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Abstract: Big cities suffer from serious complex problems such as air pollution, congestion, and traffic
accidents. Developing public transport quality in such cities is considered an efficient remedy to
obviate these critical issues. This paper aims to determine the significant supply quality criteria of
public transportation. As a methodology, a hybrid Analytic Hierarchy Process (AHP) combined with
the Best Worst Method (BWM) is applied. The proposed model is basically a hierarchy structure with
at least a 5 × 5 pairwise comparison matrix or larger. A real-world complex problem was examined to
validate the created model (public transport quality improvement). An urban bus transport system
in the Jordanian capital city, Amman, was used as a case study; three stakeholder groups (passengers,
nonpassengers, and representatives of the local government) participated in the evaluation process.
The conventional Analytic Hierarchy Process (AHP) leads to weak consistency in the case of existing
5 × 5 pairwise comparison matrices or larger, particularly in estimating complex problems. To avoid
this critical issue in AHP, we used Best Worst Method (BWM) comparisons, which make the evaluation
process easier for decision makers; moreover, it saves survey time and provides more consistency
when compared to AHP pairwise comparisons. The model adopted highlighted the most significant
service quality criteria that influence urban bus transport systems. Furthermore, the sensitivity
analysis conducted detected the stability of the criteria ranking in the three levels of the hierarchical
structure. Since the proposed AHP–BWM model (which is the sole example of this sort of combination)
is independent from the decision attributes, it can be applied to arbitrary hierarchically structured
decision problems with a relatively large number of pairwise comparisons.

Keywords: analytic hierarchy process; best worst method; decision making; public transport;
transport planning

1. Introduction

Big cities suffer from serious risks and critical problems, such as air pollution, noise pollution,
parking difficulties, road congestions, increasing transport costs, need for safety, and high infrastructure
maintenance costs. To cover these critical issues, citizens have to leave their own cars and start using
the public transport system. For this decision, among other personal considerations, different attributes
can be connected to public transport quality as influencers. The strategy of many large cities is to
retain public transport passengers or enhance a mode shift to public transport services; this leads to
decreased congestion and reduced air and noise pollution. To attract nonusers and encourage them
to leave their private vehicles and start using public transport, local government representatives in
metropolitan areas have to ameliorate the supply quality of public transport system.

Improving public transport supply quality and detecting the real demand of citizens for
its development were investigated by several scholars through employing not only statistical
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methodologies but also dynamical methodologies. In reference [1], the metropolitan Metro of
Seville service quality was evaluated to provide a reliable measurement tool for transit performance
by using composite index that combines the passenger point of view with the service provider point
of view. Reference [2] aimed to evaluate the service quality of public bus transport in the UK by
adopting a quality competition model and fare levels for high-density routes. Reference [3] determined
citizens’ perspectives regarding public transport service quality improvement by adopting a qualitative
approach, emphasizing the importance of understanding citizens’ demands and expectations, not only
to increase users’ satisfaction, but also to boost public transportation usage. Reference [4] proposed a
SERVQUL measurement approach to evaluate public transport service quality in Australia and the
questionnaire survey detected a significant gap between the real demand of citizens’ perspective and
the existing system. Reference [5] investigated commuters’ satisfaction towards public transport service
quality by adopting switching barrier theory; the theory was examined by using a two-step Structural
Equation Modeling (SEM) approach. For estimating public transport service quality, [6] adopted
an integrated the SERVQUL measurement approach based on bivariate correlation and EN 13816,
a European standard on service quality in public transport, which illustrated the significance of
reliability and frequency; moreover, they highlighted the gap between discernment and anticipation
for public transport service quality. Reference [7] utilized the SERVPERF approach (which is a
multiple-item technique for measuring service quality) for measuring the service quality factors of
airlines; the results highlighted reliability as the most significant factor, based on the passengers’
perspective. Reference [8] used a discrete choice model to evaluate public bus transport service quality
in Gran Canaria, Spain. They illustrated the importance of citizens’ preferences toward improving the
quality of the system. Reference [9] applied a P-TRANSQUAL approach (which is service quality model
of public land transport) to estimate and develop a service quality of public transport in Indonesia;
the applied approach would be useful for local government representatives in developing countries.
Reference [10] presented the unreliability of public transport service quality results over time through
application of an empirical study for selecting users’ point of view toward public transport service
quality, and highlighted that cross-temporal comparison of service quality data must be interpreted
with caution for public transport quality management. Reference [11] suggested a combination of
Generalized Regression Neural Network (GRNN), Probabilistic Neural Network (PNN) and Pattern
Recognition Neural Network (PRNN) approaches to analyze the service quality of public transport in
Dhaka, Bangladesh. In their study, the physical comfort, reliability, and time availability were the most
significant criteria from users’ perspective. Reference [12] examined public satisfaction and perceptions
towards public transport quality in Granada. As a methodology, they conducted nonlinear principal
component analysis (NLPCA) with a logit multilevel model (LMLM). The study conducted by [13]
evaluated the service quality criteria of public bus transport in Batna, Algeria, which included the
satisfaction degree toward the system by measuring and applying a survey based on factor analysis.

