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Abstract: 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 case this
criterion is violated, the impact of the development will be less than expected due to the resistance
of one group or another. Concerning public urban transport decisions, the lack of consensus
might cause lower utilisation of public vehicles, thus more severe environmental damage, traffic
problems and negative economic impacts. This paper aims to introduce a decision support procedure
(applying the current MCDM techniques; Fuzzy and Interval AHP) which is capable of analysing and
creating consensus among different stakeholder participants in a transport development problem.
The combined application of FAHP and IAHP 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. Thus, the decision makers have the liberty to express their preferences in urban
planning, along with the consideration of numerical results. The procedure has been tested in a
real public transport improvement decision as a follow-up project, in an emerging city, Mersin,
Turkey. Results show that by the application of the proposed techniques, decision-makers can be
more aware of the conflicts of interests among the involved groups, and they can pay more attention
to possible violations.

Keywords: fuzzy analytic hierarchy process; interval analytic hierarchy process; public transport;
multi-criteria decision-making; supply quality

1. Introduction

Cities worldwide suffer from population growth and rapid urbanisation, which makes utilising
public transportation the right solution to reduce traffic, environmental and public health problems.
Public participation in decision making is a crucial issue-on the one hand, the people ought to have the
opportunity to influence decisions that affect their lives, and on the other hand, the implementations
will only be practical if they meet citizens’ need. The achievement of public participation relies upon
how far the public is permitted to be involved [1]. Engaging the public in such a decision that is
related to their lives, especially in public transportation decisions, will make a kind of motivation
also which might lead to attracting more users [2–4]. In the United States of America, the public
participates in transportation development project decisions directly through the law called, “Safe,
Accountable, Flexible, Efficient Transportation Equity Act—a Legacy for Users” [5]. It was signed
into law by President George W. Bush on 10 August 2005. Additionally, in the European Union, the
public participates in decision making indirectly through the creation process of the Sustainable Urban
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Mobility Plan (SUMP). It has to be stressed, however, that it is still not obligatory to involve citizens in
the SUMP creation directly. Sometimes the referred passenger data is out of date, and public survey
participation is skipped during the creation process, so there is space to improve the SUMP theory and
practice; hopefully, our paper can contribute to this. For the case of emerging countries, some research
from Turkey and India show that their legal structures have placed a barrier between the residents
and the local authority [6]. Decision making in a public bus transportation system is a complex issue
related to economic, environmental, and socio-political matters [7], with many influential factors
that characterise transport decisions [8,9]. Consequently, transportation experts have started using
multi-criteria decision making (MCDM) applications for solving the problems and improving public
transport projects [2,10–13].

As clearly attested to in the recent research, the analytical hierarchy process (AHP) is a well-proven
MCDM method, and it has been widely discussed and used in broad range applications since its official
appearance [14–18].

The AHP approach is subjective and consistent and is considered as expert knowledge estimation,
thus, involving a large sample in the analysis is not necessary [19], and statistical representativeness
cannot be claimed. However, the AHP method deals with a very unbalanced scale of judgment, and it
does not take into account the uncertainty associated with the mapping of human judgment to a number
by natural language [20]. The ranking of the AHP is somewhat imprecise; the subjective judgment by
perception, evaluation, improvement and selection based on the preference of decision-makers have a
significant influence on the results. Moreover, the dependencies between variables of the AHP usually
result in some inconsistencies in the weighting of criteria and create a rank reversal [21]. Duleba and
Moslem, [2] tested Pareto optimality of the AHP weight vectors resulted from the pairwise comparison
matrices in a real case study and modified the calculation of the AHP eigenvectors. This current
study proved that the results of the AHP method could be improved by integrating with appropriate
models [22,23]. The efficiency of the combined model with the AHP is mostly dependent on the
case used of this method and the type of study for which it is more suitable. Therefore, several
mathematical and optimisation techniques have been used to analyse and improve the AHP outputs
in terms of resulting accuracy. The statistical approaches of the sensitivity and uncertainty analyses
have been integrated with the AHP by using the Monte Carlo simulation (MCS) [24,25]. Meena
et al. [26] applied the frequency ratio (FR) with the integration of the AHP method in a hybrid spatial
multi-criteria evaluation (SMCE) model, and they got more accurate results from the hybrid model.
Both the MCS and FR methods require an inventory dataset to train the model, and that is the main
reason for getting higher accuracy in the resulting integrated model outputs. However, usually,
such an inventory dataset as this is not available for all decision problems. In another integration
model, Ha et al. [27] used the AHP method integrated with fuzzy-TOPSIS for the prioritisation of their
methodology performance. The fuzzy theory is supportive in most of the MCDM applications as it
has the capability of representing vague measures within mathematical operators to make decisions
in the fuzzy domain. The fuzzy theory itself has been combined with the AHP (FAHP) to evolve its
outcomes in several studies [28–32]. The analytical network process (ANP) is an extended version
that is suitable for complex decision problems which the criteria have specific interrelations [25,33].
The ANP also has been combined with fuzzy theory to minimise the chance of error and inherent
uncertainty associated with the decision-making system [34–36] using the interval calculus of the AHP
(IAHP), which is a more practical method when a significant number of experts with a high variation
of preferences and interests are asked about Eigenvalues of the AHP in complex decisions [37]. Based
on the literature review, a research gap can be clearly indicated. The dominance of the applied models
in urban transport planning suggests numerical computation, or negotiation/voting in order to create
consensus among the stakeholders. However, numerical results along with the possibility for decision
makers to the further consideration of stakeholder group interest are missing in the decision procedure.

