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Abstract: The COVID-19 pandemic has affected public transportation worldwide, and its implications
need to be evaluated and study deeply on all public transportation aspects. Therefore, an analysis
has been created to examine the effects of the pandemic on public transportation service quality
decisions to have a better vision of the different stakeholders’ needs to keep the system functioning in
a profitable way. Stakeholder participation in complex, multi-criteria decision-making often produces
very different results in prioritizing the decision attributes. Rank correlation techniques generally
measure the degree of agreement or non-agreement among the evaluator groups. However, the
multi-criteria methodology can determine not only ordinal but also cardinal priorities. Consequently,
except for the attributes’ positions, the weight values are also significant in the final decision. This
paper aims to apply a more sophisticated measure of group agreement than rank correlation. First, the
Fuzzy-hierarchical analytical process (FAHP) has been used to find out the aggregated weights, then
the Kendall correlation values are computed to reveal stakeholder opinions. Finally, the agreement
measure approach has been tested in a real-world case study: the public transport development
decision of Amman, Jordan. The analysis shows that by applying the Kendall technique, Kendall
could gain a more profound insight into the priority characteristics of different evaluator groups.
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1. Introduction

The COVID-19 pandemic has affected all sectors, including the public transportation
system. Unlike the usual behavior of governments to incentivize people to use public
transportation, it has started to motivate people to use their cars during the pandemic. In
contrast, measures were taken such as curfew, social distancing, and other measures to
minimize the virus’s spread. During the pandemic, countries faced the challenge associated
with ordinary travel, calling for the requalification of current road infrastructure and transit
systems—the unconventional design of roads and the enhancement of pedestrian and
bicycle lanes ways of reinforcement mobility after the pandemic. Additionally, the COVID-
19 pandemic has raised some concerns about infrastructure vision, causing everyone’s
perspective to shift. However, the economic system and transportation demand can be
improved and expanded through short and long-term planning, the acquisition of public
funding, and facilitate public-private partnerships. Moreover, the long-term effects of the
COVID-19 pandemic may encourage more permanent changes in intelligent working and
other daily activities, lowering mobility requirements and overall fossil energy use. These
developments can accelerate sustainability transitions by promoting research and new
practices resulting from the COVID-19 pandemic [1].

Public transportation in Amman has been adversely affected because individuals
or small companies own the public buses, economic implications have arisen directly
on the owners and passengers. This paper introduces an integrated approach, Fuzzy
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AHP-Kendall model, combining decision-makers demands to present a sustainable transit
system. The conducted model has been tested in the city of Amman in Jordan during the
COVID-19 pandemic period on surveying the local public bus transport service quality
and its desired modification by the passengers, non-passengers, and municipal officials.

In transport sciences, conflicting stakeholder groups and practices are often identified,
and the level of their agreement could be a vital indicator of a planned or implemented
decision. Diversity in preferences might cause the punishment of one or more stakeholder
groups, making the intervention to transport system unsustainable in the long term.

However, what should we call the diversity of evaluator groups in preference surveys?
What could be the best way to measure and indicate the degree of alterations in a priority
ranking of transport-related decision attributes?

In value and utility-based multi-criteria decision-making methods: Analytic Hierarchy
Process [2], Analytic Network Process [3], Best-Worst Method [4], Simple Multi-Attribute
Rating Technique [5], and Swing [6], the outcomes are both ordinal and cardinal.

Despite this, the existing scientific solution for determining the degree of agreement
among evaluator groups focuses merely on comparing rankings, thus on the ordinal
characteristic of MCDM outcomes. Kendall or Spearman rank correlation techniques
applied for agreement measures depend on the number of stakeholders. Even the most
recent and advanced models [7] concentrate on the rankings themselves as outcomes.
Still, the weight values or alternative scores are neglected in the agreement measure and
consensus creation procedure.

The process of decision-making often needs to be improved, and tools to facilitate
decision making. Consequently, MCDM techniques have been developed to facilitate
decision-makers” work.

