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Public transportation (PT) plays a vital role in promoting sustainable mobility, particularly
in congested urban areas. Effective PT planning requires attention to country-specific
objectives and challenges. Evaluating bus services is essential for ensuring that transit
systems meet mobility demands while reducing congestion and pollution. However, no
globally recognized evaluation indicators currently exist for assessing PT services and
stations in developing countries. To address this gap, a systematic literature review was
conducted to establish a weighted assessment checklist tailored to the context of
developing nations. The study employed expert judgment from 15 professionals and
applied the Analytic Hierarchy Process (AHP) to identify best practices. Key indicators for
evaluating bus stations included infrastructure, operations, and facilities, while the level of
service (LOS) and sustainability emerged as the most critical indicators for bus service
evaluation. Among the highest-weighted factors were reliability, safety and security,
connectivity and integration, and operational efficiency, underscoring their importance in
delivering effective and sustainable PT solutions. This research contributes to the body of
knowledge by proposing context-specific indicators that account for the unique challenges
faced by low-income countries, such as limited resources, infrastructure constraints, and
socio-economic conditions.

1. INTRODUCTION

efficiency and activity [10]. High-capacity public bus
transportation services in several nations have been steadily

Developing countries have seen incredible population
expansion over the past two decades [1]. The rise in population
has increased the demand for urban transportation in
megacities [2]. Although the importance of public
transportation (PT) is increasing with the rapidly growing
population of developing countries, the transport
infrastructure is not adequately meeting the current transport
demand [3]. A considerable percentage of people are
constrained to use their private cars, rather than their preferred
choice of public transit, and this has generated severe traffic
congestion on the city's streets [4]. PT is an important
component of sustainable urban transportation in developing
and developed cities [5, 6]. High-occupancy public bus
transport systems are a key component of a sustainable
transportation system [7]. Furthermore, PT helps to minimize
greenhouse gas emissions [8]. According to Sanz [9], the
possible benefits of PT include reduced traffic congestion and
pollution, increased social access, and increased economic
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decreasing due to poor service performance; this has
negatively impacted the sustainability of transportation
systems, particularly in developing nations [11]. Many cities
and localities continue to struggle with providing efficient bus
transportation [2]. Many developing country cities lack
adequate bus services [12].

Cities in developing countries face acute pressures due to
rising motorization, urbanization, and population expansion
[13, 14]. By 2050, approximately 66% of the world's
population is expected to reside in cities [ 13]. The rate of urban
expansion is likely to accelerate in the future decades, creating
a challenge to the delivery of urban passenger transportation
services, which are expected to increase by 60-70% by 2050,
at the same time, motorized transportation is anticipated to
grow by 94% between 2015 and 2050 [15]. Therefore, many
cities worldwide are now developing sustainable mobility
strategies to reduce the use of private vehicles by enhancing
PT [16]. The quality of service is assessed in order to improve


https://crossmark.crossref.org/dialog/?doi=10.18280/ijtdi.090206&domain=pdf

availability and hence raise demand for PT services [17]. To
provide a high-quality transportation system and increase its
appeal to passengers, a corresponding evaluation index system
for the comprehensive service quality of public transit must
first be established [18]. PT system can be assessed using
indicators, which are variables, units, or scales used to
measure service performance [19]. Indicators serve a variety
of functions, including describing, demonstrating, comparing,
and quantifying observable occurrences, and they must be
specific and measurable [20]. Several indicators have been
employed to evaluate various types of transportation
worldwide [21]. Measuring the service of PT is a complicated
and challenging process; it is a dynamic, multidisciplinary
system and a multi-characteristic issue that has numerous
indicators [22, 23].

