure of the decision problem has
to be constructed, in the current research, we employed the hierarchical structure of public
transport supply quality which was created by Duleba et al., in Japan to evaluate the public bus
transportation efficiency in one of Japanese cities (Duleba, Mishina and Shimazaki, 2012) (see
Figure 2.). The hierarchical structure consists of three levels, the first level contains three main
criteria, the second level contains eleven sub-criteria and the third level contains ten sub-criteria.

Figure 2. The hierarchical structure of the decision problem. (Source: Duleba et al., 2012)
Table 1. Different priority ranking of criteria by the evaluator groups for Level 1.
1
2
3

For Passenger Side
Transport Quality
0.4658
Service Quality
0.3743
Tractability
0.1599

For Non-Passenger Side
Transport Quality
0.3927
Tractability
0.3541
Service Quality
0.2532

For DM Side
Tractability
0.5849
Transport Quality
0.2776
Service Quality
0.1375

Table 2. Different priority ranking of criteria by the evaluator groups for Level 2.
1

For Passenger Side
Safety of travel

0.269

2

Physical comfort

0.125

Information before travel

0.141

3

Directness

0.096

Information during travel

0.133

4
5

Time availability
Approachability
Information before
travel
Mental comfort
Reliability

0.092
0.087

Mental comfort
Physical comfort

0.108
0.102

0.073

Reliability

0.084

Speed

0.0384

0.070
0.068

Perspicuity
Directness

0.078
0.055

Directness
Time availability

0.0347
0.0336

6
7
8

For Non-Passengers Side
Safety of travel
0.181

3

For DM Side
Perspicuity
Information before
travel
Information during
travel
Physical comfort
Mental comfort

0.2003
0.1945
0.1902
0.1369
0.1158

9
10
11

Information during
travel
Perspicuity
Speed

0.055

Speed

0.051

Safety of travel

0.0248

0.030
0.029

Time availability
Approachability

0.032
0.029

Approachability
Reliability

0.0187
0.0121

Table 3. Different priority ranking of criteria by the evaluator groups for Level 3.
1
2
3
4
5
6
7
8
9
10

For Passenger Side
Frequency of lines
Need for transfer
Distance to stops
Fit connection
Limited time of use
Safety stops
Comfort in stop
Time to reach stops
Journey time
Awaiting time

0.0649
0.0604
0.0404
0.0362
0.0276
0.0255
0.0212
0.0148
0.0078
0.007

For Non-Passengers Side
Fit connection
0.0392
Time to reach stops
0.0238
Frequency of lines
0.0213
Need for transfer
0.0160
Safety stops
0.0157
Awaiting time
0.0151
Journey time
0.0125
Limited time of use
0.0112
Comfort in stop
0.0093
Distance to stops
0.0048

For DM Side
Limited time of use
Need for transfer
Journey time
Fit connection
Time to reach stops
Comfort in stop
Awaiting time
Frequency of lines
Safety stops
Distance to stops

0.0260
0.0202
0.0160
0.0145
0.0133
0.0106
0.0091
0.0076
0.0049
0.0033

The final global scores for all groups shed the light on the “Service Quality” as the most
important criteria, followed by “Transport Quality” and “Tractability”.
Table 4. Final scores of the criteria for Level 1
The criteria ranking for all evaluators
Service Quality
Transport Quality
Tractability

1
2
3

0.5087
0.3215
0.1698

Furthermore, in the second level the most important issue is the “Reliability” followed by
“Safety of travel”, Mental comfort” and “Directness”, while, the lowest significant criteria in
same level were “Physical comfort”, Information before travel” and “Speed”.
Table 5. Final scores of the criteria for Level 2
1
2
3
4
5
6
7
8
9
10
11

The criteria ranking for all evaluators
Reliability
Safety of travel
Mental comfort
Directness
Approachability
Time availability
Information during travel
Perspicuity
Speed
Information before travel
Physical comfort
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0.1996
0.1891
0.1033
0.0873
0.0856
0.0824
0.0600
0.0561
0.0538
0.0537
0.0292