Scholars from different fields have used MCDM techniques to solve decision-making
problems. For instance, ref. [8] applied the Analytic Hierarchy Process (AHP) to improve
the public transport sector’s performance by enhancing the performance of regional urban
operators. Ref. [9] used the AHP to improve urban public transport system decision
problems in a developing country. At the same time, ref. [10] applied the Delphi method,
GAHP, PROMETHEE to evaluate the public transportation systems in Tehran city, ref. [11]
revised the PROMETHEE approach in the public transportation sector, ref. [12] combined
the Analytic Hierarchy Process (AHP) and Interpretive Structural Modeling (ISM) to amend
passenger preferences and expert knowledge on transport systems. Ref. [13] built a hybrid
method for integrating demand forecasts to apply it in the automotive industry. Ref. [14]
used Pareto optimality with the Analytic Hierarchy Process (AHP) in public transport
service development. Ref. [15] conducted an AHP application to select the vendors of
the telecommunications system. Ref. [16] proposed a new MCDM technique Gray-AHP
decision-making method to evaluate the public transportation supply quality. Ref. [17]
applied AHP-BWM to assess driver behavior factors. While, different researchers [18,19]
are trying to affect the decisions by using policy models and simulation studies.

Multi-criteria decision techniques (MCDM) have become popular to solve and support
transportation field decision problems. For example, ref. [20] applied a hybrid approach
based on the Analytical Hierarchy Process (AHP) and Dempster Shafer theory to evaluate
the impact of environment-friendly transport measures. Ref. [21] used an MCDM approach
for selecting a sustainable transport system. Ref. [22] developed a sustainable transport
policy using the AHP approach by testing several transport policies and strategies. Ref. [23]
used MCDM and IPA in the transshipment sector to assess the quality of the international
port. Ref. [24] used Fuzzy MCDM to evaluate the service quality in the airports.

Jordan’s commercial, political, and cultural capital is Amman. It is located in a strategic
region in the Middle East. It is home to 4 million people, including moreover 42 percent
Jordanians and individuals of various ethnicities. Jordan is one of the countries with the
most considerable number of refugees [25]. This humanitarian behavior has significant
consequences for Amman, Jordan’s capital, especially on the infrastructure components in
Amman, precisely the public transportation sector, due to the lack of readiness to host the
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high number of refugees. Therefore, a reliable, sustainable transportation system is needed.
Traffic and public transportation have become the main concern for citizens. Boosting the
city’s economic situation is necessary to minimize the financial burden by improving and
investing in the public transportation sector. Consequently, the economic crisis will be
positively changed. For example, the job market access and business district will increase
the laborers” income and business productivity [26]. Investing in the public transportation
sector will attempt more tourists to visit Jordan, which will be reflected in the country’s
economy directly and indirectly (by creating new jobs) [27]. Researchers are studying traffic
to improve citizens’ lives, minimize congestion, and lower the accident rate [28]. Jordan
has vast human, economic losses and social and emotional negative impacts. Accordingly,
improving the public transportation system will improve the traffic in the city. For instance,
ref. [29] worked on travel costs and time delays for public transport in Jordan. In contrast,
government action has been taken to implement the Sustainable Urban Mobility Plan
(SUM) for Amman city to have a strategic mobility plan of the town [30] and build a bus
rapid transit (BRT) project to improve the public transportation in the capital. Ref. [31]
introduced a new integrated model to support the decision-maker to improve public bus
transportation in the city by using an integrated AHP-BWM model.

The rest of the paper is structured as follows: In the next section, we provide the de-
scription of Fuzzy AHP and the existing and proposed concordance calculation techniques.
Further, a case study on a public transport development decision in the Jordan capital,
Amman, is presented applying the new concordance calculation.

Finally, some conclusions are drawn, and suggestions are made to apply further and
improve the new approach.

2. Materials and Methods
2.1. Main Characteristics of Fuzzy AHP

FAHP approach was extensively applied by academics and professionals in many
fields and problems, mainly in engineering fields like transport engineering field [32,33].