Developing countries are struggling to decide which
indicators are required to assess the sustainability of PT [20].
Data is generally limited and expensive to obtain; there is a
lack of understanding regarding the purpose of indicators and
the responsibilities of various sectors [2]. To address these
critical challenges, identifying appropriate and context-
specific evaluation indicators is an important step toward
improving PT systems in developing nations. By providing a
clear framework for assessing service quality, these indicators
can assist policymakers and planners in identifying
performance gaps, allocating resources more effectively, and
prioritizing improvements that have a direct influence on user
happiness and system efficiency. Reliable indicators enable us
to evaluate and improve characteristics such as dependability,
safety, accessibility, and affordability, all of which have a
significant impact on public trust and ridership. A targeted
evaluation system is expected to contribute to reducing traffic
congestion, improving service delivery, and promoting public
transit use, resulting in more sustainable and inclusive urban
mobility.

There are several types of technologies available
worldwide, as well as technological tools for evaluating the
public transport sector and its services [10]. However, there
are not enough studies about approved measurement indicators
in developing countries [2]. Furthermore, different
methodologies are commonly used to analyze urban
transportation infrastructure; for example, examining the main
PT factors, such as comfort, timeliness, pricing, and
directness, and identifying the most convenient distance for
public transit. Therefore, this research aims to identify relevant
indicators to evaluate the services provided by PT in
developing countries. Two sub-research questions direct the
study: (1) What are the commonly used criteria and indicators
in the literature for evaluating the PT sector and its services?
(2) What are the most important indicators appropriate for
implementation in developing countries as a special case?

2. SYSTEMATIC LITERATURE REVIEW

Assessing transportation quality of service is the first step
in boosting customer satisfaction in any system [1]. Much
research focuses on customer satisfaction in PT, understanding
how to favorably influence public transit customers'
behavioral intentions for the future, and hence influence
consumers' loyalty [1, 2]. This study combined the results of a
comprehensive analysis of the articles reviewed from 2019 to
2024 using a Rose Flow chart to identify research discussing
sustainable PT indicators. The purpose of the review is to
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investigate indicators  for

countries.

context-specific developing

2.1 Types of criteria and indicators

A variety of indicators have been proposed and developed
to examine sustainable urban mobility scenarios [24]. The
most significant factors are travelling time navigation,
coverage, access to navigation services, price, ease and
pleasure, multimedia communication, and integration [25].
While Lai et al. [26] proposed a method for evaluating public
transit service quality based on passenger energy cost, Hu et
al. [18] developed an evaluation index system about the
overall passenger experience and the quality of service
provided by public transit enterprises to enhance the overall
operational efficiency and service quality of urban public
transit. In addition, Tiwari and Phillip [16] presented two
considerations, quantitative variables (coverage, accessibility,
affordability, etc.) and qualitative variables (public finance,
integration, comfort and pleasure, etc.) [25, 27].

Previous research indicates that reliability, availability,
accessibility, affordability, safety, and comfort are significant
factors in determining an effective transportation system and
satisfaction [2, 19, 28]. Reliability depends mostly on schedule
adherence [29, 30]. Improvements in reliability can raise
passenger satisfaction and attract new passengers [31].
Satisfaction occurs when services meet or surpass expectations
[32]. Rider satisfaction is a standard metric for evaluating
service quality [33]. Studies indicate that enhancing the
service quality of PT contributes to commuter happiness over
time [34]. On the other hand, the term "safety" is commonly
defined as the degree to which services provided match users'
standards [35]; safety has an immediate impact on the
sustainability of PT and the choice of travel mode [32].
According to the expectation model developed by Atombo and
Wemegah [32], price, availability, security, and reliability
were the most important aspects of service quality associated
with passengers' expected satisfaction.

Accessibility is another important aspect of PT services,
passengers' pleasure is influenced by the ease of access to
public bus transportation at the origin and destination [19, 36].
A public bus system's service performance is judged by the
perceptions and expectations of its users [32]. Besides,
commuter satisfaction with PT is linked to affordability, which
refers to a person or household's ability to travel when
necessary [34]. Moreover, availability refers to transportation
options within a reasonable distance between the origin and
destination [37]. The criteria of availability include path and
coverage, as well as the number of facilities at bus stations
[38]. Research indicates that commuters are more satisfied
when PT is available [32]. As same as comfort of the buses
helps to entice and keep ridership [39].