In the third level, the most important criteria was “Fit connection” followed by “Frequency of
lines” and “Distance to stops”, however, the last important issues were “Need of transfer” and
“Journey time”.
Table 6. Final scores of the criteria for Level 3
1
2
3
4
5
6
7
8
9
10

The criteria ranking for all evaluators
Fit connection
Frequency of lines
Distance to stops
Safety of stops
Limited time of use
Awaiting time
Comfort in stops
Time to reach stops
Journey time
Need of transfer

0.0740
0.0528
0.0346
0.0330
0.0326
0.0200
0.0169
0.0174
0.0154
0.0123

3. A New Model for Supporting Public Transport Enhancement Decision Making by
Examining the Preferences of Different Stakeholder Groups
The new model was created to compute the final decision for all evaluators based on the
pairwise comparisons and the AHP logic, where a new level was added to the hierarchal model
in order to aggregate evaluators response by conducting a dynamical approach. For this
intention, the Analytic Hierarchy Process (AHP) has been conducted to depict the preference
of different stakeholders related to public bus transport system enhancing the supply quality in
Mersin city. Citizens (users and non-users) and decision makers participated in the
questionnaire survey. Because of the expected difference among the participant groups on the
evaluation of factor importance regarding transport system element developments, the
Kendall’s coefficient of concordance (W) was applied to highlight the heterogeneity among the
stances toward the system improvement (Kendall and Smith, 1939; Siegel, 1956).
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Figure 3. The process of applying AHP method for the new model.

Figure 4. The new model for the hierarchical decision problem

The situation is completely different for the government side, where “Tractability” is the most
important issue followed by “Transport Quality” and “Service Quality”.
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Figure 5. The scores of elements by evaluator groups for Level 1.

In level 2, for the passenger and non-passenger side “Safety of travel” was the most essential
issue to be developed, however, it was not so important for government side. The second
important issue for passenger side was “Physical comfort”, followed by “Directness”, “Time
availability”, and “Approachability”. However, non-passengers’ point of view was same as
government’s point of view for improving “Information before travel”, “Information during
travel”, and similar in the cases of “Mental comfort”, “Physical comfort”, and
“Approachability”.
Based on the priorities, it can be stated that local government representatives are not aware of
the need of citizens for improving the safety of travel in local buses. In case project initiations,
it would be started for increasing safety in transportation that might attract more people to use
public transport that might have a positive impact on the environment and sustainability issues
(Figure 6.).
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users
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Figure 6. The final scores of elements by evaluator groups for Level 2.
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In the last level, from the passenger point of view “Frequency of lines” was the most essential
issue side followed by “Need for transfer”, “Distance to stops”, and “Fit connection”. For the
non-passenger side, “Fit connection” is observed first, which can be recommended for the
decision makers to overview, not only means connection of transport modes (e.g., bus-train),
but also linkage with local-regional buses or local bus lines. For the government side, “Limited
time of use” was the most important issue, followed by “Need for transfer”, “Journey time”,
and “Fit connection” (Figure 7.).
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Figure 7. The final scores of elements by evaluator groups for Level 3.

There are significant differences among the different evaluator groups, and Kendall’s
coefficient of concordance (W) is applied to detect the degree of agreement among different
evaluator groups (Passengers, non-passengers and government). There was “moderate
agreement” among different evaluator groups in the first Level. Moreover, in Level 2, Kendall’s
coefficient of concordance (W) also indicates that the agreement is temperance among different
evaluator groups. Further, the situation for Level 3 is also similar, the agreement degree is
moderate among different evaluator groups.
In the research, four independent transportation experts have been asked in Mersin to evaluate
(through pair wise comparisons, following the AHP logic) the relative importance of each
evaluator group in the public transport decision.
Weighting the group importance caused the approximation of the final results to the government
preferences. It is explainable regarding that local governmental budget is at stake in public
transport development and cost and technical considerations also play an important role.
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Figure 8. The final scores of elements by all evaluators for Level 1.
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Consequently, the created model succeeded in contributing to a more sustainable public
transport development planning by adding public preferences to the governmental aspects on
the amelioration of the system.
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Figure 9. The final scores of elements by all evaluators for Level 2.
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Figure 10. The final scores of elements by all evaluators for Level 3.