As the literature review indicated, a variety of methods have been successfully integrated with
knowledge-based models for optimisation of the model for transportation improvement projects.
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The present paper aims to introduce a combined model for supporting consensual decision making
concerning sustainability in urban transport development. The current research is a follow-up project
of the previous, already published work, [36]. In the last case, consensus creation could be gained by
an automated computational process (IAHP) considering the lowest and highest evaluation values of
the three different stakeholder group respondents. Thus, the extreme interest of one group or another
could distort the final, consensual results.

Moreover, in the final result, the stakeholder perspectives could not be separated; merely
aggregated preferences could be detected. From the local authority, the question arose, how it would
be possible to obtain more knowledge on the violation or consideration of different interests of the
involved groups and further, to compare their situation from the development decision point of view.
Sustainability aspect requires this knowledge in order to avoid the opposition of one involved group
or another. Since public evaluators have been involved in both projects, avoiding uncertainty has
remained among the objectives. Thus, two appropriate methods recommended generally by the
scientific literature: FAHP and IAHP have been applied. By using both techniques, the opportunity
has been given to better analyse the consensual results from the aspect of different stakeholder groups:
Passengers, non-passenger citizens and representatives of the local governance.

Sustainability considerations are twofold in the model. On the one hand, environmental aspects
can be expressed indirectly by the scoring of one decision element (mental comfort). On the other
hand, the consensus creation among stakeholders itself is due to the factor of long-term sustainability.
Further, the selection of the evaluator group: Non-users, also reflects the motivation to reduce urban
CO2 emissions. The citizens not using public vehicles also have their preferences related to urban
transport development, and the more this demand is considered, the more people can be attracted
from private car use to public transport. A summary of the literature review is represented in Table 1.

Table 1. A summary of the literature review and contributions.

Combined Applications
in Integration Models References

AHP & MCS Ligmann-Zielinska andJankowski, 2014 [24]; Ghorbanzadeh et al., 2018 [25]

AHP & FR & SMCE Meena et al., 2019 [26]

Fuzzy theory & TOPSIS Ha et al., 2017 [27]

Fuzzy theory & AHP Prasetyo., 2018 [28]; Chen et al., [29]; Grošelj and Zadnik Stirn, 2018 [30];
Park et al., [31]; Fan et al., [32]

Fuzzy theory & ANP Nazmfar et al., 2019 [34]

ANP & FR Razandi et al., 2015 [35]

ANP & MCS Ghorbanzadeh et al., 2018 [25]

Interval calculus & AHP Ghorbanzadeh et al., 2019 [36]; Cabrera-Barona and Ghorbanzadeh et al., 2018 [37]

2. Materials and Methods

The analytic hierarchy process is one of the most robust decision-making methodologies, which
was enhanced by Saaty in the 1980s to simplify complex decision problems [38]. The AHP method is
based on an additive weighting process, in which several relevant criteria are represented through
their relative importance. The AHP approach was extensively applied by academics and professionals
in many areas and problems, mainly in engineering fields like transport engineering [2,3,13,39–42],
in construction engineering and accuracy assessment [43,44], in architecture [45,46] and in many
different engineering fields [18,47–50].

The AHP approach has some restrictions. To overcome these problems, many researchers integrate
fuzzy theories with the AHP to improve its results [29–31].
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2.1. Overall Methodology

The preferences of our different target groups of regular passengers, potential passengers and
decision makers were obtained and used for weighting the conditioning criteria of the SUMP in the
Mersin metropolitan area. We incorporated the AHP as a central part of MCDA and used this approach
along with interval calculus and the fuzzy set theory for this aim. The overall methodology of this
study is as follows:

• Conducting a questionnaire-based survey among the target groups and obtaining their preferences
via comparison matrices of conditioning criteria.

• Structuring the FAHP based on the linguistic variables and obtaining the final fuzzy weight scores
for all groups.

• Applying the IAHP for obtaining the weight scores for all groups based on the interval pairwise
comparison matrices.

• Estimating the agreement degree among the target groups using the Kendall’s coefficient of
concordance (W) based on the results of the FAHP and IAHP approaches.

The descriptions and the resulting experimental outputs of this methodology are organized in the
following sections. Supplementary explanations and discussions regarding the impact of using each
approach can be found in the discussion and conclusion sections.

2.2. Fuzzy AHP

Fuzzy logic and fuzzy set theory mimic human reasoning; this logic deals with uncertainty and
comparative information to make decisions [51]. Against the Boolean logic where every element is
either true or false, the fuzzy logic elements are both true and false by different degrees. Therefore, it
makes it possible for each component of a set to also belong to its complement to a specific degree [52].
Zadeh [53] introduced the “Fuzzy Sets” to handle vague concepts in a certain way. From that time so
far, it has been successfully used to deal with the complex problems posed to conventional set and
logic theory by vagueness. Since most of the geographic phenomena tend to be described by vague
terms, the fuzzy set theory is widely integrated with different MCDA and machine learning models for
mapping the spatial problems [54,55]. The hybrid approach of fuzzy logic and the AHP have been
commonly used in natural hazard modelling and mapping goals [56].