More recently, there is growth in the use of decision support methodologies, not only to evaluate
and develop public transport supply quality but also to increase passengers’ satisfaction level.
Reference [14] aimed to explore the most important factors affecting public bus transport supply
quality within Yurihonjo, Japan. They adopted the Analytic Hierarchy Process (AHP) approach for
prioritizing the supply quality criteria, and three different main groups (users, government, and the
transport operator company) participated in the questionnaire survey; as a result, approachability
was the most significant issue for users and government, while it was the third most significant issue
for operators. Reference [15] adopted a novel combination of Decision-Making Trial and Evaluation
Laboratory (DEMATEL) and Analytic Network Process (ANP) to evaluate the service quality of the
Taiwanese airline industry. Reference [16] proposed a novel Multi Criteria Decision Making (MCDM)
approach based on Group Analytic Hierarchy Process (GAHP) and Preference Ranking Organization
Method for Enrichment of Evaluations (PROMETHEE) with the Delphi method to improve Tehran’s
public transport and estimate users’ satisfaction for supporting decision makers in their decisions.
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The results illustrated the metro as the most important mode and the local government representatives
must pay attention to this issue.

Reference [17] integrated MCDM methods with fuzzy sets to improve the quality of airline service
in Turkey; the results obtained expressed evaluators’ preferences are more reliable and suitable due to
utilizing fuzzy sets, which provide more accurate decisions. Reference [18] utilized combined AHP and
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) to estimate public bus transport
service quality; the results illustrated the convenience and frequency as the most significant service
quality criteria from the passengers’ point of view. Reference [19] created a new aggregation method
by adding an extra level of stakeholder groups (users, nonusers, and local government); moreover,
Kendall rank correlation was used to detect the gap between the groups’ preferences, where the
results showed a significant gap between users’ and the local government’s opinion in Mersin, Turkey.
Reference [20] presented a novel approach of AHP with Pareto optimality to develop the quality
service of public transport. This model led to better approximation for evaluators—judgments that
reflected the real intention of the decision maker. Reference [21] detected passengers’ demand toward
developing public transport supply quality in Amman, Jordan, by conducting the conventional AHP
and extended the hierarchy structure of public bus transport supply quality of [14] by injecting the fare
as a main criterion in the system; the outcomes showed the fare as the third most important criteria
from passengers’ point of view. To deal with the inconsistencies and uncertainties of citizens’ answers
in evaluating the urban transport quality, [22] adopted the interval AHP approach and compared users’
perspectives with nonusers’ and experts’ point of view. Reference [23] applied the AHP approach in a
fuzzy environment to mitigate the uncertainty of the citizens’ evaluations for the supply quality of the
urban bus transport system. Reference [24] presented how citizens’ demand affect public transport
improvement decision sustainability by using Multicriteria Decision Making (MCDM) methodologies,
such as Fuzzy AHP and Interval AHP.

In this study, we shed broad light on the most significant points for future strategic improvement
plans. The study presents an integrated MCDM model to evaluate public transport supply quality with
participating users, public transport experts, and local government representatives in the questionnaire
survey. Reference [25] conducted a review paper to support the decision maker in the design and
operation of urban passenger transport systems. The MAMCA approach [26] was introduced to evaluate
the transport projects in this research, with the author taking into consideration the quantitative and
qualitative factors and their relative importance. In [27], multicriteria decision analysis was introduced
to compare a bus rapid transit system (BRT) and a light rail transit system (LRT). Reference [28]
improved the traditional service evaluation approaches by using AHP and the Fuzzy Sets Theory
by considering the Italian public transit service sector. Reference [29] assisted the service quality in
healthcare system by developing a new decision-making model that relies on the SERVQUAL–fuzzy
AHP approach.

The AHP–BWM model introduced here can be recommended in all decision cases in which
the attributes are hierarchically structured and pairwise comparisons are necessary among a high
number of decision criteria. Connecting BWM unburdens the evaluators, generates more consistent
results, and makes the survey process easier and faster. This combination of two MCDM approaches
can be considered pioneering, since prior related literature dominantly handled AHP and BWM
as competitors. In our case study, the ranking of transport system attributes can demonstrate the
applicability of the new innovative model very well.

The study questions addressed in this paper are: What are the main criteria affecting the supply
quality of public transport? What are the stakeholder perspectives towards developing the public
transport plan? To investigate a solution for these questions, pairwise comparisons surveys were
conducted in the capital of Jordan, Amman.



Appl. Sci. 2020, 10, 4158 4 of 19

2. Materials and Methods

2.1. Public Buses Questionnaire (PBQ) Survey

The questionnaire survey technique was a predefined series of questions used to collect data
from individuals [9,10]. Some recent studies applied a public transportation questionnaire to assess
the real-world situation by considering the significant transport quality factors and interrelations
between the observed factors [20]. This study utilized the public transportation questionnaire (PBQ)
as a tool to collect preferences of different stakeholder’s data, based on perceived supply quality
issues. The case study was conducted for commuter, noncommuter passengers, public transport
experts, and municipal officials in the Jordanian capital city, Amman. To do so, the targeted groups
(passengers, public transport experts, and municipal officials) were asked to fill out the PBQ by
face-to-face technique, which enhanced its reliability. The questionnaire survey was designed in two
parts. The first part intended to accumulate demographic data about the participants and the results
are tabulated in Table 1.

Table 1. Pattern characteristics of participated evaluators.

