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Evaluating public transport service quality requires balancing diverse
stakeholder perspectives, a complex task essential for sustainable urban
mobility. The efficiency of Multi-Criteria Decision-Making (MCDM)
techniques, such as the Fuzzy Analytic Hierarchy Process (FAHP), in fostering
consensus among diverse groups is still up for debate. This study compares
FAHP and Interval AHP (IAHP) to determine which method better achieves
stakeholder agreement in public transport quality assessment. Using a three-
level criteria hierarchy, data were collected from regular passengers,
potential passengers, and government officials in Mersin, Turkey. Both FAHP
and IAHP derived priority weights, with consensus measured by Kendall's
coefficient of concordance (W). Results revealed that consensus was strongest
for strategic goals and weakened for operational details. Notably, IAHP
consistently outperformed FAHP, producing higher concordance across all
levels. The findings demonstrate that IAHP is a more effective tool for
reconciling divergent preferences, offering transport planners a superior
method for fostering legitimate, consensus-driven policies and
improvements.

1. Introduction

Urban mobility systems are integral to sustainable city development, with public transport
playing a pivotal role in ensuring accessibility, reducing congestion, and promoting environmental
quality. Also, they are fundamental to economic vitality, social equity, and environmental
sustainability [1]. Assessing the quality of public transportation's supply is intrinsically complicated;
it goes beyond simple technical performance measurements to take into account the various and
frequently divergent opinions of its customers, future users, and providers [2]. Multi-Criteria
Decision-Making (MCDM) methodologies have emerged as powerful tools to navigate this
complexity, providing structured frameworks to evaluate qualitative and quantitative factors

simultaneously [3].
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Among these, the Analytic Hierarchy Process (AHP), which was first presented by Saaty [4], has
been extensively used in transportation planning due to its capacity to break down complicated
issues and determine ratio-scale priorities. The Fuzzy Analytic Hierarchy Process (FAHP) was created
by integrating fuzzy set theory [5] with AHP to address the inherent subjectivity and ambiguity in
human judgment. FAHP effectively captures linguistic vagueness (e.g., "slightly more important")
through fuzzy numbers, making it a popular choice for transport service evaluation [6]. More
recently, the Interval Analytic Hierarchy Process (IAHP) has been proposed as an alternative,
representing uncertainty through interval judgments rather than fuzzy sets, which some argue offers
greater transparency in preserving the range of expert opinions [7].

A critical yet underexplored dimension of transport planning is the multi-stakeholder nature of
decision-making. The success of any public transport system hinges on its ability to meet the needs
of a heterogeneous group of stakeholders, including regular passengers, potential passengers, and
government authorities [8]. Each group possesses unique priorities: regular users value reliability and
comfort, potential users are influenced by accessibility and cost, while government planners must
balance user satisfaction with fiscal constraints and regulatory requirements. Consequently, a
significant challenge lies not only in incorporating these diverse perspectives but also in measuring
the degree of consensus among them. Without a robust measure of agreement, MCDM results may
reflect a false compromise, leading to policies that lack broad support and legitimacy [9].

While numerous studies have applied FAHP and IAHP in transportation contexts [10], a
conspicuous gap exists in the literature concerning the comparative efficacy of these methods in
building consensus among fundamentally different stakeholder groups. It remains unclear whether
the "smoothing" effect of FAHP's defuzzification or the "transparent" representation of IAHP's
intervals is more effective in harmonising divergent preferences. This gap is critical because the
choice of method itself may significantly influence the perceived consensus and, ultimately, the
policy recommendations derived from the analysis.

This study, therefore, seeks to address this research gap by conducting a rigorous comparative
analysis of FAHP and IAHP within a multi-stakeholder framework. We employ Kendall’s coefficient of
concordance (W) not merely as a secondary statistic but as a primary metric to evaluate the
consensus-building performance of each MCDM method. The investigation is grounded in an
empirical case study of Mersin, Turkey, evaluating its public bus transport supply quality through the
lenses of three distinct stakeholder groups.

The three stakeholder groups were selected based on the representative principle:
e Regular Passengers (RP) (212 monthly trips),
e Potential Passengers (PP) (non-users open to using public transport if service improves),
and
e Government Officials (Gov) from the Mersin Transportation Department.
This division addresses both retention and attraction strategies, ensuring policy-relevant insights
across user experience, latent demand, and institutional feasibility.
The research is guided by two central objectives:
e To evaluate the relative importance of public transport supply quality criteria from the
perspectives of regular passengers, potential passengers, and government officials.
e To determine which MCDM method, FAHP or IAHP, provides a more efficient and reliable
approach for achieving and measuring consensus among these heterogeneous evaluator
groups.
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We apply FAHP and IAHP to a hierarchical framework comprising three levels: Level 1 (broad
dimensions: Service Quality, Transport Quality, Tractability), Level 2 (11 sub-criteria as tactical
indicators, such as Accessibility, Directness, Time Availability, Speed, Reliability), and Level 3 (10
operational indicators, such as Stops Safety, Need for Transfer). To assess inter-group consensus,
Kendall’s Coefficient of Concordance (W) was calculated separately for each combination of method
and hierarchical level.

The study's conclusions make theoretical and practical contributions. Theoretically, we provide
evidence-based insights into the performance of different uncertainty-handling methods in MCDM
under conditions of stakeholder heterogeneity. Practically, we offer policymakers a validated
methodological framework for participatory transport planning and specific, actionable
recommendations for improving the public transport system in Mersin.

Following this introduction, the paper is structured as follows. A comprehensive literature review
examines the evolution of public transport quality metrics, the application of MCDM methods, and
the critical role of multi-stakeholder perspectives. The methodology section details the case study
context, stakeholder selection process, criteria hierarchy development, and the computational steps
for FAHP, IAHP, and Kendall’'s W. The results section presents the priority weights and consensus
levels for each hierarchical level, comparing the outcomes of both methods. The discussion interprets
these findings, explores their theoretical and practical implications, and addresses study limitations.
Finally, the conclusion summarises the key findings, underscores the paper's contributions, and
provides actionable recommendations for policymakers and researchers.