Judgments of decision makers are the primary source to weigh the criteria based on their
importance regarding the spatial problem. These judgments are represented qualitatively by some
linguistic variables. In this stage, a fuzzy set is required to quantify the judgments by using the
respective membership function. A triangular fuzzy set (see Figure 1) was used for converting the
linguistic variables to the quantitative values in this study. The relationship between quantitative
values and linguistic variables are shown in Table 2.
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Table 2. Triangular fuzzy numbers of linguistic variables.

Linguistic Variables Triangular Fuzzy Numbers Reciprocal Triangular Fuzzy Numbers

Extremely strong (9, 9, 9) (1/9, 1/9, 1/9)
Very strong (6, 7, 8) (1/8, 1/7, 1/6)

Strong (4, 5, 6) (1/6, 1/5, 1/4)
Moderately strong (2, 3, 4) (1/4, 1/3, 1/2)

Equally strong (1, 1, 1) (1, 1, 1)

Intermediates (7, 8, 9), (5, 6, 7),
(3, 4, 5), (1, 2, 3)

(1/9, 1/8, 1/7), (1/7, 1/6, 1/5),
(1/5, 1/4, 1/3), (1/3, 1/2, 1)

The authors of the recent research employed this model for Mersin city; however, as a methodology,
the FAHP approach was used to ‘fuzzify’ the hierarchical analysis by allowing fuzzy numbers for
the pairwise comparisons (PCs) of the stakeholders (users, potential users and decision makers).
The decision makers were experts in the related field, and at the same time, they are the officials in
the transportation department of the Merin municipality. The hierarchy tree is subject to establish a
PC between the main three criteria and twenty-one criteria-sub-criteria. After collecting the data, the
geometric mean approach used for aggregating the evaluators’ responses and the final scores were
conducted and prioritised. In order to ensure the supply quality and trustability of the collected data,
the consistency check was accomplished.

The study aims to enumerate the most crucial public bus transport supply quality criteria and to
detect the agreement level between different evaluator groups based on the FAHP and IAHP methods.
For this, a case study in the Mersin metropolitan area (Turkey) was chosen. As a commencement
study, the ensuing hierarchical structural model (see Figure 2) has been integrated and employed for
elaborating the public transport situation of Yurihonjo city (Japan), in 2012 [3].
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As can be seen, the sustainability issue is not explicit; however, the element of “mental comfort”
includes this aspect. The usage of public transportation contributes to the mental welfare of passengers
by the knowledge of reducing environmental damage by avoiding private car use. Although this
aspect was not expressed in a direct way, all evaluators were aware during the evaluation process
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that sustainability is included in the “mental comfort” element of the decision structure. For more
explanation, we provide Table 3.

Table 3. The public transport supply quality criteria, level and description.

Decision
Elements (Criteria)

Level of
Decision Elements Description

Service quality Level 1 All service excluding transport services on the vehicle and
information service

Transport quality Level 1 All service during the time spent on the public vehicle

Tractability Level 1 The provided information about the journey

Approachability Level 2 Service before starting the travel, accessing the lines

Directness Level 2 Reaching the destination without shifting vehicles

Time availability Level 2 The time frame when using a certain vehicle

Speed Level 2 The speed of the whole travel process

Reliability Level 2 On time arrivals, keeping the schedule

Physical comfort Level 2 The comfort of seats, physical space in the bus,
air conditioning

Mental comfort Level 2 Environmental aspects, the behaviour of the driver and
other passengers

Safety of travel Level 2 The perception of safety, the security of the journey

Perspicuity Level 2 A clear understanding of schedule and information

Information before travel Level 2 Amount and quality of information previously of the journey

Information during travel Level 2 Availability and quality of information on the vehicle

Distance to stops Level 3 Reaching the starting bus stop

Safety of stops Level 3 The security of bus stops in terms of road safety

Comfort in stops Level 3 Roof, heating and cooling systems, seats of the stops

Need of transfer Level 3 The need to change vehicles to the destination

Fit connection Level 3 On time connection between bus lines or between other
types of public transport (trains)

Frequency of lines Level 3 Scheduled and realised the frequency of the buses

The limited time of use Level 3 The time frame between the first and the last line of the day

Journey Time Level 3 Time spent on the vehicle

Awaiting time Level 3 Waiting time for the proper line

Time to reach stops Level 3 Time to reach the departure bus stop

Then the pairwise comparison matrices of the AHP combined with the fuzzy set theory for further
calculations for reducing the subjectivity in the criteria weightings. In this regard, fuzzy numbers were
defined to make a comparative pairwise and structuring of the corresponding matrices. By considering
the matrix of Ã as our pairwise comparison matrix that was structured with the fuzzy numbers,
we have (1):

Ã =


(1, 1, 1) (l12, m12, u12) . . . (l1n, m1n, u1n)

(l21, m21, u21) (1, 1, 1) . . . (l2n, m2n, u2n)
...

...
. . .