As important indicators that can't be ignored, Sustainable
Development Goals (SDGs) and particularly SDG target 11.2,
which explicitly refers to urban transportation [40]. It requires
governments to have a PT system with at least two elements
of accessibility: physical and economic [16]. This means
ensuring barrier-free physical access to the public transport
(PT) system while maintaining reasonable user fees [41]. One
of the most important things to focus on is improving
accessibility in order to expand access to PT [31]. An efficient
and dependable transportation infrastructure is required to
establish circumstances for the development and territorial
expansion of the city [42].



2.2 Analysis and evaluation methodologies

There are many methods used to evaluate the indicators of
transportation service. For example, Gunawan and Sam [43]
used the SERVQUAL technique to analyze the core public bus
transport users' quality of service, bus service dependability,
and responsiveness, while Gaschi-Uciecha [31] used
SERVQUAL method to assess reliability. Furthermore, the
Customer Satisfaction Index (CSI) approach was employed to
evaluate service quality, including reliability [33, 44].
Additionally, Stojic et al. [34] used correlation analysis, factor
analysis, and regression analysis to analyze the factors
influencing satisfaction with travelers based on the younger
user group.

Stojic et al. [34] developed a user comfort assessment model
for PT that utilizes the benefits of the Analytic Hierarchy
Process (AHP), entropy weight technique, and fuzzy
comprehensive evaluation approach. while Shiddiqi et al. [20]
combined AHP with the best-worst method for evaluating the
quality of public transit services. Moreover, Hu [3] developed
a traveller satisfaction index system based on AHP and a fuzzy
comprehensive evaluation approach. Similarly, Moslem et al.
[45] presented an integrated grey Analytic Hierarchy Process
and grey Multi-Objective Optimization Method using Ratio
Analysis technique to assess the quality of PT services.

Another method was used, which is multi-criteria analysis.
Rajsman and Skorput [46] introduced a multi-criteria model to
evaluate the quality of transportation services by assessing
satisfaction among travellers using a disaggregated approach
and linear programming modelling. Uspalyté-Vitkiiniené et al.
[47] conducted a multi-criteria analysis with 14 experts to
evaluate the significance (weight) of each criterion of PT
services. While Kalifa et al. [25] developed a multi-criteria
decision analysis for prioritization of public transport system.

Several other methods were used. The Structural Equation
Model (SEM) and SPSS were used by Atombo and Wemegah
[32] to check reliability, and a spider chart or radar map of
indicators was used to check the efficiency of PT [23].
Additionally, the Random Sampling Method was used in
choosing commuters [32]. Experts' Judgments were used by
Shiddiqi et al. [20] to get indicators for sustainable PT. Finally,
Cyril et al. [17]; Zope et al. [48] used benchmarks to determine
the LOS of PT.

2.3 Results and gap

According to the previous research findings, the majority of
existing research content focused on evaluating PT service or
passenger satisfaction separately, rather than combining the
two for a more holistic review. Previous research has not
examined the relationship between satisfaction and usage,
which is critical to enhancing the bus system's sustainability.
Furthermore, several methods are employed; the majority of
evaluation methods in the preceding studies utilised the
analytical hierarchy process and multi-criteria method, which
rely on the evaluation of users or experts. Therefore, the
sample must be reliable. This means that each assessment is
specific to a case study and cannot be generalized; therefore,
it confirms the goal of research in finding special evaluation
indicators for developing countries.

The geographical distribution and sequence of studies vary;
the selected publications cover distinct samples from various
countries worldwide, spanning Europe, Asia, and the
Americas. The scope of case studies varied as well, with the
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majority being national, followed by regional, and
metropolitan. Furthermore, the vast majority of publications
focused on developed countries, with some on transitional
countries.  Although some research focused on
underdeveloped countries, they also considered global
indicators. Moreover, some researchers have used one, two, or
all three types of sustainability aspects in their research, the
majority focused on social aspects, followed by economic and
environmental aspects.