Variables Passengers Public Transport Experts Municipal Officials

N 200 5 5
Gender (%)

Male 51 100 40
Female 49 0 60

The second part of PBQ, which was designed based on the Saaty scale, was used to analyze
the significant supply quality related to public transport. This study concerned the current public
transportation situation in Amman and evaluated any decisions to improve it. For evaluation,
the supply quality factors were designed in a three-level hierarchical structure with each factor
symbolized with the code C, as shown in Figure 1. These supply quality factors have a significant
influence on the public transportation system, as discussed in the foregoing studies [19,21].

There are 4 main criteria of the constructed model, the first one is Service Quality, which is
everything excluding transport itself, and it has five sub-criteria. The second one is Transport Quality
represents the real-time on the vehicle and it has three sub-criteria. The third one is Tractability,
which means getting information from every aspect, has three sub-criteria. Lastly, Fare represents
ticket types and price, and it has three sub-criteria.

2.2. Overview of the Conventional Analytic Hierarchy Process (AHP)

The hierarchical decision structure is the foundation of the Analytical Hierarchy Process (AHP),
which is constructed from complex decision elements [30,31]. The hierarchical data structure generally
consists of multilevels. The multilevels concept is a general structure for the hierarchy. The application
was used to evaluate several transportation complex problems [32–35]

The importance of the linkages among the criteria in the different levels are determined by a
global score for the criteria in the last level. The main steps of the conventional AHP follow:

• Set up the hierarchical structure of the decision problem. From the top, with the ultimate goal of
the decision, then the objectives, through the intermediate levels (criteria on which subsequent
elements depend), to the lowest level (which usually is a set of the alternatives). (Please see
Figure 1 as an example for a decision hierarchy. This structure was used in this case study.)

• Construct the pairwise comparison matrices based on the hierarchy.
• For the comparisons, a questionnaire needs to be prepared.
• Check the consistency.
• Aggregate by the geometric mean.



Appl. Sci. 2020, 10, 4158 5 of 19

• Weight vectors need to be derived.
• Calculate the global scores.
• Perform a sensitivity analysis.

Figure 1. The hierarchical model of the public bus transportation supply quality criteria [21].

The pairwise comparison matrices (PCMs) are a positive square matrix Ax, where xi j > 0 is the
subjective ratio between wi and w j, and wx is the weight score from Ax. The following equation can
calculate the eigenvector method of Saaty, which defined for the PCMs:

A.wx = λmax.wx ⇐⇒ wx(A− λmax.I) (1)

where the maximum eigenvalue of the A matrix is λmax.
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The structure of (5 × 5) consistent theoretical PCMs is defined in (2):
w1/w1 w1/w2 w1/w3 w1/w4 w1/w5

w2/w1 w2/w2 w2/w3 w2/w4 w2/w5

w3/w1 w3/w2 w3/w3 w3/w4 w3/w5

w4/w1 w4/w2 w4/w3 w4/w4 w4/w5

w5/w1 w5/w2 w5/w3 w5/w4 w5/w5


(2)

Reciprocity is applied for each pairwise comparison matrix x ji = 1/xij, where xii = 1 is ensured.
However, consistency is probably not performed for empirical matrices. The consistency criterion is

xik = xi j.x jk (3)

The questionnaire surveys were filled out by three decision-maker groups, taking into consideration
the evaluated system factors related to public transportation established upon a Saaty’s scale (Table 2).

Table 2. Saaty’s determination scale for relative weight score of elements [36].

Numerical Values Explanation

1 Elements are equally importance
3 Element is more important over another.
5 One element is strongly important than the other one
7 One element is very strongly important than the other one
9 One element is favored by at least an order of magnitude

2, 4, 6, 8 Used to compromise between two judgments

Eigenvector methodology contains inconsistency in the empirical matrices despite filled by
the evaluators.

To have more robust outcomes, a consistency check was conducted by Saaty to examine the
consistency of the PCMs:

CI =
λmax −m

m− 1
(4)

where CI is the Consistency Index, the maximum eigenvalue of the PCM is λmax, and m is the number
of rows in the matrix. The following equation computes the consistency ratio (CR):

CR = CI/RI (5)

where the average of the consistency index (RI) and its values are presented in Table 3. The agreeable
value of CR in the AHP approach is CR < 0.1.

Table 3. Average of the consistency indices (RI) from randomly generated matrices.

m 1 2 3 4 5

RI 0 0 0.58 0.9 1.12

Sensitivity analysis enables in perceiving the effects of alternates in the main element on the
subelement ranking, and helps the decision maker to check the stability of results throughout the process.

2.3. Overview on Best Worst Method (BWM)

The general model of BWM was customized to the decision problem of improving public bus
transport. In our research, no alternatives were applied; only one matrix (5 × 5) in the second level of
the hierarchy structure was evaluated since we relied on three different group considerations and did
not strive to influence their judgments by any alternative selection.
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To provide an overview of all stages for the recent survey, we defined the phases in the
following order.

Step 1: Identify the main and submain criteria for public bus transport supply quality.
Step 2: Define the most important (MI) and the less important (LI) criteria by simple scoring of

the participants.
Step 3: Evaluate the pairwise comparisons between MI criteria by using a 1–9 scale, where 1 is

“equal importance” and 9 means “extremely more important.” The result of this step is represented by
the following vector:

VB = (vB1, vB2, . . . , vBn) (6)

where vBj is the preference of criterion B (the most important or the best) over the criterion j and
vBB = 1. In our model n = 5, since we have five criteria to compare, j = (1, 2, . . . , 5).