...
(ln1, mn1, un1) (ln2, mn2, un2) · · · (1, 1, 1)

 (1)

where each component has the condition that if ã =
(
li j, mi j, ui j

)
then ã−1

i j =
(

1
l i j, 1/mi j, 1/ ui j

)
for 1,

j, . . . , n and i , j.
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Therefore, all components of the matrix can be defined from the fuzzy numbers. For the normalised
summation of the rows in the matrix by using the triangular fuzzy numbers, we used the following
Equation (2):

Si =
m∑

j=1

M j
gi ⊗

 n∑
i=1

m∑
j=1

M j
gi


−1

(2)

where i and j were the number of rows and columns respectively and ⊗ is the extended multiplication
of two fuzzy triangular numbers. M j

gi is the triangular fuzzy numbers in pairwise matrices. The values

of

 n∑
i=1

m∑
j=1

M j
gi

−1

and
m∑

j=1
M j

gi can be calculated from the following formulas:

m∑
j=1

M j
gi =

 m∑
j=1

l j,
m∑

j=1

m j,
m∑

j=1

u j

 (3)

and
n∑

i=1

m∑
j=1

M j
gi =

 n∑
i=1

l j,
n∑

i=1

m j,
n∑

i=1

u j

 (4)

 n∑
i=1

m∑
j=1

M j
gi


−1

=

(
1∑n

i=1 ui
,

1∑n
i=1 mi

,
1∑n

i=1 li

)
(5)

where li, mi and ui are the first to third components in fuzzy numbers.
If M1 = (l1,m1, u1) and M2 = (l2,m2, u2) are considered as two triangular fuzzy numbers (see

Figure 3), then the degree of possibility M1 in comparison with M2 was defined as Equation (8) [15]:

V(M2 ≥M1) = hgt (M1 ∩M2) = µM2(d)


1 i f m2 ≥ m1

0 i f l1 ≥ u2

otherwise l1− u2
(m2−u2)−(m1−l1)

(6)
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On the other hand, the possibility of a triangular number is obtained from a k fuzzy number of
the following equation:

V(M ≥M1, M2, . . .M3) = V[(M ≥M1) and (M ≥M2) and . . . and (M ≥Mk)]

= MinV (M ≥Mi), i = 1, 2, . . . , k
(7)
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For calculating the weight of criteria and options in the paired comparative matrices, equation
number 8 can be used:

d′(Ai) = MinV (Si ≥ Sk) k = 1, 2, . . . , n. k , i (8)

Therefore, the normalised vector will be as follows:

W′ = (d′(A1), d′(A2), . . . . . . d′(An))
T Ai (i = 1, 2, . . . . . . , n) (9)

The final weight vector was calculated through the equation (10):

W = (d(A1), d(A2), . . . . . . , d(An))
T (10)

2.3. Interval AHP

In this subsection, we describe the suitability of the AHP method using the interval calculus
for our study and also its calculation process. The IAHP is considered as an operational method in
the case that the decision problem related to a wide range of fields of knowledge or experts have
different preferences [57]. As we deal with diverse groups associated with the public bus transport
system, the IAHP method was selected to obtain a better understanding of the expert’s interests.
The complexity of public transportation in Mersin city, like in any city in Turkey, can be defined as the
diversity of different stakeholders interrelated to the system. The degree of diversity in any complex
system is demonstrated by the number of emergent properties [58]. In the present study, if we use
the comments of our target stakeholders as the Eigenvalues for the pairwise comparison matrices of
the conventional AHP, it will be challenging to get an acceptable CR and the weights representing
the preferences of all stakeholders [59]. Even if only one group of stakeholders is considered, we can
rarely get similar Eigenvalues for the pairwise comparison matrices. Thus, conventional AHP has
some limitations to covering all preferences regarding the decision problem.

To overcome these limitations of the conventional AHP, we used interval pairwise comparison
matrices in the AHP calculation process. Therefore, any pairwise comparison matrix was carried out
using numerical intervals. The lower value of an interval was considered as the lower bound, and
the higher value was considered as the upper bound. Let a be the lower bound, and b be the upper
bound; then a ≤ b. The set x = [a, b] =

{
y ∈ R : a ≤ y ≤ b

}
is considered as the interval that is used in

the pairwise comparison matrices. The set of all intervals is denoted as IR. In this case, the binary
operations such as multiplication can easily be defined on IR. Let A be the pairwise comparison matrix
including intervals, then A =

(
ri j

)
n×n
⊂ X ×X as (11):


ri j × r ji = 1, ∀i, j = 1, 2, . . . , n
rii = 1,
ri j ≥ 0

(11)

is consistent if the following (12) transitivity is satisfied [60]:

ri j = rik/r jk ∀i, j, k = 1, 2, . . . , n (12)
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For an instance interval of x =
[
ai j, bi j

]
, x means that the criterion xi is between ai j and bi j times as

preferable to the criterion x j. Therefore, the interval pairwise comparison matrix can be defined as (13):

A =



1 [a12, b12] . . . [a1i, b1i] . . .
[
a1 j, b1 j

]
. . . [a1n, b1n]

[a21, b21] 1 . . . [a2i, b2i] . . .
[
a2 j, b2 j

]
. . . [a2n, b2n]

. . . . . . 1 . . . . . . . . . . . . . . .