Obviously, the deviations within each stakeholder group were also analyzed and the authors
did not find significant difference in the perceptions of each group members in the sample of
passengers and non-passengers, which might also be a reason for the stability of the final results.
Finally, although the evaluators were randomly selected, they properly represented the total
society of the city from gender, age, and occupation aspects, and this might also explain the
robustness of the preference ranking.
Based on the results, it can be concluded that the assumption on the difference of opinions
among the stakeholders of public transport has been verified by Kendall calculation. It has to
be emphasized that merely the AHP application itself revealed very important preferences of
mainly the users’ side, and the awareness of these needs can be the basis of initiating new
transport system improvement projects. Moreover, the application of Kendall method has
proven that only moderate connection can be detected among three different groups’ ranking
for all three levels, while the participants evaluated exactly the same questionnaires on their
own perceptions and image on public bus transport supply quality. As a consequence, it can be
stated that the decision makers in Mersin Municipality Transportation Department ought to
share public views in their future Transportation Strategic Plan and they should pay more
attention to “Service quality”, “Approachability”, and “Directness” improving factors in their
future plans more than “Tractability”, “Information during travel”, and “Perspicuity” to attract
non-passengers and increase the satisfaction of passengers.
For practitioners, the implementation of the model should be elaborated, e.g., software
application might be developed for future evaluations of public transport. The authors find it
also important to follow the impact of the decisions by the local government and surveying
passenger and potential passenger satisfaction for the modification of the transport system. A
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successful implementation of the introduced model might result in a proper scoring system for
tendering transportation projects in which technical and cost considerations are integrated as
well as aspects of the current and future passengers.
4. Supporting Decision Making for Sustainable Urban Transport by Using IAHP
Getting insight to passenger satisfaction and need for improvement in a public transport system
has become a crucial issue for decision makers in order to make sustainable development
decisions. This knowledge acquisition however is very difficult because of the lack of expertise,
motivation or enthusiasm of the user participants of the transport system. Thus, a properly
selected methodology is required which is capable of dealing with the inconsistency and
uncertainty of the responses. Analytic Hierarchy Process (AHP) has been widely known as a
technique that provides clear decision structure and consistency check for the respondents. The
recent paper not only utilizes the advantages of the traditional AHP but also considers the
uncertainty risk in a passenger survey by applying the Interval Analytic Hierarchy Process
(IAHP) through comparing the results to two other reference groups (Ghorbanzadeh et al.,
2019). Beside the users of the system, a non-user public respondent group and a decision maker
group has been created which consisted of representors of the urban transport company in the
examined city. Involving non-passengers from public in the survey highlighted the image of
private vehicle users on the public transport system service quality while managers from the
transport company emphasized their own aspect on the necessary system development. By the
application of the IAHP, a final consensus could be created among the three different
stakeholder groups. The methodology is presented on a real application conducted in Mersin,
Turkey and aimed to determine a consensual preference ranking for a public bus transport
system development decision.