Step 4: Make the pairwise comparisons between LI criteria by using the 1–9 scale. The result of
this step is represented by the following vector:

VW = (v1W , v2W , . . . , vnW)T (7)

where v jW is the preference of criteria j (the most important or the best) over the criteria W, and vWW = 1.
Since we have five criteria to compare in our model, j = (1, 2, . . . 5), then n = 5.

Step 5: Calculate the final optimal weight scores (s∗1, s∗2, . . . , s∗n) of the criteria, and the indicator
of the optimal consistency of comparisons ξ∗.

The maximum absolute difference must be minimized:

min max j

{∣∣∣∣ sB
s j
− vBj

∣∣∣∣, ∣∣∣∣ s j
sW
− v jW

∣∣∣∣ }∑s.t.
j W j = 1, W j ≥ 0, for all j

(8)

After that, the solution can be obtained by solving the linear programming (LP) formula:

min ξ∗

s.t.∣∣∣∣ s j
sW
− v jW

∣∣∣∣ ≤ ξ∗, for all j∑
j

s j = 1

s j ≥ 0, for all j

(9)

The following formula computes the consistency ratio to check the consistency of the
comparisons [37]:

Consistency Ratio =
ξ∗

Consistency Index
(10)

The consistency index (CI), presented in Table 4, is gained by random experiments for a different
number of comparisons [38].

Table 4. The consistency index (CI) values for computing the consistency ratio.

vBD 1 2 3 4 5

CI 0 0.44 1 1.63 2.3

Consistency Ratio (CR) is acceptable in BWM methodology for the case when its value is between
0 and 1. This ratio can be calculated for individual evaluators, or for groups when the scores of the
group are first aggregated by creating the geometric mean of the scores and then conducting the
consistency check. In our case, the CR was checked individually.
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In the following, an evaluation example with BWM method for the (5 × 5) matrix, which is an
evaluator’s estimation regarding the MI and LI criteria are presented.

The example shown in Table 5 demonstrates the scoring of a respondent to the most important
criteria, which in this case was Directness. The lower number indicates the closeness of other criteria
to the most important one. The higher score represents a larger gap between the other criteria and the
most important criterion.

Table 5. Example of evaluating service quality criteria by comparing to the most important one.

Service Quality Approachability Directness Time Availability Speed Reliability

MI criteria:
(Directness) 3 1 5 2 7

In Table 6. the evaluator indicated Reliability as the less important criterion to be developed.
The higher score represents the larger gap between the other criteria and the least important criterion.

Table 6. Example of evaluating service quality criteria by comparing to the least important one.

Service Quality Approachability Directness Time Availability Speed Reliability

LI criteria:
(Reliability) 4 6 5 3 1

Having selected the public transport service quality criteria and according to the BWM logic,
the following questionnaire was created:

• Please select the most important (MI) and the less important (LI) criteria for improving public
transport service quality;

• Please evaluate other criteria concerning the most important criteria by using (1–9) scale;
• Please evaluate other criteria concerning the less important criteria by using (1–9) scale.

We demonstrate the detailed calculation of the public transport service quality criteria scores for
this example s = {s1, s2, s3, s4, s5}, computed by applying the BWM LP (see Equation (9)):

min ξ∗

s.t.
s2 − 3.s1 ≤ ξ∗

s2 − 1.s2 ≤ ξ∗

s2 − 5.s3 ≤ ξ∗

s2 − 2.s4 ≤ ξ∗

s2 − 7.s5 ≤ ξ∗

s5 − 4.s1 ≤ ξ∗

s5 − 6.s2 ≤ ξ∗

s5 − 5.s3 ≤ ξ∗

s5 − 3.s4 ≤ ξ∗

s1 + s2 + s3 + s4 + s5 = 1
s1 ≥ 0, s2 ≥ 0, s3 ≥ 0, s4 ≥ 0, s5 ≥ 0

The weight scores for this specific evaluation are the following normalized values:
s = {0.177, 0.4049, 0.1062, 0.2655, 0.0465}, and the Consistency Ratio (CR = 0.1261) is acceptable
because it is lower than 1.

2.4. The Proposed AHP–BWM Model

The proposed model aims to decrease the number of pairwise comparisons and improve their
consistency. Reference [36] recommended avoiding 5 × 5 pairwise comparison matrices, due to the lack



Appl. Sci. 2020, 10, 4158 9 of 19

of consistency. For this reason, we adopt the BWM approach, not only to obtain more consistent pairwise
comparison 5 × 5 matrices, but to also reduce the evaluated number of comparisons. This matter reflects
the efficiency of the BWM approach in time and effort saving for both evaluators and analyzers.

In the simple AHP approach, to obtain a completed pairwise comparison matrix for an n factor,
we need to evaluate n(n− 1)/2 pairwise comparisons. On the other hand, the BWM method needs
only 2n − 3 PCs. For instance, if a problem consists of 20 factors, then the decision maker has to
evaluate 190 PCs based on AHP approach, while she or he has to compare only 37 comparisons based
on BWM. This matter shows the efficiency of BWM in time and effort savings for both decision makers
and analyzers.