[ai1, bi1] [ai2, bi2] . . . 1 . . .
[
ai j, bi j

]
. . . [ain, bin]

. . . . . . . . . . . . 1 . . . . . . . . .[
a j1, b j1

] [
a j2, b j2

]
. . .

[
a ji, b ji

]
. . . 1 . . .

[
a jn, b jn

]
. . . . . . . . . . . . . . . . . . 1 . . .

[an1, bn1] [an2, bn2] . . . [ani, bni] . . .
[
anj, bnj

]
. . . 1


(13)

Since ai j ≤ bi j and ai j ≥ 0 , bi j ≥ 0 ∀ i, j = 1, 2, . . . , n the matrix of A is a reciprocal and definite
matrix by explanations in (14):

ai j =
1

b ji
, bi j =

1
a ji

, ∀ i, j = 1, 2, . . . , n (14)

For evaluation of the CR of this matrix and further calculations of the AHP, matrix A should be a
reciprocal matrix. In this case, we can easily separate it into two crisp mutual comparison matrices of,
P =

(
pi j

)
n×n

and Q =
(
qi j

)
n×n

. The matrix D(α) can be defined based on the P and Q (see Equation (15):

D(α) =
(
di j(α)

)
n×n

=
(
pαi jq

1−α
i j

)
n×n

∀α ∈ [0, 1] (15)

All elements of matrix D(α) are convex combinations of corresponding elements of the two
matrices, P and Q. More importantly, D(α) is a monotonic continuous function matrix constructed
based on α. Therefore, we have D(1) = P and D(0) = Q [61]. For each α ∈ [0, 1] and i, j = 1, 2, . . . , n
there is di j(α) ∈

[
ai j, bi j

]
and D(α) can be easily defined as an interval pairwise comparison reciprocal

matrix for any α ∈ [0, 1]. Then matrix A is a reciprocal matrix, and ai j and bi j, are non-negative values
such that ai j ≤ bi j , ai j =

1
bi j

, bi j =
1

ai j
. To make an interval reciprocal pairwise comparison matrix A be

acceptably consistent, there are four cases, i.e., (i) CRP = 0 and CRQ = 0; (ii) CRP = 0 and 0 < CRQ < 0.1;
(iii) 0 < CRP < 0.1 and CRQ = 0 and (iv) 0 < CRP < 0.1 and 0 < CRQ < 0.1, where CRP and CRQ are CRS
of P and Q, respectively otherwise, matrix A is not consistent [20].

For calculating the relative interval weightings, suppose w(α) is the vector containing the
weightings of matrix D(α) that is derived from the geometric mean method (see Equation (16)).

wi(α) =

 n∏
j=1

di j(α)


1
n

i = 1, 2, . . . , n and α ∈ [0, 1]. (16)

This applies if:
n∏

i=1
wi(α) = 1. Equation (2) can be used in the definition of di j(α). Then

wiwi(α)! =

 n∏
j=1

pαi j q(1−α)i j


1
n

=

[ n∏
j=1

pi j(α)]

1
n

α[ n∏

j=1
qi j(α)]

1
n

(1−α)

= wαi (P)w
(1−α)
i (Q)
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where w(P) and w(Q) are considered as weighting vectors for matrices P and Q, respectively.
The weighting vector of w(α) is used to make the interval weighting wi as below:

wi = [ w, w ], w = min
{
wi(α)

∣∣∣α ∈ [0, 1]
}

and w = max
{
wi(α)

∣∣∣α ∈ [0, 1]
}

As for any α ∈ [0, 1], wi(α) (in which i = 1, 2, . . . , n), the w and w can be defined as follows [16,20]:

wi = [min
{
wi(P), wi(Q)

}
, max

{
wi(P), wi(Q)

}
]

Then a simple statistical sampling method of the MCS was used to calculate final weightings.
The MCS was used to calculate the final weightings based on the wi = [ w, w ], (in which i = 1, 2, . . . , n).
The MCS is a widely used statistical sampling method for complex systems. In the following, an
average value of each resulting interval weight was calculated and considered as the final weight using
the MCS between the w and w.

2.4. Kendall’s Coefficient of Concordance (W)

As previously mentioned, this paper intends to gain preference scores from different stakeholder
groups related to public transport advancement and to analyse the distinction among the opinions of
the three distinct evaluator groups. To estimate the agreement degree or concordant degree among
the user, potential user and decision maker groups, Kendall’s coefficient of concordance (W) was
implemented [62,63]. The applied technique is a non-parametric technique for three or more different
rankings (see Equation (17)):

Ri =
m∑

j=1

ri j (17)

where “i” is the individual rated criteria, “m” is the number of rater groups rating “n” factors (see
Equations (18) and (19)):

R = m(n + 1)/2. (18)

S =
n∑

i=1

(Ri −R)2 (19)

where S is a sum-of-squares statistic deviation over the row cumulates of ranks Ri.
R is the mean of the Ri values.
Following that, Kendall’s W statistic is limited between one and zero, and it can be attained from

the following formula (20):

W =
12 S

m2 ( n3 − n)
(20)

After implementing the formula, the outcome will be a number that determines the concordance
degree among the different groups, as illustrated in Table 4.