The first step was constructing questionnaires for different target evaluator groups. Passenger
group has been selected to increase their satisfaction toward public bus transport system, nonpassengers group has been selected in order to attract them to start utilizing public bus transport
and leaving their private cars, while decision maker group has been selected to detect the gap
between them and the public, and to attain technical expertise. In the second step, the pairwise
comparison (PC) questionnaire survey had been structured and the data had been collected, then
the consistency of the matrices had been checked as (Saaty, 1977) suggested, the consistency
check was followed by applying the geometric mean, deriving weight vectors and calculation
the final scores, while the last step was the process of sensitivity analysis in order to check
scores stability.
The analyzed problem is more hierarchically structured and dynamic analysis could be
considered (Saaty, 1994):
• Consistency check is required (passengers and non-passengers are evaluators);
• Ranking of factors are both ordinal and cardinal;
• In the final decision itself is purely important but the scores attained to the factor.
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In this case our approach was to use interval calculations for dealing with the diversity in the
opinions of our different target groups and make a reliable overview from the opinion of the all
questioners. The interval matrices of 𝐴"×" , (in which 𝑖 = 1, 2, … , 𝑛) were prepared based on
the interval elements of 𝑥"- ,(in which i, j=1, 2,…, n) of all values that used by the questioners.
In this way, the minimum value of pairwise comparisons represented by each group was
considered as the lower bound (𝑎"- ) for 𝑥"- = /𝑎"- , 𝑏"- 1 and the maximum value was selected
for the upper bound of (𝑏"- ). Therefore, the generated interval pairwise comparison matrices
consist of whole judgments of all groups of passengers, non- passengers, and decision makers.
At first level, the interval pairwise comparison matrices indicated that “Transport quality” was
the most important criterion at this level, while “Service quality” development ranked as having
the lowest importance.
Table 7. The final interval scores for the criteria in level 1.
Rank
1
2
3

Criteria
Transport Quality
Tractability
Service Quality

All groups
0.4178
0.3014
0.2776

At Level 2, the resulting weights “Information before travel”, “Physical comfort”, and
“Information during travel”, were higher ranked than the other criteria, while, “Speed”,
“Reliability”, and “Approachability” were lower ranked than the eleven other criteria compared
at this level. The weights of “Safety of travel” and “Mental comfort” were close with values of
0.12 and 0.11, respectively.
Table 8. The final interval scores for the criteria in level 2.
Rank
1
2
3
4
5
6
7
8
9
10
11

Criteria
Information before travel
Physical comfort
Information during travel
Safety of travel
Mental comfort
Perspicuity
Time availability
Directness
Speed
Reliability
Approachability
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All groups
0.1532
0.1486
0.1324
0.1246
0.1134
0.0964
0.0579
0.0535
0.0449
0.0387
0.0363

At the third level, ten criteria were weighted and ranked. At this level, “Fit connection” and
“Limited time of use” were the most important criteria based on the comparisons of all groups.
The results of this level indicated that “Awaiting time” was not as important as the other criteria
and ranked lowest with a weight of less than 0.05.
Table 9. The final interval scores for the criteria in level 3.
Rank
1
2
3
4
5
6
7
8
9
10

Criteria
Fit connection
Limited time of use
Frequency of lines
Need of transfer
time to reach stops
Safety of stops
Journey time
Comfort in stops
Distance to stops
Awaiting time

All groups
0.1637
0.1603
0.1403
0.1367
0.0846
0.0724
0.0664
0.0653
0.0603
0.0499

Our research aimed to use an optimization technique to deal with the problems that we faced in
using the AHP to compare the criteria to identify the most sustainable development for the
system. The outcome of the research has confirmed that using IAHP leads to an overall and
final result that is more comprehensive and useful for further decision-making for arbitrary
public transport systems.