In the first level of the hierarchical model, the evaluators filled the matrix by factors with symbols
PC12, PC13, and PC23 in order to compare among PC1, PC2, and PC3.

In the pure AHP, the evaluator has to evaluate twenty-eight comparisons (12 comparisons for
four (3 × 3) matrices + 1 comparison for one (2 × 2) matrix + 15 comparisons for (6 × 6) matrix).

However, in the proposed AHP–BWM model, the evaluator has to evaluate only twenty
comparisons. The main steps of the proposed AHP–BWM model are shown in Figure 2.

Figure 2. Steps of the proposed Best Worst Method–Analytic Hierarchy Process (BWM–AHP) model.

3. Results and Discussion

The AHP–BWM model was applied based on the size of matrices to evaluate more effectively
the supply quality factors related to public transportation. Firstly, the analytic hierarchy process
used for the hierarchical structure contains one (4 × 4) matrix, five (3 × 3) matrices, and two (2 × 2)
matrices. The BWM was applied in the second level for the (5 × 5) matrix to compute the weight scores;
this method helps us to perform only seven comparisons for the (5× 5) matrix instead of 10 comparisons
based on AHP. Furthermore, the reliability of the pairwise comparisons consistency in AHP and BWM
was checked, and it was acceptable for all of them. Table 7 presents the weights and scores results
for stakeholders in sequence (passengers, public transport experts, and municipal officials). An AHP
survey was conducted in Amman, Jordan, to examine participants’ views on the supply quality of
the public bus transport system. The optimal purpose was to provide Amman Municipality with
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a comprehensive evaluation approach for ranking public bus transportation development project
proposals from the aspect of public and governmental needs. Participant groups consisted of three
groups (passengers, public transport experts, and municipal officials). These three groups are believed
to be most important to the success of the public transport system, especially the first group (passengers)
because if they were satisfied, then the demand will be as expected and maybe more, consequently the
system will succeed.

Table 7. The final weights and level ranks for the factors in the first level.

Factor Decision Maker Weight Rank

C1
Passengers 0.2076 3

Public Transport Experts 0.1188 4
Municipal Officials 0.3473 1

C2
Passengers 0.3559 1

Public Transport Experts 0.2654 2
Municipal Officials 0.2771 2

C3
Passengers 0.1995 4

Public Transport Experts 0.3754 1
Municipal Officials 0.191 3

C4
Passengers 0.2371 2

Public Transport Experts 0.2404 3
Municipal Officials 0.1846 4

The properties of the conducted survey based on the model follow:

- Two-hundred ten evaluators from different groups (5 municipal officials + 5 public transport
experts in the relevant field + 200 public passengers) participated. The participants’ numbers are
clearly not statistically representative, nevertheless all MCDM techniques (including AHP) give a
deeper insight based on pairwise comparisons than simple statistical surveys [31].

- Participants were randomly selected; the five public transport experts work in the transportation
field and possess sufficient experience, while the five municipal officials work in Amman
municipality and have enough experience.

- The survey data were collected during January and February 2020, and analyzed in March 2020.
- The approximate time of evaluating the questionnaire for passenger participants was 25 min while

for public transport experts and municipal officials it took approximately 20 min; the results were
highly consistent. A mentor helped both groups in the evaluation, which resulted in relatively
good consistency with CR less than 0.1 for three participating groups.

Based on the final weight scores for the first level (Table 7) it is visible that “Transport quality C2”
improvement initiations, such as improvement in physical comfort, mental comfort, and safety of travel
to raise passenger satisfaction, might be effective in the case of Amman. Municipal officials, seeing that
improving the “Supply quality C1” is the top priority, may consider purchasing new buses to raise
municipal officials’ satisfaction, which might be effective. But public transport experts have chosen
“Tractability C3” as a top priority to be improved in the first place. This schism between the three
stakeholders is interesting and leading to an optimal solution. There is no unified decision between
the three decision makers on any one of the factors to improve in the first level. Service quality ranks
third among the supply quality factors from the passengers’ point of view, while the public transport
experts evaluated it in the eight position among the supply quality factors, which means that C1 is not
the priority to be improved from their point of view, as shown in Figure 3.
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Figure 3. The main factors ranks based on the different group preferences in the first level.

Table 8 demonstrates the results of the evaluator groups in level 2. The combined AHP–BWM
model was applied due to three (3 × 3) matrices (AHP) and one (5 × 5) matrix (BWM). Level 2 results
exhibit this phenomenon more explicitly (see Table 7). “Mental comfort C23” has the priority as it
is ranked on the first position to be improved for the three groups. Reference [39] worked on the
safety of public transportation in developing countries to improve it by conducting a specific agenda.
This underlines the necessity of reorganizing the public bus network in the city, or might hint on
examining the drivers’ behavior of public buses and on initiating the training of drivers to avoid and
minimize the safety of travel issues, and accordingly, the mental comfort for the passengers will be
improved. While “Discounted tickets for pensioners or students C43” has the priority to be improved
from the passengers’ evaluation perspective, "Directness C12" is the second priority for municipal
officials improve (second place in level 2), due to their belief that this criterion will raise the demand on
public buses in the city. “Info before travel C32” has the second position for public transport experts
(Figure 4); the experts believe that initiating a new mobile application to let the traveler know more
information about the journey will raise the reliability and demand on public transportation above the
current situation.