Table 4. Kendall’s W concordance degree scale.

W Interpretation

0 No agreement
0.10 Weak agreement
0.30 Moderate agreement
0.60 Strong agreement

1 Perfect agreement
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3. Results of the Conducted Survey

The introduced case study, the urban bus transport development problem in a big Turkish city,
Mersin, is appropriate to demonstrate the suitability of the proposed model. As many emerging cities,
Mersin is also suffering from severe environmental damage. According to the prepared Turkish air
pollution report, (by the Chamber of Environmental Engineers’ 2017) Mersin has critical complications
with air pollution. The most essential justifications are the steady increase in population over several
years, the expansion of industrial investments, inadequate inspections and controls in in-registry or
outsourced enterprises, a severe increase in the number of vehicles used, energy production from
fossil fuels, uncontrolled destruction of forests, forest fires, the poor quality of fuels that are used
for heating in homes and workplaces. The air pollution that affects the atmosphere directly has an
essential influence on increasing diseases and decreasing living standards. Despite the temperate
climatic conditions, according to the World Health Organization (WHO) limit values, the number of
days of polluted air in Mersin is 242, while the allowed number of days of polluted air is merely 127
according to Turkish national legislation, which is very thought-provoking and seems to be a vital
issue to be addressed at the local level.

As a possible solution, the local government initiated a project to develop public transportation in
order to attract citizens away from private car use to take public transport instead. Their objective
was clear: Improving the supply quality of urban transport by considering all involved stakeholder
groups (i.e., people who use the current system, potential citizens who can be attracted to use it and
transportation and government experts who have technical and policy knowledge related to transport).
Consequently, they decided to launch a survey with the participation of these three groups.

The characteristics of the conducted questionnaire-based survey on the hierarchical model were
the following:

• One hundred evaluators (10 government official workers in the relevant field + 45 regular users
+ 45 potential users) were asked among the total population of 1,773,852. The citizens were
randomly selected at nearby bus stops in different districts of the city. The government experts
are all members of the local municipality transportation department and have more than five
years of experience in transport planning and policy. The number of evaluators is not statically
representative; however, the MCDM provides a more in-depth insight based on PCs than a simple
statistical survey [64]. Moreover, experiments proved [65] that in expressing preferences, a group
consisting of over 20 randomly selected members behaves according to the phenomenon known
as, “the wisdom of the crowd”. Thus, extreme opinions are filtered out, and the final decision
becomes very reliable at this number of membership.

• The dynamic questionnaire was evaluated between October and December 2018 and analysed at the
end of February 2019. Regular passengers, potential passengers and decision makers participated.

• For the computation, MS Excel was applied. We note that there are other possibilities for software
such as MATLAB, Expert Choice, Super Decisions.

The consistency ratio (CR) for all matrices in all groups was smaller than 0.1, which is acceptable
to complete the AHP analysis, as Saaty suggested [64]. Sensitivity analysis has been performed by
changing the weight of each main criterion to test the stability of the rank, and it was robust without
change. In the case of some criteria, a significant conflict could be detected among the different
evaluator groups. Considering the separation of the three different sides of public bus transportation,
the scores of the proper eigenvectors provide the opportunity to set up a rank order of preferences
among the participants of public bus transport on the issues of the system, also considering the weights
of the previous levels by using the following Equation (21):

wAi =
w j

w
wi j∑n

k=1 wik
=

(w j

w
1∑n

k=1 wik

)
wi j (21)
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where j = 1, . . . , m and w =
m∑

i=1
w j; wj > 0 (j = 1, . . . , m) represents the related weight coordinate from

the previous level; wi j > 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 the current level’s elements. Sensitivity analysis
enables us to follow the effects of changes in the main criteria on the sub criteria, disaggregating and
helping decision makers to check the robustness throughout the process.

3.1. Results of Fuzzy AHP

The priority order of different elements in public bus transportation systems is presented in
Tables 5–7 in terms of their development by the fuzzy AHP .

In the first level, all different participant groups of the analysed public transportation system
indicated the development of the “Tractability” criteria as the most significant related issue, as shown
in Table 5. However, there were differences of preferences between passenger groups and the groups
in the second and third rank, in which the passenger side ranked “Service quality” as the second
most important issue followed by “Transport quality”, while the other participated groups evaluated
“Transport quality” as the second most important issue followed by “Service quality”.

Table 5. 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

Table 6. Final fuzzy weight scores of the criteria for Level 2, considering branch connections.

Rank
Regular Users 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

3 Information
before travel 0.148 Mental comfort 0.113 Mental comfort 0.185

4 Speed 0.104 Information
before travel 0.112 Information

before travel 0.181

5 Physical comfort 0.086 Directness 0.099 Physical comfort 0.145

6 Mental comfort 0.086 Information
during travel 0.098 Speed 0.049

7 Safety of travel 0.077 Time availability 0.076 Directness 0.048

8 Directness 0.0498 Speed 0.073 Time availability 0.038

9 Approachability 0.045 Approachability 0.071 Safety of travel 0.032

10 Time availability 0.043 Safety of travel 0.069 Approachability 0.025

11 Reliability 0.039 Reliability 0.035 Reliability 0.012

The situation was slightly different in Level 2, where passenger groups ranked “Information
during travel” as the most critical criteria followed by “Perspicuity” and “Information before travel”;
however, potential passenger groups evaluated “Physical comfort” as the most essential criteria, which
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was not that important in regular users’ and the government’s point of view. For the government
side, the most important criteria were “Perspicuity” followed by “Information during travel” and
“Mental comfort”.