2. Literature Review

The pursuit of sustainable urban mobility has placed public transport at the forefront of urban
policy, making the robust evaluation of its service quality a critical academic and practical endeavour.
This review synthesises the literature across four thematic areas: the conceptualisation of public
transport service quality, the role of Multi-Criteria Decision-Making (MCDM) frameworks, the
imperative of multi-stakeholder engagement, and the evolution of methods to handle evaluative
uncertainty.

2.1. Conceptualising and Measuring Public Transport Service Quality

The assessment of public transport has evolved from purely efficiency-based metrics (e.g., vehicle
load factors, cost per kilometre) towards a richer understanding of service quality from the user's
perspective [11]. This shift acknowledges that ridership is not only a function of availability but also
of perceived value and experience [12]. Early frameworks, such as the European Standard EN 13816,
defined quality in public transport through multiple dimensions, including availability, accessibility,
and customer care, providing a structured yet broad basis for evaluation [13].

Empirical research has consistently demonstrated that the importance of service attributes is not
uniform. For example, [14] identified reliability, frequency, and travel time as paramount across
various cultural contexts. Conversely, factors like aesthetics often rank lower in importance, though
they can significantly influence the overall perception of service [5]. This establishes that service
quality is a latent construct, best measured through a hierarchy of interlinked criteria whose weights
must be determined empirically, not assumed a task for which MCDM methods are particularly well-
suited.
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2.2. MCDM Frameworks in Transportation Evaluation

Multiple-Criteria Decision-Making (MCDM) methodologies have been widely adopted in the
transport sector to navigate complex choices involving operational, environmental, and social trade-
offs. A comprehensive review by Yannis et al. (2020) highlights that MCDM methods, especially AHP,
are the most commonly used in transport-related evaluations due to their structured approach to
conflicting criteria [15]. Similarly, sustainable transport planning frequently leverages comparative
MCDM frameworks including FAHP, VIKOR, and TOPSIS to balance multi-dimensional objectives [16].

AHP's strength lies in its use of pairwise comparisons to derive precise priority weights, making it
a popular choice for transport studies. It has been effectively used to select public transport
technologies [17], evaluate transit policy alternatives [18], and prioritise infrastructure projects [19].
However, a recurring critique of standard AHP is its reliance on crisp numerical values, which
struggles to capture the imprecise and linguistic nature of human judgments about quality [20]. This
limitation has driven the adoption of extensions that can model uncertainty more effectively.

2.3. Fuzzy and Interval Extensions of AHP

The Fuzzy Analytic Hierarchy Process (FAHP) enhances classical AHP by accounting for the
ambiguity of human judgment through fuzzy set theory. This extension is valuable for linguistic
assessments such as “highly important” or “slightly less important,” although it risks smoothing over
stakeholder differences during defuzzification [21], [22]. The Interval Analytic Hierarchy Process
(IAHP), in contrast, represents weights as intervals to reflect uncertainty and divergence among
evaluators a capability that preserves stakeholder-specific opinions during aggregation [23].

2.4. The Imperative of Multi-Stakeholder Perspectives

A transport system serves a diverse ecosystem of users and providers, each with distinct
priorities. Regular commuters may prioritise predictability and speed [24], while occasional users
might value comprehensibility and cost [25, p.]. Meanwhile, authorities and operators must balance
user satisfaction with financial viability, regulatory compliance, and environmental goals[26].

Failing to account for this plurality can lead to technically sound projects that fail socially due to
a lack of legitimacy [27]. This has spurred the development of participatory MCDM frameworks. The
Multi-Actor Multi-Criteria Analysis (MAMCA) methodology, for instance, is explicitly designed to
showcase how different stakeholder groups evaluate projects based on their own value systems [28].
Studies applying such approaches have revealed significant divergences in priorities; for example,
residents may prioritise environmental impacts, while businesses focus on accessibility [29]. This
underscores a key challenge: the need for methodologies that not only capture these divergent
preferences but also possess the analytical rigour to quantify the level of consensus or discord among
groups, an area where statistical measures like Kendall’s W are underutilised.

2.5. Advancements in Handling Uncertainty: Fuzzy and Interval Approaches

The integration of fuzzy set theory [30] with MCDM marked a significant advancement in
capturing the vagueness of subjective judgments. Fuzzy AHP (FAHP) replaces crisp numbers in
pairwise comparisons with fuzzy numbers (e.g., triangular, trapezoidal) to model linguistic
assessments [31]. This approach has been widely adopted in transportation, such as for evaluating
traffic safety quality [32] and selecting sustainable urban transport alternatives [33].

However, a noted complication in FAHP is the choice of defuzzification method, which can
influence the final ranking of alternatives and potentially introduce bias [34]. As an alternative,
Interval AHP (IAHP) represents uncertainty through interval numbers, preserving a range of possible
values for each weight [35]. This method offers superior transparency for group decision-making, as
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it maintains the diversity of opinions without compressing them into a single value through an
irreversible defuzzification step [36]. While applied in fields like environmental risk assessment [37]
and supplier selection [38], its application in comparative multi-stakeholder public transport
evaluations remains scarce.

2.6. Synthesis and Identification of the Research Gap
The extant literature confirms that:

1. Evaluating public transport quality requires a multi-dimensional framework.

2. MCDM methods, particularly AHP and its derivatives, provide the necessary structured approach.

3. Capturing the perspectives of multiple stakeholders is essential for legitimate and sustainable

outcomes.