As a result, this paper introduces an evaluation checklist for
the PT system, focusing on the quality of service and stations.
Combinatorial weighing employs the analytical hierarchy
process AHP based on the selection principle of assessment
indicators. This study builds an evaluation index system to
understand how passengers in developing countries perceive
and expect service quality characteristics that impact their
satisfaction and use of bus services.

3. METHODOLOGY
3.1 Data collection methodology

In this research, the selected indicators will be merged from
two resources, which are directly related to the research
objective, as presented in Figure 1. These can be seen in the
following:

e A systematic literature review was conducted to obtain
sustainable PT indicators from 37 related papers (2019-
2024) suitable for developing countries. Three database
sources were used with different keywords: Web of
Science  ((Sustainable) = AND  (Public) = AND
(Transportation) AND (index) OR (Indicators)); Scopus
((Sustainable) AND (Public) AND (Transportation) AND
(index) OR (Indicators)), and Science Direct (Title,
abstract or author-specified keywords: ("sustainable")
AND (Public) AND ("transportation" OR "Transport")
AND ("index" OR "Indicator")). The screening criteria
were: articles, open access, engineering, and English.
Finally, the Quality Assessment Tool with Roses Protocol
was used to select the most appropriate papers, as shown
in Figure 2. Eighty-six (86) indicators were used to
evaluate PT services and stations, as summarized in Table
1.

Table 1. Number and type of indicators used in the
systematic literature review

Types of Reviewed Papers
Methodology No. of References

Types of Indicators
Item No. of Indicators

Qualitative 1 Bus Station 21
Quantitative 11 Bus Service 46
Mixed Method 25 City Profile 19
Total 37 Total 86

e “Study of intercity public transportation services and
coverage in the West Bank”, a thesis by Olaian [4],
evaluated the bus service in the West Bank of Palestine
by focusing on bus terminals and LOS. These include
coverage, reliability, and efficiency. The required data
were collected through field surveys, statistical data,
interviews with service providers, and a questionnaire for
passenger satisfaction. Table 2 presents the types and
number of indicators used.
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Table 2. Number and type of indicators used in the master thesis [4]

Types of Indicators

Types of LOS Indicators

Item No. of Indicators No. of Sub-Indicators Item No. of Indicators
Bus terminl 5 22 Coverage 6
Route segment 6 2 Reliability 6
Level of service (LOS) 3 17 Performance 5
Total 14 41 Total 17
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3.2 Indicators improvement process

After receiving a comprehensive overall review of the
resulting indicators, the indicators were further refined. A total
of 141 indicators were gathered from previous studies. The
grouping step was done by:

e Removing duplicated indicators.

e Combining the authors using two or more criteria with

almost identical meanings in the same dimension.

e Grouping comparable criteria within a broad category
into indicators for the bus station, indicators for
evaluating the service, and then proposing three stages of
dividing indicators according to previous studies,
including criteria, indicators, and sub-criteria.

e Redistribution of indicators according to their
classification.

3.2.1 Results of indicators found in the literature

Following the preceding method, three types of indicators
were identified and classified into sections:
(1) City profile evaluation indicators

The city's profile, presented in Table 3, is essential for
assessing bus services, as it provides a comprehensive
understanding of the specific requirements and characteristics
of the metropolitan area [20]. Population density, for example,
is important because densely populated cities necessitate more

regular and widespread bus service to efficiently convey huge
numbers of people [10]. The geographical layout of the city,
including the distribution of residential, commercial, and
industrial zones, aids in the construction of efficient bus routes
that connect vital locations while reducing travel time [32, 44].

Economic considerations in the city, such as average
income levels and employment rates, are significant since they
affect the affordability and necessity of public transit for
inhabitants [6]. The quality of infrastructure, particularly road
conditions and bus stop conditions, has a direct impact on the
reliability and efficiency of bus service [49]. Environmental
factors, such as air quality and the availability of green spaces,
are also important [38, 50]. Efficient bus services can help to
minimize pollution and promote sustainability by reducing the
number of private vehicles on the roads [51]. Understanding
the city's profile allows planners to design bus services to
match the population's individual needs, assure economic
viability, and promote environmental goals, resulting in a
more effective and sustainable PT system [31].
(2) Bus station evaluation indicators

As shown in Table 4, two criteria of infrastructure and
facilities were fixed; 6 indicators and 31 sub-indicators were
used.
(3) Bus service evaluation indicators

As shown in Table 5, two criteria of LOS and sustainability
were fixed; 7 indicators and 37 sub-indicators were used.