Table 7. Final fuzzy scores of the criteria for Level 3, considering branch connections.

Rank
Regular Users 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 Directness to stops 0.042 Fit connection 0.0197

4 Frequency of lines 0.031 Need of transfer 0.029 Journey time 0.018

5 Journey time 0.020 Journey time 0.027 Time to reach stops 0.017

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 Comfort in stops 0.011

8 Directness to stops 0.015 Awaiting time 0.024 Frequency of lines 0.009

9 Safety of stops 0.014 Safety of stops 0.019 Directness to stops 0.008

10 The limited time of use 0.013 Comfort in stops 0.017 Safety of stops 0.007

It can be counted on positively that all evaluator groups agreed on ranking “Reliability” as
the lowest insignificant criteria in this level, which reflects almost the same points of view toward
“Approachability”. In the last level, more disagreement could be detected, where for the user side, the
“Time to reach stops” criteria was the most crucial one, followed by “Need of transfer” and “Awaiting
time”, while the potential user side ranked “Fit connection” as the most crucial issue to be enhanced
followed by “Frequency of lines” and “Directness to stops”. “Limited time of use” was estimated as
the most substantial criteria followed by “Need of transfer”. Tables 8–10 represent the final fuzzy
weight scores for all groups at each level.

Table 8. Fuzzy aggregated weight scores for all groups for Level 1.

Rank Criteria Final Scores

1 Tractability 0.623
2 Transport quality 0.311
3 Service quality 0.155

Table 9. Final fuzzy weight scores for all groups for Level 2, considering branch connections.

Rank Criteria Final Scores

1 Perspicuity 0.285
2 Information during travel 0.215
3 Information before travel 0.199
4 Mental comfort 0.157
5 Physical comfort 0.135
6 Speed 0.047
7 Directness 0.046
8 Time availability 0.037
9 Safety of travel 0.0288

10 Approachability 0.024
11 Reliability 0.011
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Table 10. Final fuzzy weight scores for all groups for Level 3, considering branch connections.

Rank Criteria Final Scores

1 The limited time of use 0.029
2 Need for transfer 0.027
3 Fit connection 0.0194
4 Time to reach stops 0.018
5 Journey time 0.017
6 Awaiting time 0.0145
7 Comfort in stops 0.011
8 Directness to stops 0.0095
9 Frequency of lines 0.008

10 Safety of stops 0.0067

3.2. Results of the Interval AHP

The resulting weights based on the interval pairwise comparison matrices for each level were
represented in Tables 11–13.

Table 11. Final scores for all evaluator groups for Level 1.

Rank Criteria Final Scores

1 Transport Quality 0.4178
2 Tractability 0.3014
3 Service Quality 0.2776

Table 12. Final scores for all evaluator groups for Level 2.

Rank Criteria Final Scores

1 Information before travel 0.1532
2 Physical comfort 0.1486
3 Information during travel 0.1324
4 Safety of travel 0.1246
5 Mental comfort 0.1134
6 Perspicuity 0.0964
7 Time availability 0.0579
8 Directness 0.0535
9 Speed 0.0449

10 Reliability 0.0387
11 Approachability 0.0363

Table 13. Final scores for all evaluator groups for Level 3.

Rank Criteria Final Scores

1 Fit connection 0.1637
2 The limited time of use 0.1603
3 Frequency of lines 0.1403
4 Need of transfer 0.1367
5 Time to reach stops 0.0846
6 Safety of stops 0.0724
7 Journey time 0.0664
8 Comfort in stops 0.0653
9 Directness to stop 0.0603

10 Awaiting time 0.0499
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3.3. Results of Kendall’s Coefficient of Agreement (W)

The disagreement was not only about rating the most important criteria but also about the
least important one, where the most valued criteria for the government side was the last valuable
criteria for the regular user side. In order to prove the agreement and disagreement points of view
among the various rater groups, Kendall’s coefficient of agreement (W) was implemented. In the first
and second level and based on Table 4, there was a “strong agreement” between the different rater
groups; however, in the last level, the situation was variegated where a “moderate agreement” was
detected. The Kendall’s coefficient of agreement (W) for different levels of 1, 2 and 3 are represented in
Tables 14–16 respectively.

Table 14. Kendall’s coefficient of agreement (W) for Level 1.

Criteria Rate of
Regular User Side

Rate of
Potential User Side

Rate of
Government Side Ri (Ri−R)2

Service quality 2 3 3 8 4
Transport quality 3 2 2 7 1

Tractability 1 1 1 3 9

n = 3 m = 3 S = 14 R W = 0.7778

Table 15. Kendall’s coefficient of agreement (W) for Level 2.