4. Uncertainty in human judgment necessitates methods like FAHP or IAHP.

Despite this, a critical gap persists. There is a lack of direct comparative studies that evaluate the
efficacy of FAHP versus IAHP specifically within a multi-stakeholder public transport context.
Furthermore, the success of such participatory approaches hinges on achieving consensus, yet there
is a paucity of research that uses robust statistical measures of agreement (e.g., Kendall’'s W) to
evaluate which MCDM method is more effective at reconciling divergent preferences. This study aims
to fill this gap by conducting a rigorous head-to-head comparison of FAHP and IAHP, using Kendall’s
W as a key performance metric, with incorporating three stakeholder groups (regular users, potential
users, and officials), to determine the superior method for achieving consensus in evaluating public
transport supply quality.

3. Methodology

The effectiveness of the Fuzzy Analytic Hierarchy Process (FAHP) and the Interval AHP (IAHP) in
reaching agreement among various stakeholder groups assessing the quality of public transportation
supply is compared in this study using a multi-method research approach. The methodological
framework is illustrated in Fig. 1.

Literature Review

Identify the criteria Case Study Context Stakeholder Selection

Kendall’s Concordance

Coefficient

Results and Discussion
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Fig. 1. Research Workflow

3.1 Case Study Context and Stakeholder Selection

The study was conducted in Mersin, Turkey, a representative Mediterranean port city with a
population exceeding one million. Its public transport system, primarily bus-based, faces typical
challenges of a growing city, including congestion, increasing demand, and the need for service
quality improvements.

Adopting a multi-stakeholder approachis critical for legitimate and sustainable transport
planning [39]. Participants were recruited based on the representative principle to ensure the three
primary perspectives of the public transport ecosystem were included:

e Regular Passengers (RP; n=50): Individuals using public transport >3-4 days/week (212
trips/month) over the preceding three months. This threshold captures habitual users with
direct, recent experience of service quality.

e Potential Passengers (PP; n=50): Individuals using public transport <1 time per week but
expressing a willingness to increase usage if service improved. This group provides insights
into barriers to adoption.

e Government Officials (GOV; n=10): Professionals from the Mersin Municipality
Transportation Department involved in policy-making, strategic planning, or project
evaluation. Their perspective ensures practical constraints and regulatory frameworks are
considered.

This structure ensures the triangulation of demand-side (users/non-users) and supply-side

(planners) perspectives, mitigating the bias of consulting a single homogenous group.

3.2 Criteria Hierarchy Development
A three-level hierarchical model was developed to structure the evaluation of public transport
supply quality, moving from strategic goals to operational indicators (Table 1). The model was
constructed based on a comprehensive review of existing service quality frameworks and adapted to
the local context of Mersin.
Table 1
The Three-Level AHP Hierarchy for Evaluation

Level Category Description Criteria

Overarching
1 Strategic Goals objectives of the  Service Quality, Transport Quality, Tractability
transport system

Accessibility, Directness, Time Availability, Speed,

Performance Key areas of service Reliability, Perspicuity, Pre-Trip Information, En-Route
2 . . . . .
Dimensions delivery Information, Physical Comfort, Mental Comfort, Travel
Safety
Frequency of Lines, Limited Time of Use, Journey Time,
Operational Specific, measurable  Awaiting Time, Time to Reach Stops, Directness to stops,
3 . . . .
Indicators attributes Stops Safety, Comfort in Stops, Need for Transfer, Fit
Connection

Each indicator was explicitly defined for respondents during survey administration to ensure a
common understanding (e.g., "Reliability" was defined as punctuality and consistency of service).
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3.3 Data Collection: Pairwise Comparison Surveys

Data was collected through structured questionnaires designed for pairwise comparisons. For
each level of the hierarchy, respondents were asked to compare criteria in pairs and judge their
relative importance using the fundamental Saaty scale [40].

To capture uncertainty in judgments, the surveys were designed for both FAHP and IAHP data

collection:

e For FAHP, participants used linguistic terms (e.g., "equally important," "moderately more
important") which were later converted to triangular fuzzy numbers (e.g., (2, 3, 4) for
"moderately more important").

e For IAHP, participants provided their judgments by giving a range (lower and upper bound)
for the relative importance of each criterion pair, directly creating interval comparison
matrices.

The surveys were administered in person to ensure clarity and to achieve a high response rate.

The consistency of each respondent's pairwise comparisons was checked using the Consistency Ratio
(CR) [40]; responses with a CR > 0.10 were excluded from the analysis to ensure data reliability.

nn

3.4 Data Analysis
3.4.1. FAHP Calculations

Fuzzy logic and fuzzy set theory provide a mathematical framework that closely reflects human
reasoning in situations of vagueness and partial truth. Instead of the strict true/false assignment of
classical Boolean logic, fuzzy sets allow elements to belong to a set with a graded membership
between 0 and 1; as a result, an element can partially belong both to a set and to its complement to
different degrees. Zadeh’s seminal paper on fuzzy sets formalised this idea and showed how basic
operations such as union, intersection and complement can be extended to classes with continuous
membership functions [30]. Since then, the fuzzy set framework has been widely applied to address
the limitations of traditional set and logic theory when dealing with vagueness. Because many
geographic or spatial phenomena are described using imprecise or linguistic terms, fuzzy set theory
is often integrated with MCDA and machine-learning models for spatial problem-solving [41].
Numerous studies have integrated fuzzy sets with AHP and other MCDA techniques in GIS
environments to model landslide susceptibility, natural hazard risk, and broader spatial planning
problems, showing that fuzzy-AHP combinations can yield more reliable and nuanced maps than crisp
approaches [42].