This study emphasizes and ranks in Amman the criteria for the quality of public
transport identified by the Fuzzy AHP approach. As a result, the FAHP method was used
to fuzzify the hierarchical analysis by allowing fuzzy numbers for the evaluators’ pairwise
comparisons (P.C.s). As a result, the hierarchy tree must establish P.C.s among the four
main criteria and twenty-four sub-criteria. Following data collection, the geometric mean
approach was used to aggregate evaluators’ responses, and final scores were computed and
prioritized. A consistency check was performed to ensure the quality and trustworthiness
of the collected data.The mathematical notation for the FAHP evaluation was used from the
work of Sun [34]. The author conducted a fuzzy logic technique in the referred paper by
developing a reconnaissance survey with fuzzy triangular scales. The following formulas
are simple applications in our research for the newly created integrative decision model.
They introduce the formulas in detail to give insight into the computational process.

A fuzzy number T on R to be a triangular fuzzy number if its membership function
p7(x) : R — [0, 1] is equal to the Formula (1):

X—s r—x
,s<x<m
m-—s r—m

ﬂﬂ@={

Otherwise, from Equation (1), d and u intend the inferior and superior bounds of
the fuzzy number T, and m is the modal value for T (see Figure 1). The fuzzy triangular
number can be exhibited by T = (s, m, r).

,m<x<r0, 1)
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Figure 1. The membership functions of the triangular fuzzy number.

The operational laws of triangular fuzzy number T | = (s;, my, 1) and T 5, =
(sp, my, 1) are blazon as consecutive formulas as an addition (2), multiplication (3), divi-
sion (4), and reciprocal (5) of the fuzzy numbers.

In our procedure, all formulas were applied.

The aggregation of T 1 and T ; is in Equation (2):

T1®To=(s1+82,m +myr+1). @)
The multiplying of T 1 and T ; is in Equation (3):
T, ® T, = (5182, mymy, r1rp) for sy, sp > 0;mq, my > 0;r175 > 0. (3)
The division of fuzzy number @ shown in the following Equation:

~ ~ s1 mp r
T1 9Ty, = (1, 1,1>for S1, So > 0;mq,my > 0;r1rp > 0. 4)
a2 ,my Sy

The reciprocal of the fuzzy number shown in the following Equation:

1 1 1
T = (s1, my, 11) R (Vl,mllsl) for sy, sp > 0;mq,my > 0;rq1p > 0. (5)

In the current research, the computational technique was based on the sequent fuzzy
numbers defined by Gumus [35] and Sun [34].

Figure 2 represents the public transport service quality elements. Considering that the
decision elements’ supreme connections are hierarchical, and there are very few dependen-
cies among the attributes. The basic hierarchical structure made it possible to apply FAHP.
FAHP methodology was followed in constructing the questionnaire. For the first level, the
questions were asked: Compare the importance of improvement for the approachability
and directness criterion, and so forth for all possible pairs. Consequently, for the second
level, the same procedure was followed. The same questionnaire was presented to all
stakeholders (passengers, non-passengers, and municipal officials).
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VR
Service quality
NS
Approachability Directness Time availability Speed Reliability
N N N N N
A~ A~ A~ A~
Distance to stops Need of transfer Frequency of lines Journey time
N N N A
A~ A~ P A~
Safety of stops Fit connection lelte:szme of Awaiting time
N N N A
A~ A~
. Time to reach
Comfort in stops
stops
N A

Figure 2. The hierarchical model of the service quality.

Passengers: The traveler or potential traveler uses the public buses on a daily, weekly,
or monthly basis.

Non-Passengers: people using their private cars to move, but potential passengers in
the future.

Municipal officials: The municipality representatives in the transport department.

The number of participants in this survey was 50 passengers, 30 non-passengers, and
10 municipal officials.

Table 1 shows the fuzzy scale numbers and their definition for each group. The
employed P.C. matrices were formed based on the hierarchical structure of criteria, as
shown in Figure 1. Linguistic terms were allocated to the P.C.s by asking which criteria are
more treasured than the other concerning the primary goal. As

1 a4 a3 au ags 1 an 13 a  ags
o anm 1 axp ax ax /a1 1 ax Ay ans
T=A=|ay ap, 1 a3 ap |=|1/a;3 1/ayn 1 Az as (6)
Ay Ay a1 ags /a1y 1/ay 1/a3 1 g5
as1 as as3 asy 1 /a5 1/axs 1/a3 1/ass 1
where
SO NS RO RIS SUNE RS RSO RIS VUV

a;=149 ,8 ,7 ,6 ,5 ,4 ,3 ,2 ,1,2,3,4,56,7,89,1,i#]li=]j

The fuzzy geometric mean technique was implemented for accumulating the fuzzy
weights for each rater group [36].