Table 3. Evaluation indicators found in the literature for city profile

Indicators

References

Environmental Indicators (air quality, green space availability)
Economic Factors (average income levels, employment rates)

Infrastructure (road conditions, bus stop facilities, number of vehicles, length of main roads, annual fleet vehicle
increase, road accidents rate (per 100,000 population), annual road accidents increase, casualty accidents increase,

[4, 14, 15, 20, 25, 39,

cars (per 100 household), motorcycle (per 100 household), public buses (total number), bicycles (per 100 household), 47,48, 52-53]
sidewalks, regular monitoring and evaluation for pt systems (y/n))
Demographic Factors (population density, age distribution)
Table 4. Bus station evaluation indicators
Criteria Indicator Sub-Indicators References
= Ticket sales and e Number of ticket counters
distribution points e Easy accessibility of ticket purchase (flexible, integrated, open,
. [15,31,37,39]
(2 Sub-Indicators) modern)
o PT stops/terminals with passenger information
. . e PT vehicles with on-board
= Level of intelligent
system and technology * Map o.f the PT network
(6 Sub-Indicators)  ® Real-time dlsplay. [4, 13,53, 56]
¢ Sensor technologies
e Security cameras
Infrastructure ¢ Station and bus routes are easily accessible
(7 Indicators, 32 = Accessibility e Access to residential and business
Sub-Indicators) (4 Sub-Indicators) e Presence of ramps, elevators [4, 10,27, 31, 53]

Entrance and Exit
On-street parking

= Station design and
layout
(8 Sub-Indicators)

Location

Route Km/km?

Emergency accessibility

Traffic control devices

Proximity to adjacent junctions
Pedestrian crossing

[4, 15, 18, 39, 53]

Adequate space for waiting areas, ticketing, and boarding




= Spatial coverage

Bus Km/day/capacity

Ratio of population to the route

Availability of buses in all cities

Intermodal connectivity: Number of locations where users can

(7 Indicators, 34

Headway adherence

(7 Sub-Indicators) change from one t.ransponatlon mode to another [4, 20, 30]
¢ Bus stop distribution
e Congestion
Operation e Information and communication
= Temporal coverage : s;h.et.dulet.demgn tine h
(3 Sub-Indicators) arng ime, operating hours [4,23, 44]
e Service frequency
= Ticket sales e Bus card preferential policies
p p
(2 Sub-Indicators) ¢ Digital and contactless payment options
= Adaptation to special e Disabled facilities are available
needs e Children's facilities [4,24]
(3 Sub-Indicators) e Senior facilities ’
o First aid is available at the station
= Safe and secure . .
services o Safety measures against crime
(4 Sub-Indicators) * Adequate lighting (13,25, 47]
e Emergency response systems
Facilities . ieﬁ'rloobr'?'st d comfort of seating f
(4 Indicators, 18 vailability and comfort of seating for passengers
Sub-Indicators) s Wi-Fi . iy
. . o Shelter for protection from weather conditions
p
= Public services . .
(9 Sub-Indicators) ~ ° “TMs and banking services [4,17, 54, 57]
e Emergency response services
e Temperature and humidity in the station
e Public announcements
e Bathrooms
= (leanliness and .
. e Clean and spacious
maintenance . . . [4,22,49]
(2 Sub-Indicators) e Maintenance of facilities and infrastructure
Table 5. Bus service evaluation indicators
Criteria Indicator Sub-Indicators References
e Climate control
= Comfort and e Average age of public transit vehicles
amenities e Buses and seats are clean and spacious
. 4, 18,31, 37,39, 50
(5 Sub-Indicators) e Buses are uncrowded [ ]
e Level of comfort
e Average travel time
e Punctuality rate of public transport (%)
o Customer feedback systems
= Reliability o Reliability during peak hours
(8 Sub-Indicators) e Reliability for departure and arrival time [4,22,31, 49, 55]
LOS e Gender requirements
[ ]
[ ]