In fuzzy AHP applications, the preferences of decision makers are the primary source for
determining the relative importance (weights) of criteria. These preferences are usually elicited as
linguistic variables (such as “equally important”, “moderately more important”, or “extremely more
important”) rather than as precise numbers. To process these qualitative judgments, fuzzy sets are
used to map each linguistic term to a corresponding fuzzy number via an appropriate membership
function. Triangular fuzzy numbers are especially popular, because they provide a simple yet flexible
way to capture the lower, most likely and upper values associated with a verbal judgment [43]. The
resulting fuzzy pairwise comparison matrices are then used to derive fuzzy weights, which better
reflect the uncertainty and subjectivity in human judgments. This type of fuzzy-AHP framework has
been successfully used in domains such as landslide susceptibility mapping, site-selection problems
and sustainable transport planning, where spatial criteria and stakeholder preferences are inherently
uncertain and often expressed linguistically.
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The linguistic judgments are then mapped into fuzzy numbers via suitable membership functions.
In the referenced study, a triangular fuzzy number (TFN) representation is used for converting
linguistic variables into quantitative values [44].

Certain linguistic factors serve as qualitative representations of these judgments. At this point,
the judgments must be quantified using a fuzzy set and the corresponding membership function. In
this investigation, the linguistic variables were converted to quantitative values using a triangular
fuzzy set (see Fig. 2). Table 2 illustrates the connection between language characteristics and
guantitative values.

Hy

ks

1.0 N

.‘ll'l\. / “I""'

0.0 - L S >
my m,

Fig. 2. Triangular fuzzy membership function.

Table 2.
Triangular fuzzy parameters corresponding to 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 (1,1,12) (1,1,12)
(7,8,9),(5,6,7), (1/9, 1/8,1/7), (1/7,1/6, 1/5),

Intermediates (3,4,5),(1,2,3) (1/5,1/4, 1/3), (1/3, 1/2, 1)

Fuzzy triangular numbers are used to create pairwise comparison (PC) matrices. Assume the
following fuzzy pairwise comparison matrix:

(1,11 (liz,myz,ug2) oo (i, My, Ugy)
A= (lz1,m21,uz1) (L,1,1) v (L, Man, Uzn) )
(lnpmpg,ung) (o, Mo, Upp) e (1,1,1)
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where each element must meet the condition that if d=(lij,mij,uij) then di_jl

Gij’l/mij’ 1/uij) forl,j,..,nandi #j.

As a result, the fuzzy numbers can be used to specify every element of the matrix. Equation (2)
was utilized for the normalized summing of the matrix's rows using the triangular fuzzy numbers:

m n m
5; =Z M, ® Z Z M, )
j=1 i=1 j=1

where & is the extended multiplication of two fuzzy triangular numbers and i and j were the
number of rows and columns, respectively. The triangular fuzzy numbers in paired matrices are

; -1
denoted by Méi. The following formulas can be used to get the values of [Z?zl i Méi]

m m

Z Z JZ ML, W 3)

and

Zn: lj'zn: mjrzn: u,-) “4)
Z Z My, =< nll ui'zn_j m;’ nl li) )

1= 1= i=1

where the first through third components of fuzzy numbers are denoted by [;,m; and ;.
Equation (8) defines the degree of possibility M; in relation to M, if M; = (l;, m;,u;) and M, =
(1,,m,, u,) are regarded as two triangular fuzzy numbers (see Figure 3) [45]:

1 if m, = mq
0 if lLL=>u
V(My = M) = hgt(My N My) = pup, (d) li = uj (6)
otherwise

(my —up) — (my — 1y)

A
M. M,
1
|
V(M,>M)) | ,
0 / m, I, x, u, m u o

Fig. 3. The degree of possibility V(M, = M;).
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On the other hand, the following equation's k fuzzy number makes a triangular number possible:
V(M= M;,M,,..M3) =V[(M = M) and (M = M,) and...and (M > M, )]
=MinV(M = M,),i = 1,2,...,k (7)

Equation (8) can be used to determine the weight of the criterion and alternatives in the paired
comparative matrices:
d'(A;) =MinV(S; = S ) k=12, .., n.k i (8)

Consequently, the normalised vector will look like this:
! ! ! 12 T .
W' = (d'(41),d'(43), ... d'(An)) Ay =12,.....,m) ©)

Equation (10) was used to determine the final weight vector:
T
W = (d(4,),d(A2), . ..., d(Ay)) (10)

3.4.2. Interval AHP Calculations

The use of the Analytic Hierarchy Process (AHP) in decision-making can become problematic
when experts provide heterogeneous or uncertain judgments, especially in systems where multiple
stakeholder groups interact. Interval AHP (IAHP) offers a suitable enhancement to the classical AHP
framework because it allows pairwise comparisons to be expressed as ranges rather than fixed
numerical values. This interval representation captures uncertainty, variability, and disagreement
among experts more realistically than single crisp judgments. As noted in methodological studies,
IAHP is particularly effective when the decision context involves multiple domains of expertise or
when subjective perceptions differ substantially among evaluators (e.g., planners, operators,
policymakers) [46].

For complex public systems such as urban bus transportation, stakeholder diversity is inherent.
Transport authorities, operators, passengers, and urban planners often prioritise different criteria,
reflecting the multifaceted nature of service quality and system performance. Such diversity is typical
in large metropolitan environments, where the transport network evolves as a complex system with
emergent properties that arise from socio-economic, technical, and behavioural interactions [47].
Under these conditions, classical AHP which relies on single, unified comparison matrices struggles
to integrate divergent viewpoints. Attempting to aggregate all stakeholder judgments into a single
crisp matrix often leads to high inconsistency ratios (CRs), unstable eigenvalues, and weights that fail
to represent stakeholder preferences adequately [48].

Moreover, even when only one stakeholder group is considered, variations in individual
judgments typically produce pairwise matrices with distinct eigenvalues, limiting the reliability of a
conventional AHP evaluation. IAHP overcomes these shortcomings by permitting each comparison
to be expressed as an interval that reflects the range of stakeholder opinions, allowing the final
prioritisation to incorporate uncertainty explicitly. This makes IAHP particularly suitable for analysing
transport-related decision problems where expert opinions differ and where system complexity
requires flexible, uncertainty-aware modelling approaches [10].