Table 8. The final weights and ranks for the factors in the second level.

Criteria
Name

Passengers Public Transport Experts Municipal Officials

Weight
Score

Final
Weight
Score

Rank Weight
Score

Final
Weight
Score

Rank Weight
Score

Final
Weight
Score

Rank

C11 0.0906 0.0188 13 0.1176 0.014 13 0.0909 0.0316 11
C12 0.1087 0.0226 12 0.1961 0.0233 11 0.5137 0.1784 2
C13 0.4719 0.0980 3 0.4779 0.0568 9 0.2122 0.0737 3
C14 0.2717 0.0564 8 0.1471 0.0175 12 0.1273 0.0442 8
C15 0.0572 0.0119 14 0.0613 0.0073 14 0.0558 0.0194 14
C21 0.2499 0.0889 6 0.1825 0.0484 8 0.2203 0.0610 6
C22 0.2557 0.0910 4 0.1908 0.1663 7 0.2622 0.1434 5
C23 0.4944 0.1760 1 0.6267 0.0506 1 0.5175 0.0727 1
C31 0.2936 0.0586 7 0.3187 0.1196 3 0.2525 0.0482 12
C32 0.4490 0.0896 5 0.4930 0.1851 2 0.3688 0.0705 9
C33 0.2574 0.0513 10 0.1883 0.0707 6 0.3787 0.7230 10
C41 0.1993 0.0473 11 0.1616 0.0389 10 0.3926 0.0725 4
C42 0.2227 0.0528 9 0.3159 0.0759 5 0.3540 0.0653 7
C43 0.5780 0.1370 2 0.5225 0.1256 4 0.2534 0.0468 13
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Figure 4. The subfactors rank based on the different group preferences on the second level.

The application of AHP–BWM model resulted in more consistent weights, facilitating the
completion of prepared questionnaires for the decision makers.

Table 9 presents the stakeholder results for level three in the sequence (passengers, public transport
experts, and municipal officials). For the third level and from the municipal officials’ preferences, the model
results showed “Fit connection (C122)” as the most significant supply quality factor related to public
transportation. This result can be justified as that connection between bus lines and routes, or between
buses and other types of public modes are essential to ensure the directness of the system [40], although
“Frequency of lines (C131)” is the most significant criterion that needs improvement from the passengers’
point of view. Same as passengers, the public transport experts evaluated “Frequency of lines (C131)” as
a priority to be improved subsequently, and the model results observed the “Distance to stop (C111)”
criterion at the last position for both passengers and municipal officials (Figure 5), which means that it can
be the last issue on the list to be improved.

Table 9. The final weight and ranks for the factors in the third level.

Criteria
Name

Passengers Public Transport Experts Municipal Officials

Weight
Score

Final
Weight
Score

Rank Weight
Score

Final
Weight
Score

Rank Weight
Score

Final
Weight
Score

Rank

C111 0.1913 0.0036 10 0.2379 0.033 9 0.1991 0.0063 10
C112 0.2144 0.0040 9 0.5011 0.007 8 0.2976 0.0094 9
C113 0.5943 0.0112 7 0.2610 0.0036 10 0.5033 0.0159 6
C121 0.2996 0.0068 8 0.3137 0.0073 5 0.3777 0.0674 4
C122 0.7004 0.0158 5 0.6863 0.016 3 0.6223 0.111 1
C131 0.6569 0.0644 1 0.5217 0.0296 1 0.4088 0.0301 3
C132 0.3431 0.0336 2 0.4783 0.0272 2 0.5912 0.0436 2
C141 0.2182 0.0123 6 0.2233 0.0039 7 0.2347 0.0104 8
C142 0.4102 0.0231 3 0.4662 0.0081 4 0.4532 0.02 5
C143 0.3716 0.0210 4 0.3105 0.0054 6 0.3121 0.0138 7



Appl. Sci. 2020, 10, 4158 13 of 19

Figure 5. The subfactors ranks based on the different group preferences on the third level.

3.1. Sensitivity Analysis

The final priorities of the alternatives rely highly on the weights linked to the main criteria.
Minor changes within the relative weights can, therefore, cause major changes in the final ranking.
Since these weights are usually based on highly subjective evaluation and judgments, the stableness of
the ranking under varying criteria weights needs to be tested. For this purpose, sensitivity analysis
can be performed based on scenarios that reflect alternative future developments or different views on
the relative importance of the criteria [41]. Through increasing or decreasing the weight of individual
criteria, the resulting changes within the priorities and thus the ranking of the alternatives are often
observed. Sensitivity analysis, therefore, provides information on the stableness of the ranking. If the
ranking is extremely sensitive to small changes within the standard weights, a careful review of the
weights is usually recommended. In addition to this, decision criteria should be included as a sensitive
ranking point to a weak discrimination potential for this set of criteria.

For this purpose, the weights of the important criteria are separately altered, simulating weights
between 0% and 100%.