5. Fuzzy-AHP for Estimating Public Transport Supply Quality
As the literature review indicated that variety of methods have been successfully integrated
with knowledge-based models for optimization of the model for transportation improvement
projects. The present paper aims to introduce a combined model for supporting consensual
decision making with respect to sustainability in urban transport development. Since public
evaluators have also been involved, So, avoiding uncertainty has been among the objectives,
thus FAHP have been applied.
This study proofed that the results of the AHP method can be improved by integrating with
appropriate models (Jin, Zhang and Yuan, 2018; Hervás-Peralta et al., 2019). Moreover, the
FAHP performed very well in highlighting the need for more tractable operations; where the
AHP and IAHP are not so dominating. Therefore, several mathematical and optimization
methods have been used to analyze and improve the AHP outputs in terms of resulting accuracy
(Moslem et al., 2019).
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Judgments of decision makers are the main source to weigh the criteria based on their
importance regarding the spatial problem. These judgments represent qualitatively some
linguistic variables. In this stage, a fuzzy set is required for quantitatively the judgments by
using the respective membership function (Moslem and Duleba, 2019). A triangular fuzzy set
were used for converting the linguistic variables to the quantitative values in this study.
This part aims to enumerate the most crucial public bus transport supply quality criteria and
detect the agreement level between different evaluator groups based on FAHP method, Mersin
Metropolitan area (Turkey) was chosen as a case study. As a commencement study, the ensuing
hierarchical structural model has been integrated and employed for elaborating the public
transport situation of Yurihonjo city (Japan) in 2012 (Duleba, Mishina and Shimazaki, 2012).
Priority order of different elements in public bus transportation systems in terms of their
development. In the first level, all different participant groups of the analyzed public
transportation system indicated the development of the “Tractability” criteria as the most
significant related issue. However, there were differences of preferences between passenger
groups and the groups in the second and third rank. Accordingly, the passenger groups ranked
the “Service Quality” as the second most important issue followed by the “Transport Quality”,
while the other participated groups evaluated the “Transport Quality” as second most important
issue followed by “Service Quality”.
Table 10. Fuzzy weight scores of the criteria for Level 1
Rank

Regular users

Potential users

Government

Criteria

Scores

Criteria

Scores

Criteria

Scores

1

Tractability

0.595

Tractability

0.623

Tractability

0.607

2

Service Quality

0.246

Transport Quality

0.311

Transport Quality

0.336

3

Transport Quality

0.244

Service Quality

0.155

Service Quality

0.161

The situation was a bit different in level 2, where passenger groups ranked the “Information
during travel” as the most important criteria followed by the “Perspicuity” and “Information
before travel”. However, potential passenger groups evaluated the “Physical comfort” as the
most important criteria, which was not observed that important in regular users and government
point of view. For government side, the most significant criteria was the “Perspicuity” followed
by the “Information during travel” and the “Mental comfort”.
Table 11. Final fuzzy weight scores of the criteria for Level 2. considering branch connections
Regular users
Rank

Potential users

Government

Criteria

Final
scores

Criteria

Final
scores

Criteria

Final
scores

1

Information during
travel

0.284

Physical comfort

0.204

Perspicuity

0.269

2

Perspicuity

0.185

Perspicuity

0.176

Information during
travel

0.22
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3

Information before
travel

0.148

4

Speed

0.104

5

Physical comfort

0.086

6

Mental comfort

0.086

7

Safety of travel

0.077

Information during
travel
Time availability

8

Directness

0.0498

9

Approachability

10
11

Mental comfort
Information before
travel
Directness

0.113

Mental comfort

0.185

0.099

Information before
travel
Physical comfort

0.098

Speed

0.049

0.076

Directness

0.048

Speed

0.073

Time availability

0.038

0.045

Approachability

0.071

Safety of travel

0.032

Time availability

0.043

Safety of travel

0.069

Approachability

0.025

Reliability

0.039

Reliability

0.035

Reliability

0.012

0.112

0.181
0.145

It can be counted on positively that all evaluator groups evaluated the “Reliability” as the lowest
insignificant criteria in this level, almost the same point of views toward the “Approachability”.
In the last level, more disagreement could be detected, where for user side “Time to reach stops”
criteria was the most crucial one followed by “ Need of transfer” and “Awaiting time”, while
potential user side ranked the “Fit connection” as the most crucial issue followed by “Frequency
of lines” and “Distance to stops”. Finally, the “Limited time of use” was estimated as the most
substantial criteria followed by the “Need of transfer”.
Table 12. Final fuzzy scores of the criteria for Level 3. considering branch connections
Regular users
Rank