Criteria Rate of
Regular User SIDE

Rate of
potential User Side

Rate of
Government Side Ri (Ri−R)2

Approachability 9 9 10 28 100
Directness 8 5 7 20 4

Time availability 10 7 8 25 49
Speed 4 8 6 18 0

Reliability 11 11 11 33 225
Physical comfort 5 1 5 11 49
Mental comfort 6 3 3 12 36
Safety of travel 7 10 9 26 64

Perspicuity 2 2 1 5 169
Information before travel 3 4 4 11 49
Information during travel 1 6 2 9 81

n = 11 m = 3 S = 825 R W = 0.8343

Table 16. Kendall’s coefficient of agreement (W) for Level 3.

Criteria Rate of
Regular User Side

Rate of
Potential User Side

Rate of
Government Side Ri (Ri−R)2

Directness to stops 8 3 9 20 12.25
Safety of stops 9 9 10 28 132.25

Comfort in stops 6 10 7 23 42.25
Need of transfer 2 4 2 8 72.25
Fit connection 7 1 3 11 30.25

Frequency of lines 4 2 8 14 6.25
Limited time of use 10 7 1 18 2.25

Journey time 5 5 4 14 6.25
Awaiting time 3 8 6 17 0.25

Time to reach stops 1 6 5 12 20.25

n = 10 m = 3 S = 324.5 R W = 0.437

As can be seen in the results, the current users of the public transport system indicated tractability
and its related issues as the most critical elements of the supply quality. Their aspect is considered both
in the FAHP and IAHP final results. Nevertheless, physical comfort plays a more prominent role in the
IAHP aggregated scores, which is rather the potential users’ preference. Based on this, ameliorating
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the physical conditions still can be a proposed measurement for the decision makers because it might
attract more new passengers to contribute to more sustainable system operation. This result could not
have been achieved by applying the FAHP methodology solely. In addition, the IAHP shed light on
the demand of potential users for more frequent lines; in the FAHP it cannot be detected, but in the
IAHP final scores, this preference is transparent even in the consensual ranking.

On the other hand, the FAHP performed very well in highlighting the need for more tractable
operations; in the IAHP, it is not so dominating. However, this could be the most crucial problem with
the current urban bus transport operation.

Moreover, the FAHP indicated the limited time of use as the most severe problem in the third most
specific level. In practice, this means that if users and potential users are not satisfied with the current
time frame of the lines; the local government can manage the population who need to the public
transportation system by launching earlier lines in the morning hours. Moreover, adding extra lines
in the evening will help manage the higher population during this period. This matter might attract
more citizens to use public transport in this time of the day (maybe because of early or late working
hours in the city) so the utilisation of the public transport system as a whole could be increased.

4. Discussion

Based on the results, it can be stated that the model combining the FAHP and IAHP is suitable
for a deeper more in-depth analysis, thus providing more in-depth insight to the decision makers for
a consensual development problem such as the SUMP than the individual application of either the
FAHP or IAHP. To demonstrate this statement, we show the graphical figure of the first level scoring
for all three groups in the FAHP and also in the IAHP.

The FAHP showed the different preference of regular users (passengers) in ranking service quality
and transport quality compared with the other two groups (Figure 4) while the IAHP indicated absolute
consensus in ranking for all three evaluator groups (Figure 5).
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For Levels 2 and 3, the degree of consensus and the ranking are also different, and we cannot
detect dominancy for either of the two approaches. Consequently, the best decision support could
be reached by the numerical application of both methods, followed by the managerial decision on
the sustainable and consensual results. The computational results provide the fundamentals of the
final decision, but it is necessary to turn to the transport department of the municipality to create the
ultimate development strategy considering the conflict of interest of the stakeholders (see Figures 6–9).
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5. Conclusions

Attaining consensus in complex decision problems with various involved stakeholder groups
operating along different interests is a tough task in the field of decision support theory and practice.
However, this is the suggested approach to gain final, integrated and sustainable results for a high
impact public problem.

A prevalent option for consensual decision making is the Multi-Actor, Multi-Criteria Decision
Analysis (MAMCA) created by Macharis et al. [66]. In this approach, firstly the different stakeholder
groups select their objectives and afterwards a consensual final ranking, and scoring is created.
Our advanced procedure follows a reverse logic-the numerical evaluation is supported by the final
consensus creation. As introduced, in this model, all participatory groups evaluate precisely the same
criteria. They can express their interests by different scoring, and by the Kendall method, it is clear
to see that they have different preferences on the same transport system. Although the distance of
the opinions is measured in the proposed methodology, the procedure goes further. Applying the
FAHP and IAHP, the condition of uncertain judgments is fulfilled, and the requirement for synthesis of
the opinion can be completed. In the Results section, it was highlighted that alone, each technique
had its problems, but the combination of the two methods has led to more rational and consensual
final results.

Thus, for general application, we suggest conducting the introduced FAHP-IAHP procedure for
the three involved stakeholder groups, and after gaining the numerical results, the decision makers
(local authority or transport company managers) themselves decide on the SUMP. Concerning public
transport development decisions, this approach might contribute to more efficient public transport
system improvement and by this, to higher utilisation of public vehicles, less air pollution, fewer traffic
problems and ultimately more satisfied citizens. The introduced model applies to problems of urban
transportation development, and mainly, it focused on the sentiment of the citizens involved in it.
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