= (0 @ e @0 @ s @ ) - @)

Wi=Fi[1® T ® T3 ®F4 ® 75| L. (8)

where a;; is fuzzy comparison value of dimension i to criterion j, thus, 7; It is a G.M.
technique of fuzzy comparison value of criterion i to each criterion.

w; is the fuzzy weight of the i th criterion, which is illustrated by a triangular fuzzy
number, w; = (dw;, mw;, hw;). The lw;, mw;, and uw; Emblematic the upper, middle, and
lower values of the fuzzy weight of the i-th dimensions.
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Table 1. Linguistic scale of the scale fuzzy numbers.

EN. Linguistic Scale EN. Scale
9 Perfect (8,9, 10)
8 Absolute (7,8,9)
7 Very good 6,7,8)
6 Fairly good 5,6,7)
5 Good (4,5, 6)
4 Preferable (3,4,5)
3 Not bad 2,3,4)
2 Weakly Important 1,2,3)
1 Equally Important 1,1,1

The consistency ratio for all pairwise comparison (P.C.) matrices was smaller than 0.1,
which is acceptable for completing the Fuzzy AHP analysis, as Saaty suggested [37]. The
final scores of the eigenvectors provide the opportunity to set up a rank order of preferences
for the participants of public bus transport on the issues of the system also considering the
weight scores of the previous levels by using the following Equation:

W Wy @; 1
~ ] 1] ] ~
AT W oy (w ) wik> v ©

wherej=1,... , mand @ = }[" | @j;
w;>0(=1,...,m)represents the related weight coordinate from the previous level.
w;j>0(i=1,...,n)is the eigenvector computed from the matrix in the current level.
wWai (i=1,...,n)is the calculated weight score of the current level’s elements.

2.2. Kendall Concordance Characteristics

As previously mentioned, the purpose of this conducted research has been to collect
preference scores related to public bus transport development and analyze the variation
among the opinions of the three distinguished evaluator stakeholders. These viewpoints
are expressed by the previously introduced w 4;. Final scores (9) gained the group wisely.
However, it needs to be stressed that for such cases, where harmonious groups can be
separated in the evaluation process with different interests, expertise, etc., the aggregation
Equation (5) can only be applied within the homogeneous group, but not among groups.
For example, in the case of Amman (introduced in the Results section), three nearly
homogeneous groups:

Passengers, non-passengers, and municipal officials” representatives could be sepa-
rated. Then, Equation (5) was applied among the groups wisely. By this, the application of
AHP could demonstrate each group’s preferences: four distinct rankings of supply quality
elements could be obtained that reflected the importance scores of each decision-maker
group related to the necessity of developing the public transport system items. Finally, to
assess the agreement degree or concordant degree among passengers, non-passengers, and
municipal officials’, Kendall’s concordance coefficient (W) has been applied [38]. This is a
nonparametric method for three or more different rankings and applicable for evaluating
the agreement among multiple involving groups.

R = 271:1 rij (10)
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where R; the total aggregated ranking for each criterion i, 7;;. The rank given to criterion i
by the participant group j, m is the number of rater groups rating n factors.

_m(n+1)
Rj= ——— (11)
S=Y . ,(Ri—R)? (12)

where S is a sum-of-squares statistic deviation over the row sums of ranking R; and R is
the mean of the Ri values. Following that, Kendall’s “W” statistic is between one and zero,
and it can be obtained from either of the following formulas:

125

W= m2(n3 —n)

(13)

After applying the Formula, the result will be a number that determines the agreement
degree among the different groups, as shown in Table 2.