Potential users

Government

Criteria

Final scores

Criteria

Final
scores

Criteria

Final
scores

1

Time to reach stops

0.053

Fit connection

0.07

Limited time of
use

0.029

2

Need of transfer

0.031

Frequency of lines

0.049

Need of transfer

0.027

3

Awaiting time

0.031

Distance to stops

0.042

Fit connection

0.0197

4

Frequency of lines

0.031

Need of transfer

0.029

0.018

5

Journey time

0.020

Journey time

0.027

Journey time
Time to reach
stops

6

Comfort in stops

0.0196

Time to reach stops

0.027

Awaiting time

0.015

7

Fit connection

0.019

Limited time of use

0.026

8

Distance to stops

0.015

Awaiting time

0.024

9

Safety of stops

0.014

Safety of stops

0.019

10

Limited time of use

0.013

Comfort in stops

0.017

Comfort in
stops
Frequency of
lines
Distance to
stops
Safety of stops

0.017

0.011
0.009
0.008
0.007

Applying FAHP, the condition of uncertain judgments is fulfilled and also, the requirement for
synthesis of the opinion can be completed. In the real decision making procedure, the results
have to be considered regarding the expressed interests of all relevant stakeholder groups.
Concerning the public transport development decisions, this approach might contribute to more
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efficient public transport system improvement and by this to more utilization of public vehicles,
less air pollution, less traffic problems and more satisfied citizens eventually.

6. Pareto-AHP Model for Evaluating Public Transport Supply Quality
Human by their nature make many decisions for his daily activities and problems. However,
they cannot deal with some complex problems by using the natural human beings’ sense.
MCDM was the solution for this kind of problems. Eventually, in multi objective optimization
problems, the unique solution exists, however, a set of mathematic equally good outcomes
could be identified. These outcomes are known as Preto optimal (efficient= nondominated=
noninferior) solutions. MCDM solutions consider inferior (inefficient) in some cases, and these
problems have been studied intensively for several decades (Pareto, 1906; Bozóki and Fülöp,
2018). The aim of using MCDM optimizations is to help the decision makers to find a
nondominated solution. For example, the results of the AHP approach which are based on
eigenvector technique and dominated in some cases, because of the inferiority of the
eigenvector. Thus, the authors generated a method to provide the DM with efficient and reliable
solutions (Duleba and Moslem, 2019).
The first roots of optimization technique was proposed by Pareto at the end of 19th century
(Pareto, 1906). In the mathematical point of view, the optimization methods are used efficiently
till nowadays in order to boost decision support systems mainly in the subject of multi criteria
optimizations. As stated in the introduction, it has recently proved that the eigenvectors and the
final scores of the criteria and alternatives are not necessarily Pareto optimal (Bozóki and Fülöp,
2018) in case of 4×4 and larger matrices. Therefore 𝑤3" -s can be tested and improved with
dominant weight vectors that give better approximation to 𝑎"- -s than the eigenvectors.
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Figure 11. The process of applying AHP with Pareto optimality test. (Source: own)

The characteristics of the conducted survey based on the hierarchical model were the followings:
•

•

100 evaluators from different groups (2 managers ‘in the relevant field’ + 15
government officials ‘in the relevant field’ + 83 public passengers and non-passengers)
had participated, out of the total population of 1.773.852. The number of participants
evidently not statically representative, however, the MCDM provides a deeper insight
based on pairwise comparisons than simple statistical survey (Saaty,1994);
The survey had been collected during July, August and September 2017, and had been
analyzed in February 2018. Passengers, non-passengers and decision makers had
participated in the survey to determine the preference weight of the criteria for public
transport supply quality model.

As stated in this chapter, it has been proven that Pareto efficiency is always refer at least (4 ×
4) matrices or bigger. In the presented hierarchy model, there is only one possible not Preto
optimal matrix that is bigger than (4 × 4) matrix and suitable for Pareto efficiency test. This
matrix locates in level 2, and it has 5 coordinates (Approachability, Directness, Time
availability, Speed, Reliability).
In the following tables the modified final scores were depicted:
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Table 13. Final criteria scores for Level 1 after Pareto optimization

1
2
3

Ranking of criteria by evaluator
Level 1
Service Quality
Transport Quality
Tractability