We employed interval pairwise comparison matrices in the AHP computation procedure to get
over these drawbacks of the traditional AHP.

As a result, numerical intervals were used for any pairwise comparison matrix.
An interval's lower bound was defined as its lower value, and its upper bound as its higher value.
Let a serve as the interval’s lower limit, while b corresponds to its upper limit; thus, it holds that a <
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b. The range utilized in the pairwise comparison matrices can then be represented by the interval,
which can be written as x = [a,b] = {y € R:a <y < b }. IR stands for the collection of all such
intervals. Binary operations, such as multiplication, can be readily defined on IR under this paradigm.
If A is a pairwise comparison matrix with intervals as its elements, then A4 = (rij)nxn c XXX as
(12):

T X1 = 1,vi,j=12,..,n

ry =1 (11)

r; =0

is regarded as consistent when it satisfies the transitivity condition stated in Equation (12):
Ty = Tu/Ti Vi, k=12,..,n (12)

This shows that the criterion x; is rated between a;;and b;; times more desirable than the
criterion x; for an interval represented as x = [a;}, b;;]. Thus, Equation (13) can be used to create
the relevant interval-based pairwise comparison matrix:

1 laiz, b12] o lagi by - [alj' blj] o [a17, b1l
[az1, ba1] 1 1 [azi, byi] .. [azjbzj] - [azn ban]
A= [ail.r"bil] [aizl'"biz] 1 1 [aij.r"bij] [ain.r"bin] (13)
ol sl il L3 e
[anebns] [anz bzl oo (awobud o [anpba] 1

Given that a;; < b;;and both a;;and b;; = 0 for all i,j = 1,2, ..., n, the matrix A qualifies as a

reciprocal and well-defined matrix, as outlined in Equation (14):

1 1
—,bjj=—,Vi,j=12,..,n a4

Clij =
bj; 4ji

The matrix A must be reciprocal in order to evaluate the consistency ratio (CR) of this matrix and
continue with the ensuing AHP calculations. It may be broken down into two clear pairwise
comparison matrices under this condition: P = (p;;)nxnand Q@ = (q;j)nxn- Equation (15) defines the
transformation D (@), which can then be created using these matrices:

D(@) = (dij(@),,, = piai; ), Va€[01] (15)

Every entry of the matrix D(a) represents a convex combination of the corresponding elements
in matrices P and Q. Furthermore, D (a) forms a monotonic and continuous matrix-valued function
with respect to a. As aresult, D(1) = P and D(0) = Q. Forany a € [0,1]and for all i,j = 1,2, ..., n,
each element d;;(«a) lies within the interval [a;}, b; ], allowing D(a) to be interpreted as an interval-
based reciprocal pairwise comparison matrix for all a in this range. Consequently, matrix A4 is
reciprocal, and the interval bounds a;; and b;; are non-negative and satisfy the relationships a;; <
b;ij,a;j = 1/b;j,and b;; = 1/a;;. For such an interval reciprocal matrix A to be considered acceptably
consistent, one of the following four conditions must hold: (i) CRp = 0 and CR, = 0; (ii) CRp = 0
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and 0 < CRy < 0.1; (iii) 0 < CRp < 0.1 and CRy = 0; or (iv) 0 < CRp < 0.1 and 0 < CRp < 0.1,
where CRp and CR, denote the consistency ratios of matrices Pand Q, respectively. If none of these
conditions is satisfied, the matrix 4 is deemed inconsistent.

To determine the interval-based relative weights, let w(a) denote the weight vector obtained

from the matrix D (@) using the geometric mean approach, as presented in Equation (16).
1
n n
wi(@) = 1_[ dij(a) | i=12..nanda €[01] (16)
j=1

This condition holds when [[;_; w;(a) = 1. Equation (2) can then be applied in defining d;; ().
Then

N ne 1\
ww;(a!) = 1:1[ piajqi(jl_a) = ( 1:1[ pij(a) ) ( 1:1[ qij(@) )

=wi(Pw Q)

where w(P) and w(Q) represent the weighting vectors corresponding to matrices P and Q,
respectively. The vector w(a) is then used to construct the interval weights w; as follows:
w; = [w,w],w = min{w;(a) | « € [0,1]} and w = max{w;(a) | « € [0,1]}

As for any a € [0,1], w;(a) (in which i =1,2,...,n ), the w and w can be defined as follows
[16,20]:
w; = [min{w;(P), w;(Q)}, max{w; (P), w;(@)}]

A straightforward statistical sampling technique, the MCS was then applied to derive the final
weights. Using the interval weights w; = [w, w] for i = 1,2, ...,n, MCS generates repeated samples

within these bounds to estimate the resulting distribution of weights. As MCS is widely employed for
analysing complex systems, it enables the model to capture variability and uncertainty effectively.
The average value obtained from the simulated weight distribution for each interval was
subsequently taken as the final weight, representing the mean of w and w over all simulations.

3.4.3. Measuring Consensus: Kendall’s Coefficient of Concordance (W)

To address the core research objective of measuring consensus, Kendall’'s W was calculated for
each level of the hierarchy and for each MCDM method. This non-parametric statistic measures the
agreement among k stakeholders (the three groups) on the ranking of N criteria [7].

The mean ranks R; for each criterion, derived from the priority weights, were used to compute
W as follows:

m
R; = z Tij (17)

J=1

In this context, idenotes each individual criterion being evaluated, while mrepresents the
number of rater groups assessing the nfactors (see Equations (18) and (19)):
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R=m(n+1)/2 (18)
S = (R; — R)? (19)
2

Here, S is the sum-of-squares statistic that captures the deviation of the cumulative ranks R; from
their mean, and R denotes the average of the R; values.
Kendall’s coefficient of concordance W, which varies between 0 and 1, is then calculated using:

- 128 20)
m2(n3 —n)

Applying this formula yields a value that indicates the overall level of agreement among the
different rater groups, as summarised in Table 3.