Sub-Indicators)

= Connectivity and
integration
(3 Sub-Indicators)

= Capacity and
efficiency
(5 Sub-Indicators)

Reliability of ticketing systems

o Ease of transfer
e Parking facilities
e Distance travelled to a bus stop

Adequate number of buses

Percentage of fleet

Average waiting time

Service span

Average dwell time (Boarding or de-boarding, Merging with
traffic)

[17, 19, 47]

[13,47, 48, 54]
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= Performance

(7 Sub-Indicators) Bus fare

On-time performance
Service area population
Service utilization

Average operating speed of buses in peak hours (km/h)
Public transit peak load rate (%)
Number of public transit vehicles per 10,000 people

[10, 14,22, 23]

e Value of bus fare to time and distance

= Ticketing and
payment systems

= Safety and security

o Values of luggage charges and handling
(3 Sub-Indicators) o Ticket distribution categories

[6,9, 23, 44, 52]

o Public transit liability accident rate (times/million km)
o First aid is available on the bus

3 Sub-Indicat: 9,13,25,31
(3 Sub-Indicators) o Safety measures against crime and theft [ ]
= Energy efficiency e Energy-efficient lighting
(2 Sub-Indicators) e Installation of alternative fuel [27, 30, 51]
e Green walls or indoor plants
= Air quality e Monitoring of emissions from buses
Sustainability (4 Sub-Indicators) o Health and well-being with natural lighting [49, 58]
indicators e Green spaces
(4 Indicators, 11 . 0 tional
Sub-Indicators) perationa o Efficient scheduling to reduce downtime and fuel consumption
cfficiency o Use of digital technologies for booki [18,23,27]
(2 Sub-Indicators) se of digital technologies for booking ,23,
= Sustainable transport e Availability of electric vehicle charging stations
integration e Pedestrian pathways [38,47]

(3 Sub-Indicators) e Promotion of digital tickets to reduce paper usage and waste

3.3 Methodology to weigh indicators for developing
countries

The following methodology, which is summarized in Figure
1, was developed to find a scientific approach to rank
evaluation indicators of PT systems in developing countries.
The main steps are:

e Use purposive sampling to pick respondents based on
their expertise and knowledge. Delphi methodology
summarized that the size of the sample required is
determined by the quality of the sample rather than
quantity, to ensure that the group accurately represents the
necessary skills and opinions [59]. For instance, Oztiirk
[60] assessed the weights of indicators and sub-indicators
for sustainable urban transportation performance by
consulting the expertise of five professionals, including
two civil engineers, two urban and regional planners, and
one industrial engineer. Furthermore, Seker and Aydin
[61] conducted an AHP analysis to evaluate sustainable
PT systems based on 20 expert judgments on criteria and
sub-criteria from the Departments of Architecture, Urban
and Regional Planning, Mechanical Engineering, and
Environmental Engineering.

e Establish the experts' committee from experts, including
government agencies, transportation experts, NGOs,
community organizations, and citizens [6, 9, 47, 58, 62].
The AHP approach does not require a large sample size
because it may include "cold-called" respondents who
have a strong tendency to provide random responses,
resulting in a significant level of inconsistency [63].
Furthermore, when working on a specific subject, AHP
can be applied with a limited group of specialists, needing
only the most relevant professionals to provide their
perceptive interpretation of an empirical study [47, 58, 62,
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64].

Create an AHP questionnaire that will elicit answers and
weigh the chosen indicators by applying the pairwise
comparison technique. Each criterion was assigned a
weight based on its relative importance in developing
nations, using  quantitative  expert  judgment
methodologies.

Evaluation of indicators by asking experts to compare the
importance of the assessment indicators of the situation in
developing countries.

Rank and weigh the checklist of indicators.