0.5086
0.3215
0.1698

Table 14. Final criteria scores for Level 2 after Pareto optimization

1
2
3
4
5
6
7
8
9
10
11

Ranking of criteria by evaluators
Level 2
Reliability
Safety of travel
Mental comfort
Approachability
Directness
Time availability
Information during travel
Perspicuity
Speed
Information before travel
Physical comfort

0.1991
0.1891
0.1033
0.0888
0.0881
0.0785
0.0600
0.0561
0.0540
0.0537
0.0292

Table 15. Final criteria scores for Level 3 after Pareto optimization

1
2
3
4
5
6
7
8
9
10

Ranking of criteria by evaluators
Level 3
Fit connection
Frequency of lines
Distance to stops
Safety of stops
limited time of use
Awaiting time
comfort in stops
Time to reach stops
Journey time
Need of transfer

0.0747
0.0532
0.0359
0.0343
0.0313
0.0201
0.0186
0.0175
0.0165
0.0134

The improved eigenvector located in the second level, so the changes in the final scores are
matured in the second and the third level. Conducting Pareto optimality test on real pairwise
comparison data has been successful in a sense that not Pareto optimal weight vector could be
detected in the AHP structure. The optimization process produced improved weight coordinates
that are Pareto optimal. From application point of view, however, it has to be emphasized that
the difference between the Pareto optimal and not Pareto optimal values is small. For those
cases, in which the criteria or alternatives scores derived from the pairwise comparison matrices
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are very close, the efficiency test may alter the ranking for other cases, it probably will not.
Although the Pareto modifications may appear not significant when considering the separated
pairwise comparison matrices, for the total AHP structure, their significance increase because
of the nature of the hierarchical structure. Provided the not Pareto optimal weight vector is on
an upper level of the hierarchy, the impact of the modified scores flow throughout the structure
and may cause rank-reversal among the criteria or alternatives.
Based on this, Pareto optimality test can be recommended for all AHP applications (evidently
which contain 4x4 or bigger PCM-s) but especially for those that are more complex with multilevel hierarchy of criteria or the eigenvector method produced very close values for the ranking.
As a remark for further research, the examination of Pareto optimality for Analytic Network
Process matrices and decision structure might be challenging, that could be the generalization
of AHP efficiency results.
7. The Summary of Scientific Results and Future Research
Having a reliable survey related to passenger satisfaction would be of significant importance
for public transportation supply quality. MCDM approaches were used to detect the satisfaction
level for the customers in different sectors. However, in Thesis 1, a pure AHP was conducted
to evaluate the public bus transport supply quality in an emerging city. The efficiency and
flexibility of AHP, make it a widespread application in making a robust and reliable outcome.
Furthermore, the group AHP was used to aggregate the answers for all evaluators to get a wellrounded idea about the real situation.
To make the public transport system not only efficient as possible, but also sustainable as
possible. In Thesis 2 the final results of three different evaluator groups have been aggregated
by using a dynamical technique which can be further considered. Moreover, Kendall’s
coefficient of concordance (W) was used to measure the agreement degree among different
evaluator groups. Public transport system has become a crucial issue for decision makers in
order to make sustainable development decisions. In Thesis 3, the interval pairwise comparison
matrices have been used to compute the final scores. Moreover, the provided results were
compared to the traditional AHP results.
In any public service development decision, it is essential to reach the stakeholders’ agreement
to gain a sustainable result which is accepted by all involved groups. In thesis 4, Fuzzy AHP
was applied which is capable of analyzing and creating consensus among different stakeholder
participants in a transport development problem. The application ensures that the consensus
creation is not only based on an automated computation process (just as in IAHP) but also on
the consideration of specific group interests. A better approximation may exist for
characterizing the decision makers’ opinion than the traditional eigenvector method of Saaty,
and the Pareto optimal modified vector may lead to better decisions. In Thesis 5, Paretooptimality was tested on real data pairwise comparison matrices gained from public transport
AHP questionnaire survey. In addition, the impact of weight score modification was detected
on the whole AHP structure and thus the significance of Pareto test is also a scope of this study.
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