Table 3
Interpretive scale for Kendall’s coefficient of concordance (W).
w Interpretation
0 No agreement
0.10 Weak agreement
0.30 Moderate agreement
0.60 Strong agreement
1 Perfect agreement

4. Results

The study's results are presented in this section, with an emphasis on the priority weights for
the three stakeholder groups across a three-level criteria hierarchy that were obtained using the
FAHP and IAHP methodologies. Kendall's Coefficient of Concordance (W) is used to objectively
assess the level of agreement between these groupings.

4.1 Consensus on Strategic Goals (Level 1)
The top-level criteria encompass the broad strategic goals of the public transport system: Service
Quality, Transport Quality, and Tractability.

4.1.1 FAHP Results:
As shown in Fig. 4, the FAHP analysis revealed that Tractability was the highest priority, followed
by Transport Quality and Service Quality. This ranking was consistent across all three stakeholder
groups.
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The normalised (FAHP) scores for 1st Level

0.8

0.6

0.4 ®

0.2

Service Quality Transport Quality Tractability

=@ Regular Passengers — e==@=== Potential Passengers — e==@mms Government Officials

Fig. 4. Comparison of normalised FAHP scores among evaluator
groups at Level 1.

The agreement on this ranking, measured by Kendall’s W, was 0.778 (Table 4), indicating a very
strong degree of consensus among regular passengers, potential passengers, and government
officials.

Table 4
Agreement assessment using Kendall's W across
evaluator groups for Level 1 with the FAHP method.

Regular users Potential users Government 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=6 W =0.778

4.1.2 IAHP Results:
The IAHP method, shown in Fig. 5, produced an even more unified result. All three stakeholder
groups assigned identical ranks: 1st to Tractability, 2nd to Transport Quality, and 3rd to Service
Quality.
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The normalised (IAHP) scores for 1st Level
1.2

0.8
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0.4 ®
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@@= Regular Passengers e==@mms Potential Passengers =@ Government Officials

Fig. 5. Comparison of normalised IAHP scores among evaluator
groups at Level 1.

Because of this perfect alignment, the evaluator groups' Kendall's W value was 1.000 (Table 5),
indicating perfect agreement on the strategic priorities.

Table 5
Agreement assessment using Kendall's W across
evaluator groups for Level 1 with the IAHP method.

Regular users Potential users Government Ri (Ri-R)"2
Service Quality 3 3 3 9 9
Transport Quality 2 2 2 6 0
Tractability 1 1 1 3 9
n=3 m=3 $=18 R=6 W =1

In both methods, Tractability consistently emerged as the highest priority dimension, followed
by Transport Quality and Service Quality. These findings suggest strong cross-group alignment on the
broad categories that define public transport supply quality.

4.2. Level 2 Results: Performance Dimensions
This level consisted of 11 sub-criteria defining the key dimensions of service performance.

4.2.1 FAHP Results:
The final FAHP scores are shown in Fig. 6. With the highest priority weight, the most important
dimension during travel was found to be perspicuity and information. Information before to travel
and physical comfort came next.
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The normalised (FAHP) scores for 2" Level

1.2
1
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Accessibility  Directness Time Speed Reliability Perspicuity Pre-Trip En-Route Physical Mental Travel Safety
Availability Information  Information comfort comfort
@m@um Regular Passengers e=@=== Potential Passengers e=@== Government Officials

Fig. 6. Final normalised FAHP scores among evaluator groups at
Level 2.

Despite the larger number of criteria, a strong consensus was maintained. Kendall’s W was
calculated at 0.838 (Table 6), confirming that the groups strongly agreed on the relative importance
of these 11 performance dimensions.

Table 6
Agreement assessment using Kendall's W across
evaluator groups for Level 2 with the FAHP method.

Regular users Potential users Government Ri (Ri-R)"2
Accessibility 9 10 28 100
Directness 5 20 4
Time Availability 10 7 25 49
Speed 4 8 6 18 0
Reliability 11 11 11 33 225
Perspicuity 2 2 1 5 169
Pre-Trip Information 3 4 3 10 64
En-Route Information 1 6 2 9 81
Physical comfort 5 1 5 11 49
Mental comfort 6 3 4 13 25
Travel Safety 7 10 9 26 64
N=11 M=3 S =830 R=18 W =0.838
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4.2.2 IAHP Results:

The IAHP results, illustrated in Fig. 7, reinforced the findings from the FAHP analysis. Information
during travel was again ranked as the most important dimension by all groups. The order of the top
five criteria (Information during travel, Perspicuity, Information before travel, Physical comfort,
Mental Comfort) showed strong alignment with the FAHP results.

The normalised (IAHP) scores for 2" Level

0.8
0.6
0.4
0.2

0
Accessibility  Directness Time Speed Reliability ~ Perspicuity Pre-Trip En-Route Physical Mental Travel Safety
Availability Information  Information comfort comfort

@@= Regular Passengers @=@== Potential Passengers @@= Government Officials

Fig. 7. Final normalised IAHP scores among evaluator groups at
Level 2.

The IAHP method yielded a marginally higher level of agreement, with a Kendall's W
of 0.861 (Table 7). This suggests that the interval-based approach slightly improved the
harmonisation of stakeholder preferences at this level.

Table 7
Agreement assessment using Kendall's W across
evaluator groups for Level 2 with the IAHP method.

Regular users Potential users Government Ri (Ri-R)"2

Accessibility 10 9 10 29 121
Directness 8 5 7 20 4
Time Availability 9 8 8 25 49
Speed 4 7 6 17 1

Reliability 11 11 11 33 225

Perspicuity 2 2 1 5 169
Pre-Trip Information 3 4 3 10 64
En-Route Information 1 6 2 9 81
Physical comfort 6 1 4 11 49
Mental comfort 5 3 5 13 25
Travel Safety 7 10 9 26 64
n=11 m=3 $ =852 R=18 W =0.861
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Across both methods, Information during travel was unanimously ranked as the most important
sub-criterion. Perspicuity, Information before travel followed closely. Criteria such as Reliability and
Accessibility consistently received the lowest weights across all evaluator groups. Thus, stakeholder
consensus was not only high at this level but also reflected shared prioritisation of operational
qualities most directly linked to everyday travel experience.