Table 2. Kendall’s W agreement degree scale.

w Interpretation

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

1 Perfect agreement

3. Results
3.1. Case Study

Amman, the capital of Jordan, has a strategic location in the middle east. In contrast,
this location has to be exploited more to attract businesses and entrepreneurs by improving
the public transportation network, enhancements needed at the levels of law and regu-
lations, and the transportation network level. Being eager to improve the whole system
will affect the economic situation of the city positively. For instance, tourism will be raised
if you have a sound transportation system to have no trouble moving around the city
without getting scammed by private car companies [39]. On the other side, accessibility to
the markets and job places will be more comfortable and smoother without any conges-
tion. Accordingly, employers and employees will benefit from the transportation network.
Complex decisions that need to be taken to have a successful system include the physical
network and the legislation and laws to regulate the whole transport process [40]. This
paper attempts to demonstrate a new decision-making approach, which has been proposed
to support decision-makers to make the right choice related to the transportation network’s
improvements. Amman only has a public bus system, and the study will cover the public
bus system and grasp its primary issue.

3.2. Result

This section presents the results of the analyzed data.

Table 3 demonstrates the stakeholders’ preferences for level 1. It is clearly shown that
the passengers and officials groups agree that the “Speed” criterion must be in the first
place of the improvements. While non-passengers had the “Time availability” criterion in
the first place to be improved, the stakeholders have different preferences in level 1, which
undoubtedly affects the level 2 ranking and score. Accordingly, raising the number of buses
for each routing will improve the speed and satisfy the passengers and municipal officials
and compensate for the damage done by reducing passengers per trip during the pandemic.
In addition, exclusive lanes for the public buses would decrease the waiting time. However,
“Time availability “ became in the first position from the non-passengers group point of
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view in terms of importance. Accordingly, operation hours extension would enhance the
public bus in the city. Interestingly, the priorities for stakeholders that need to be placed in
the first level have changed during the pandemic. For instance, in our previous studies in
2019, 2020, respectively [9,31], passengers had the safety of travel attribute in the first place
to be improved. At the same time, now speed criterion is the priority for passengers.

Table 3. Stakeholders final weight score for level 1.

Criteria Passengers Passengers Non-Passengers ~ Non-Passengers Municipal Officials Municipal Officials
Final Weight Ran Final Weight Rank Final Weight Rank
Approachability 0.0628 5 0.0775 5 0.0628 5
Directness 0.0980 4 0.1032 4 0.0980 4
Time availability 0.3102 2 0.3624 1 0.3102 2
Speed 0.3661 1 0.2976 2 0.3661 1
Reliability 0.1629 3 0.1593 3 0.1629 3

Table 4 demonstrates the preferences for all stakeholders for level 2. The criterion
“Journey Time” is the essential criterion for the passengers group, “Frequency of lines”
is the critical attribute that needs to be improved based on the non-passengers group. In
contrast, the “Limited time if use” attribute was the municipal officials’ concern. As there
is no agreed decision at the first level between decision-makers, different preferences are
expected at level 2. Still, at the same time, this is good for conducting a strategical traffic
master plan for the city by including the priority attributes that need development and
improvement to work on it early instead of working without clear baselines. COVID-19
new regulations and restrictions have changed the priorities for municipal officials, for
example, in the 2020 study [31]. Their focus was to improve the fit connection criterion,
while now their best interest to improve the limited time of use attribute in the first place
as the pandemic affected this criterion.

Table 4. Stakeholders final weight score for level 2.

Criteria Passengers Passengers ~ Non-Passengers Non-Passengers Municipal Qfﬁcials Municipal Officials
Final Weight Ran Final Weight Rank Final Weight Rank

Distance to stop 0.0315 8 0.0377 8 0.0261 8
Safety of Stops 0.0183 9 0.0228 9 0.0175 9
Comfort of stops 0.0130 10 0.0170 10 0.0192 10
Journey time 0.1831 1 0.1473 3 0.1431 2
Awaiting time 0.0631 5 0.0471 6 0.1086 5
Time to reach stops 0.1199 4 0.1033 4 0.1145 3
Need for transfer 0.0595 6 0.0632 5 0.0581 6
Fit connection 0.0385 7 0.0400 7 0.0399 7
Frequency of lines 0.1786 2 0.2039 1 0.1145 4
Limited time of use 0.1316 3 0.1585 2 0.1958 1

As shown in Tables 3 and 4, there is a significant difference among the different
evaluator groups. Kendall’s concordance coefficient (W) has been conducted to detect
the degree of agreement among different evaluator groups (passengers, non-passengers,
and municipal officials). Based on Table 5, there was a “strong agreement” among other
evaluator groups in the first level.