Performance sensitivity of alternatives was analyzed for the three decision groups. For the
passengers’ group (see Table 10), when “Transport quality” was increased from 0.3559 to 0.36,
this change did not affect the first level and each criterion kept its same position, while a change was
detected in the second level. “Physical comfort” moved to the fifth position in place of the “Info before
travel” criterion, while in the third level, the “Safety of stops” criterion fell to the seventh position
instead of “Comfort of stops”, which means that minor changes were detected for the passengers’ group.

For the public transport expert group, the change of scores is very minor in the first level and did
not change the position of the criteria, but in level 2 some changes were observed due to the sensitivity
analysis check. The “Info before travel” attribute moved to the first position for this minor change and
“Time availability” improved its ranking by moving to the seventh position. Thus, level 2 was found to
be sensitive (shown in Table 11). “Physical comfort” and “Mental comfort” both fell by one position.
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In level 3, the attributes proved to be stable in their rankings, especially for the first five positions,
while the ranking was otherwise changed, as shown in Table 11.

Table 10. Weight scores and ranking after the sensitivity check for passengers’ group.

Level Criteria Weight Scores New Final
Weight Scores New Ranking Old Ranking

Level 1

Transport Quality 0.3559 0.36 1 1
Service Quality 0.2076 0.21 3 3

Fare 0.2371 0.23 2 2
Tractability 0.1995 0.2 4 4

Level 2

Approachability 0.0188 0.0190 13 13
Directness 0.0226 0.0228 12 12

Time availability 0.0980 0.0991 3 3
Speed 0.0564 0.0571 8 8

Reliability 0.0119 0.0120 14 14
Physical comfort 0.0889 0.0900 5 6
Mental comfort 0.0910 0.0920 4 4
Safety of travel 0.1760 0.1780 1 1

Perspicuity 0.0586 0.0587 7 7
Info before travel 0.0896 0.0898 6 5
Info during travel 0.0513 0.0515 9 10
One-way tickets 0.0473 0.0458 11 11

Weekly/monthly tickets 0.0528 0.0512 10 9
Discounted tickets 0.1370 0.1329 2 2

Level 3

Distance to stop 0.0036 0.0036 10 10
Safety of stops 0.0112 0.0113 7 9

Comfort of stops 0.0040 0.0041 9 7
Need for transfer 0.0068 0.0068 8 8

Fit connection 0.0158 0.0160 5 5
Frequency of lines 0.0644 0.0651 1 1

Limited time of use 0.0336 0.0340 2 2
Journey time 0.0123 0.0124 6 6

Awaiting time 0.0231 0.0234 3 3
Time to reach stops 0.0210 0.0212 4 4

For the municipal officials group, interestingly, the change had an effect on the score positions
for criteria when the weight of the “Transport Quality” criterion was changed from 0.3473 to 0.3500.
The ranking was changed in the first level; “Fare” moved to the third position instead of “Tractability”,
but in level 2 some changes were observed due to the sensitivity analysis check. The “Directness”
attribute moved to the first position for this minor change, and “Safety of travel” moved to the second
position. Hence, level 2 was found to be sensitive, as shown in Table 12. Level 3 was affected by
the sensitivity check, but “Fit connection” proved to be stable even when the sensitivity check was
conducted, and kept its first position in this level. Nevertheless, the “Need of transfer” criterion rose to
the second position from its previous fourth position (Table 12).

3.2. Comparison of the Proposed AHP–BWM Model with Traditional AHP and BWM Approaches

Table 13 shows the basic differences between the proposed model and the pure AHP approach,
taking in consideration the constructed hierarchy structure of public bus transport supply quality.
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Table 11. Weight scores and ranking after the sensitivity check for the public transport experts group.

Level Criteria Weight Scores New Final
Weight Scores New Ranking Old Ranking

Level 1

Transport Quality 0.1188 0.1200 4 4
Service quality 0.2654 0.2600 2 2

Fare 0.3754 0.3800 1 1
Tractability 0.2404 0.2400 3 3

Level 2

Approachability 0.0140 0.0141 13 13
Directness 0.0233 0.0235 11 11

Time availability 0.0568 0.0574 7 9
Speed 0.0175 0.0176 12 12

Reliability 0.0073 0.0074 14 14
Physical comfort 0.0484 0.0475 9 8
Mental comfort 0.0506 0.0496 8 7
Safety of travel 0.1663 0.1629 2 1

Perspicuity 0.1196 0.1211 4 3
Info before travel 0.1851 0.1873 1 2
Info during travel 0.0707 0.0716 6 6
One-way tickets 0.0389 0.0388 10 10

Weekly/monthly tickets 0.0759 0.0758 5 5
Discounted tickets 0.1256 0.1254 3 4

Level 3

Distance to stop 0.0033 0.0034 10 9
Safety of stops 0.0070 0.0071 6 8

Comfort of stops 0.0036 0.0037 9 10
Need for transfer 0.0073 0.0074 5 5

Fit connection 0.0160 0.0161 3 3
Frequency of lines 0.0296 0.0229 1 1

Limited time of use 0.0272 0.0274 2 2
Journey time 0.0039 0.0039 8 7

Awaiting time 0.0081 0.0082 4 4
Time to reach stops 0.0054 0.0055 7 6

As Table 13 demonstrates, the proposed AHP–BWM model is between the AHP and BWM
models from the aspect of pairwise comparisons, evaluation time, and level of consistency. We have
to emphasize, however, that although BWM has significant practical advantage compared to AHP
due to the less demanding evaluation phase, AHP covers all possible pairwise comparisons among
the decision attributes. Thus, AHP provides more information on the relation of the attribute pairs
than BWM. The AHP–BWM model created combines the advantages of the two original methods.
It preserves the complete information of AHP in the case of smaller pairwise comparison branches in
the decision structure, but in those cases, in which total pairwise comparisons would be demanding
and probably inconsistent, it applies BWM.