4.3. Level 3 Results: Operational Indicators
The most granular level included 10 specific, measurable indicators of service quality.

4.3.1 FAHP Results:
As shown in Fig. 8, Stops Safety and Awaiting Time were identified as the two least important
operational indicators. In contrast, Need of transfer and Time to Reach Stops were among the
highest priorities.

The normalised (FAHP) scores for 37 Level

1.2

0.8
0.6
0.4

0.2

Frequency of  Limited Time of Journey Time  Awaiting Time Time to Reach  Directness to Stops Safety ~ Comfort in Stops Need of transfer ~ Fit Connection
Lines Use Stops stops
=@ Regular Passengers e=@== Potential Passengers =@ Government Officials

Fig. 8. Final normalised FAHP scores among evaluator groups at
Level 3.

A significant drop in consensus was observed at this operational level. Kendall’'s W decreased
to 0.437 (Table 8), indicating only a moderate level of agreement. This reveals that while
stakeholders agree on high-level goals, their priorities diverge significantly on specific, practical
details.
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Table 8
Agreement assessment using Kendall's W across
evaluator groups for Level 3 with the FAHP method.

Regular users Potential users Government Ri (Ri-R)"2
Frequency of Lines 4 2 9 15 2.25
Limited Time of Use 10 8 1 19 6.25
Journey Time 5 5 5 15 2.25
Awaiting Time 3 7 6 16 0.25
Time to Reach Stops 1 6 4 11 30.25
Directness to stops 8 3 8 19 6.25

Stops Safety 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
n=10 M=3 $=324.5 R=16.5 W =0.437

4.3.2 IAHP Results:
The IAHP results for Level 3 as shown in Fig. 9, confirmed the same top and bottom
priorities: Time to Reach Stops (highest) and Stops Safety (lowest). However, the interval method
showed shifts in the middle rankings (e.g., for Comfort in Stops, Frequency of Lines).

The normalised (IAHP) scores for 34 Level

1.2
1
0.8
0.6
0.4
0.2
0
Frequency of  Limited Time of Journey Time  Awaiting Time  Time to Reach ~ Directness to Stops Safety ~ Comfort in Stops Need of transfer ~ Fit Connection
Lines Use Stops stops
@=@== Regular Passengers @=@== Potential Passengers e=@== Government Officials

Fig. 9. Final normalised IAHP scores among evaluator groups at
Level 3.

Crucially, the IAHP method achieved a higher consensus measure than FAHP at this level. The
Kendall’s W value was 0.504 (Table 9), which falls into a moderate-to-strong agreement range. This
demonstrates IAHP's superior capability to find common ground among stakeholders even where
opinions are most divided.
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Table 9
Agreement assessment using Kendall's W across
evaluator groups for Level 3 with the IAHP method.

Regular users Potential users Government Ri (Ri-R)"2
Frequency of Lines 4 2 9 15 2.25
Limited Time of Use 10 8 1 19 6.25
Journey Time 5 5 5 15 2.25
Awaiting Time 3 7 6 16 0.25
Time to Reach Stops 1 6 4 11 30.25
Directness to stops 8 4 8 20 12.25

Stops Safety 9 9 10 28 132.25
Comfort in Stops 7 10 7 24 56.25
Need for Transfer 2 3 2 7 90.25
Fit Connection 6 1 3 10 42.25

n=10 m=3 $=374.5 R=16.5 W =0.504

The level of stakeholder agreement is inversely related to the specificity of the criteria. Consensus
was strongest on broad Strategic Goals (Level 1, W: 0.778-1.000), strong on Performance Dimensions
(Level 2, W: 0.838-0.861), and weakest on detailed Operational Indicators (Level 3, W: 0.437-0.504).

The Interval AHP (IAHP) method consistently outperformed the Fuzzy AHP (FAHP) method across
all three hierarchical levels, yielding higher Kendall’s W values (Level 1: 1.000 > 0.778; Level 2: 0.861
> 0.838; Level 3: 0.504 > 0.437). This indicates that IAHP is a more effective tool for achieving and
measuring consensus in a multi-stakeholder environment.

5. Discussion

This study set out to achieve two primary objectives: to evaluate public transport supply quality
from a multi-stakeholder perspective and to determine the relative efficacy of FAHP versus IAHP in
achieving consensus. The results present a clear narrative: while stakeholders share a strong
consensus on high-level strategic goals, significant divergence emerges at the operational level, and
the IAHP method consistently proves superior in harmonising these diverse perspectives. These
results are interpreted, their theoretical and practical consequences are examined, and the limits of
the study are acknowledged.

The inverse relationship between the level of criteria detail and the degree of consensus
(Kendall’s W) is a fundamental and expected finding, yet its magnitude is highly instructive. The
perfect consensus (W = 1.000) on Level 1 strategic goals indicates that all stakeholders Regular users,
Potential users and Government side share a unified vision for the public transport system in
Mersin. This aligns with broader sustainable mobility paradigms that emphasise accessibility,
reliability, and user satisfaction as universal goals [1]. It confirms that disagreement is not about the
ultimate objectives but rather about how to achieve them.