3.3.1 Analytic Hierarchy Process (AHP)

AHP is a human being's innate choice mechanism when
confronted with a decision-making challenge [61]. AHP,
based on expert evaluations, identifies the collection of criteria
that will affect the complicated and multi-purpose judgments
made in real life, as well as the relative relevance of these
factors [64].

The process of AHP analysis contains [63, 65, 66]:

1

2.

~N N L A

o]

. Break down the decision-making problem into a

hierarchy.
Prioritize elements in the hierarchy by comparing them
pairwise.

. Synthesis judgments are used to determine the overall or

weighted set of criteria for achieving a goal.

. Check the consistency of judgments.

. Create a pairwise comparison matrix for each criterion.

. Normalize the final matrix.

. Calculate the average of each row's values to determine

the rating.

. Determine and verify the consistency ratio.
. Calculate the weighted average rating for each decision

alternative.



10.  Select the one with the highest score.
3.3.2 Hierarchy structure

e Hierarchy Structure-break down the decision-making
problem into a hierarchy of criteria and alternatives
[64].

e Level 1 is the analysis aims, Level 2 is multi-criteria,
which includes numerous criteria; you can even add
additional layers of sub-criteria, and the final level is the
alternate choices [63].

Table 6. Linguistic scale and the corresponding numeric
value

Scale for Comparison [66]

Definition AHP Scale Definition AHP
Scale
Equal importance 1 2
Somewhat more
. 3 4
important
Much more important 5 Intermediate 6
Very much more 7 values
important 3
Absolutely more 9
important

3.3.3 Establishing the comparative relevance of criteria

The expert's feedback is collected to determine the relative
value of each decision-making criterion. The critical score
contributions from each expert are gathered via an interview
or an online questionnaire. The pairwise comparison approach,
a suitable method for comparing elements, is employed in this
study to evaluate each aspect and criterion. The classical AHP
has a 1-9 scale for paired comparisons, as shown in Table 6.
This scale converts evaluators' language preferences to
numerical scales.

3.3.4 Development of the evaluation matrix and building a
decision hierarchy
A decision hierarchy must be established for each multi-
criteria decision-making situation. This hierarchy prioritizes
factors based on decision-making goals. Complex situations
often require a multi-level hierarchy with sub-objectives and
sub-criteria. Stakeholders evaluate each criterion in the
evaluation matrix. The assessment matrix includes
stakeholders, objectives, and criteria; each with a value
ranging from 0 to 1 (normalized weight matrix). Eq. (1)
defines a pairwise comparison.
a;j =&,where ,j=1,2,3....n (1)
Wi
where, n = number of criteria compared, w; = weights for
criterion #, and a; = weight ratio of criteria 7 and j. The matrix
in Eq. (2) displays the weight (w) ratio between n objects,
including alternatives, objectives, criteria, and sub-criteria [3].

wi/wy wi/w, wy/wy,
A=|wy/wy wy/w, wy /Wy, 2
Wn/Wl WZ /Wn Wn/Wn

A normalized matrix is carried out by applying Eq. (3), in
which each column (7) and row (j) in the matrix is divided by
the largest value in column (7).
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—_ %
Max a;j’

a;j Vi j 3)

The evaluation matrix A must have rank 1 for all consistent
pairwise comparison conditions, and the biggest eigenvector
(Amax) must equal the number of criteria (/). Every subsystem
in the hierarchy follows the aforementioned approach. Priority
vectors must be weighted based on global priority, starting at
the top of the hierarchy. The options are ranked based on their
contribution to the problem statement as perceived by
stakeholders [64].

3.3.5 Checking consistency

A consistency check is carried out to achieve a faultless
decision. The consistency check is carried out once the
eigenvalue and maximum eigenvalue have been calculated.
When PCMs are consistent, the primary eigenvalue (Anax) is
used to determine the priority matrix. For matrix entries, A: a;;.
ajx = ai defines consistency. Eq. (4) reveals the Consistency
Index (CI).