3.3. AHP–BWM vs. SAW and SEM

Since public transport quality evaluations are generally conducted by two mainstream modeling
techniques, Simple Additive Weighting (SAW) [42] and Structural Equation Modeling (SEM) [43],
we present the comparison of our proposed AHP–BWM model with them. Obviously, the survey
procedure is very different for the three different methodologies, so the comparison is just based on
qualitative aspects.

Table 14 shows that the new method is competitive with the two other general methodologies,
especially in the case when consistency is highly important for the decision makers. Obviously,
SAW and SEM are well applicable and SAW can be recommended when low consistency is not a risk in
the final derivation of the scores of attributes. SEM is suggested in those cases in which the interactions
of the attributes are possible and important from the aspect of the final result.
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Table 12. Weight scores and ranking after the sensitivity check for the municipal officials group.

Level Criteria Weight Scores New Final
Weight Scores

New
Level-Wise

Ranking

Old
Level-Wise

Ranking

Level 1

Transport Quality 0.3473 0.3500 1 1
Service quality 0.2771 0.2700 2 2

Fare 0.1910 0.2000 3 4
Tractability 0.1846 0.1800 4 3

Level 2

Approachability 0.0316 0.0318 13 11
Directness 0.1784 0.1798 1 2

Time availability 0.0737 0.0743 4 3
Speed 0.0442 0.0446 12 8

Reliability 0.0194 0.0195 14 14
Physical comfort 0.0610 0.0595 9 6
Mental comfort 0.0727 0.0708 6 5
Safety of travel 0.1434 0.1397 2 1

Perspicuity 0.0482 0.0505 10 12
Info before travel 0.0705 0.0738 5 9
Info during travel 0.0723 0.0757 3 10
One-way tickets 0.0725 0.0707 7 4

Weekly/monthly tickets 0.0653 0.0637 8 7
Discounted tickets 0.0468 0.0195 11 13

Level 3

Distance to stop 0.0063 0.0063 10 10
Safety of stops 0.0094 0.0095 9 9

Comfort of stops 0.0159 0.0160 6 6
Need for transfer 0.0674 0.0679 2 4

Fit connection 0.1110 0.1119 1 1
Frequency of lines 0.0301 0.0304 4 3

Limited time of use 0.0436 0.0439 3 2
Journey time 0.0104 0.0105 8 8

Awaiting time 0.0200 0.0202 5 5
Time to reach stops 0.0138 0.0139 7 7

Table 13. The main differences between the proposed model and the pure AHP and BWM approaches.

AHP BWM AHP–BWM

Pairwise comparison numbers 33 29 30
Average evaluation
time (minutes) 35 29 32

Consistency status
Weak consistency in
the case of existing

5 × 5 or larger PCMs

High transparent
consistency but might

contain hidden
inconsistency

Generates more
consistency compared

to pure AHP in the
case of existing 5 × 5 or

larger PCMs

Table 14. Comparison of the proposed method with mainstream techniques.

SAW SEM AHP–BWM

Evaluation logic comparisons direct evaluations comparisons
Average evaluation time high low middle
Consistency status low low high
Nonhierarchical
connections
among attributes

not allowed allowed and computed not allowed

4. Conclusions

Creating an appropriate methodology is a crucial issue in every survey-based decision support
system. The results gained need to provide sufficient information for the analysis but simultaneously,



Appl. Sci. 2020, 10, 4158 17 of 19

the survey should be easy to conduct without burdening the respondents with complex and
time-consuming questionnaires.

Based on our results, the integrated AHP–BWM model fulfills these requirements. Amending
AHP on the selected level of the decision hierarchy avoids the huge number of pairwise comparisons
while maintaining the consistency requirement of the evaluations. Obviously, in BWM we lose some
information due to the reduced comparisons; that is why we kept the AHP for the other levels. We can
conclude that there is a tradeoff between the information gained by the responses and the saving of time
and energy for the respondents in the survey process. However, the AHP–BWM model introduced can
balance between these two conflicting criteria and makes the survey closer to optimal.

The analysis and results presented indicate that the consistency of the responses is provided
both for the AHP and BWM parts; moreover, the priority ranking gained is robust, as proven by the
conducted sensitivity check. The new model requires a simple questionnaire with relatively short
response duration and high response rate. Further, the computational time of the analysis is low and
without the need for huge calculation capacity. The results are understandable and easy to present for
the decision makers.

Limitation of the research is the representativity of the survey pattern, which could be extended
in future studies. In addition, a comparison with other techniques, for instance, Structural Equation
Modeling (SEM), is recommended to reveal similarities and differences of the attribute priorities gained.

As a remark for further research, other applications are suggested to discover the real nature of
the proposed hybrid AHP–BWM model, concentrating on the benefits and still uncovered pitfalls of
the methodology.
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