The high consensus on Level 2 performance dimensions (W = 0.85) suggests that stakeholders
also largely agree on what constitutes good service. Attributes like Reliability, Accessibility, and
Travel Safety are recognised as critical pillars by all parties, reflecting findings from previous studies
on service quality determinants [49] & [50].
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The significant drop in consensus at Level 3 (W = 0.47) is where the most valuable insights for
planners emerge. This divergence reveals the "devil in the details." While all groups value "Safety,"
their operational focus differs: passengers may prioritise "Stops Safety" (lighting, security), while
officials might focus on "Travel Safety" (accident rates). Similarly, the low priority assigned to "Need
of transfer" by passengers contrasts with its potential value to planners for creating efficient network
structures. This fragmentation directly reflects the groups' divergent lived experiences and
institutional roles, a classic challenge in participatory planning [51]. It underscores that the most
intense negotiations and trade-offs in policy-making will occur at this operational level.

This study represents the outperformance of IAHP over FAHP across all hierarchical levels is the
core methodological contribution of this study. We posit that this is not a random outcome but a
direct consequence of the fundamental differences in how each method handles uncertainty and
aggregates group preferences.

FAHP, through its defuzzification process, effectively compresses a range of opinions into a single,
compromised value. While efficient, this process can act as a "black box," smoothing over nuanced
disagreements and potentially creating an artificial veneer of agreement that masks the true extent
of underlying divergence. This is likely why FAHP reported lower concordance.

In contrast, IAHP preserves the diversity of input judgments through its interval outputs. It does
not force an artificial early compromise but instead identifies the bounds of agreement and
disagreement transparently. This allows the aggregation process to more authentically find the
"common ground" between groups. The interval for a criterion like " Reliability" would be wide,
accurately reflecting conflict, while for "Need of transfer" it would be narrow, reflecting true
consensus. This inherent transparency makes IAHP a more honest broker in group decision-making,
leading to a higher authentic consensus as measured by Kendall’s W. This finding resonates with
arguments that methods preserving uncertainty lead to more robust and legitimate decisions in
complex environments [10].

Therefore, IAHP is not merely an alternative but a more appropriate tool for contexts where
understanding the spectrum of stakeholder opinion is paramount. It provides planners with a
superior diagnostic tool, highlighting both zones of easy agreement and areas requiring targeted
public engagement or negotiated trade-offs.

Regarding the above, the results provide a clear, evidence-based action plan for Mersin
Municipality. The strong agreement on Strategic Goals (Level 1) and Performance Dimensions (Level
2) provides a solid mandate for investment. Resources should be prioritised immediately towards
enhancing Reliability (e.g., via real-time tracking and priority lanes), Accessibility (e.g., improving
pedestrian access to stops), and Time Availability (e.g., extending service hours). These investments
have the highest probability of universal support and perceived success.

Also, we can assure that the disagreements at Level 3 are not a failure but a map for necessary
dialogue. The notably low priority given to "Need of transfer" by passengers signals strong resistance
to transfer-based solutions. Therefore, any policy aimed at network optimisation through hubs must
be accompanied by robust citizen co-design workshops and compelling communication of the
benefits (e.g., higher frequency on trunk lines). Similarly, improving "Stops Safety" (a high-priority
indicator) would be a universally supported step that could build trust for more complex changes.

The Municipality should institutionalise the IAHP method for future planning consultations. Its
ability to transparently document the degree of agreement provides a more legitimate foundation
for tough decisions and helps avoid policies that are technically sound but lack social license.

This study has limitations that also present opportunities for future research. First, the focus on
a single city limits the generalizability of the specific priority weights. Replicating this framework in
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cities of different sizes and cultures would help distinguish universal preferences from context-
specific ones. Second, the stakeholder sample, though representative, had asymmetric group sizes.
Future studies could aim for greater balance or explore within-group heterogeneity. Finally, this study
focused on perceived quality.

This research demonstrates that the choice of MCDM method has a real and measurable impact
on participatory outcomes. By moving from a fuzzy to an interval approach, planners can achieve a
more genuine consensus, leading to public transport policies that are not only smarter but also more
broadly supported.

6. Conclusion

This study undertook a rigorous comparative analysis of two Multi-Criteria Decision-Making
(MCDM) methods, Fuzzy AHP (FAHP) and Interval AHP (IAHP), to evaluate public transport supply
quality in Mersin, Turkey, through a multi-stakeholder lens. The integration of Kendall’s Coefficient
of Concordance (W) as a primary performance metric provided a novel means to quantify the
consensus-building efficacy of each method.

The findings lead to two overarching conclusions. First, the research confirms that stakeholder
consensus is inherently hierarchical. While a strong, unified agreement exists on strategic goals and
performance dimensions, significant divergence emerges at the level of specific, operational
indicators. This illustrates that while all parties agree on the ends of a high-quality public transport
system, they often disagree on the precise meansto achieve them. For policymakers, this
underscores the necessity of moving beyond high-level consultations to engage in detailed,
participatory dialogues around operational trade-offs.

Second, and most significantly, the study demonstrates the clear methodological superiority of
IAHP over FAHP in multi-stakeholder settings. The consistent achievement of higher Kendall’'s W
values across all hierarchical levels indicates that IAHP is more effective at capturing and preserving
the diversity of stakeholder preferences. By utilising interval judgments instead of forcing a
compromise through defuzzification, IAHP provides a more transparent, honest, and ultimately
robust aggregation of group inputs. This makes it a more reliable and legitimate tool for participatory
transport planning.

The practical implications of this work are immediate. Planners in Mersin and similar cities are
provided with a validated framework for action: they can confidently invest in high-consensus areas
like reliability and accessibility while using IAHP to identify and strategically engage with stakeholders
on more contentious operational issues like network design and transfer policies.

In closing, this research contributes to the fields of transport planning and MCDM by providing
empirical evidence that the choice of methodological approach directly influences participatory
outcomes. The IAHP method, paired with Kendall’s W, offers a superior pathway to developing public
transport policies that are not only technically sound but also socially legitimate and sustainable.
Future work should focus on validating this framework in diverse urban contexts and integrating
these subjective stakeholder priorities with objective performance data to create a comprehensive
decision-support system for the cities of tomorrow.
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