Vehicles 2021, 3 338

Table 5. Kendall’s coefficient of concordance (W) for level 1.

o Rank of Rank of Rank of
Criteria Passenger Side Non-Passenger Municipal Official’s Ri (Ri—R)?
Approachability 5 5 5 15 36
Directness 4 4 4 12 9
Time availability 2 1 2 5 16
Speed 1 2 1 4 25
Reliability 3 3 3 9 0
N=5 M=3 S =286 R=9 W =0.956
In level 2 (Table 6), Kendall’s concordance coefficient (W) also indicates that the
agreement is strong among different evaluator groups following the intervals exhibited
in Table 6. The rank analysis revealed diverse opinions on the necessary elements that
need to be developed for the same public bus transportation system. It can be interpreted
through the groups’ different interests and motivations (mainly between passengers with
maximizing the fleet of buses and municipal representatives with minimizing the total
budget) or insufficient expertise or information for the passengers’ side.
Table 6. Kendall’s coefficient of concordance (W) for level 2.
- Rank of Rank of Rank of
Criteria Passenger Side Non-Passenger Municipal Official’s Ri (Ri—R)?
Distance to stop 8 8 8 24 5.06
Comfort of Stops 10 10 10 30
Safety of Stops 9 9 9 27 27.56
Need for transfer 6 5 6 17 22.56
Fit connection 7 7 7 21 0.5625
Frequency of lines 2 1 4 7 217.56
Limited time of use 3 2 1 6 248.06
Journey time 1 3 2 6 248.06
Awaiting time 5 6 6 14 33.06
Time to reach stops 4 4 3 11 115.56
N =10 M=3 5=710.5 R=21.75 W =0.9569

Accordingly, this study identified strong agreement and priority among the stake-
holder; unlike the previous studies [9,16,31], the pandemic might have rearranged the
priorities for the stakeholders.

4. Conclusions

On the basis of the results, it can be expected that the calculation of Kendall proved the
difference between stakeholders’ opinions on public transport. It should be stressed that
the Fuzzy-AHP application alone has revealed considerable user preferences. Moreover,
the application of the Kendall method has demonstrated that the Kendall approach can
recognize a strong link between the three groups for both levels. At the same time, the
participants assessed their perceptions in the same questionnaires. It can therefore be
stated that in their future transportation strategy, decision makers within the Amman
Municipality Transportation Department should share their views with the public.

In general, Fuzzy-AHP amended by Kendall analysis and group coordination has
been proven as an appropriate method for evaluating transport participants” demand
for system improvement. However, instead of an automatic overall aggregation, a clear
distinction among passengers, non-passenger citizens, and municipal officials is advised to
get more sophisticated results because of the different motivations and expertise in system
development. Under these conditions, it is strongly recommended to apply the Kendall
method and Fuzzy-AHP to analyze the distance among the stakeholders’ different aspects.
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As a remark for further research, optimization techniques might be selected to create
agreement among the different groups on an objective basis and gain a final preference
ranking for development factors containing all aspects. A successful application might
result in a proper scoring system for tendering transportation projects in which technical
cost considerations are integrated and characteristics of the current and future passengers.

This study has a few drawbacks. Firstly, the sample size was small. Secondly, we only
had six bus stations due to the movement restriction that could not meet our expectations.
Accordingly, the results could not necessarily extend to the whole of the city from this
limited area. Thirdly, most of the results were due to compulsory changes. The government
constraints caused many changes in the mobility observed, and for Jordanians, they were
no option. Fourthly, it is difficult to compare the results with other countries with similar
or different pandemic features because their impact is unknown. This study nevertheless
contributes to the study of mobility.
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