_ Amax — 1

CI 4

n—1

4. RESULTS
Fifteen experts, selected using purposive sampling from
different regions and specialists, assessed the indicators. Table

7 presents the profile of the experts.

Table 7. Experts' profile

Specialty No. Job Position  No.

Road and Transportation Engineering 8 Government 4

Urban and Transportation Planning 2 Academic 8

. Private Sector

Transportation Management 1 and NGOs 3

Traffic Safety | Experience
Years
Applied Mechanics-Civil Engineering 1 Less than 10 !
Sustainable Development 1 10-20 5

Travel Behaviour 1 More than 20 9

The results of the evaluations by 15 experts for weighing
the indicators are presented in Tables 8 and 9. The final score
for each indicator was calculated by averaging the responses
and was weighted according to the determined weight scores
of each criterion. Figures 3 and 4 illustrate the variables, their
weights, and their order due to their importance.

Through AHP analysis, the inconsistency was calculated to
first determine the highest eigenvalue of the matrix Amax. The
consistency ratio (CR) should be < 0.1 for the matrices to be
accepted. In this study, most experts’ judgments had a CR
below 0.01 (average CR of 0.0045), and the average CI was
0.009, which is acceptable.

As shown in Tables 8 and 9, the weights of the bus station
evaluation criteria were close. Infrastructure received the
highest rating, which was related to the accessibility, followed
by the level of intelligent system and technology, while in
operation, the results were close to temporal coverage and
ticket sales. In facilities, the most important elements were
safe and secure services. Furthermore, related to the bus
station service, the LOS had a significant impact on reliability,
connectivity, integration, and capacity and efficiency, while



emissions and sustainable transport integration had significant indicators.
weights in sustainability. Figures 3 and 4 present the rank of

Table 8. Bus station evaluation indicators and the related weights extracted from the experts' choice

Rank Criteria Indicator Weight (W) Rank Inconsistency
Ticket Sales and Distribution Points 0.192 3
1 Infrastructure Level of Intelligent System and Technology 0.206 2 0.00066
W=0.350 Accessibility 0.420 1 ’
Station Design and Layout 0.182 4
Operation Spatial Coverage 0.317 3
2 W=0.333 Temporal Coverage 0.358 1 0.00909
i Ticket Sales 0.325 2
Adaptation to Special Needs 0.219 3
3 Facilities Safe and Secure Services 0.314 1 001
W=0.317 Public Services 0.251 2 ’
Cleanliness and Maintenance 0.217 4

Inconsistency=0.00909

Table 9. Bus station service evaluation indicators and the related weights extracted from the experts' choice

Rank Criteria Indicator Weight (W) Rank Inconsistency
Comfort and Amenities 0.116 6
Reliability 0.174 1
. Connectivity and Integration 0.155 2
1 Level ovas_e(l)‘vslgg (LOS) Capacity and Efficiency 0.136 3 0.02

e Service Performance 0.130 4
Ticketing and Payment System 0.127 5
Safety and Security 0.163 5
Energy Efficiency 0.211 4
Sustainability Emissions 0.283 1

2 W=0.463 Operational Efficiency 0.244 3 0.00608
Sustainable Transport Integration 0.262 2

Inconsistency=0.00001

Indicator
Accessibility
Adaptation to Special Needs
Cleanliness and Maintenance
Level of Intelligent System and Technology
Public Services
Safe and Secure Services
Spatial Coverage
Station Design and Layout
Temporal Coverage
Ticket Sales
Ticket Sales and Distribution Points
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Figure 3. Bus station evaluation indicators and weights
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Figure 4. Bus station service evaluation indicators and weights

5. ANALYSIS AND DISCUSSION

In this research, indicators pertaining to evaluating the
service and stations of PT systems within the context of
developing nations were evaluated by specialists, who
assigned rankings according to their projected importance
through the application of AHP methodology. In light of the
lack of prior research concerning the sustainability of PT in
developing countries, this investigation holds the potential to
facilitate more comprehensive subsequent inquiries into the
subject matter.

5.1 Bus station evaluation indicators

When evaluating public transit services, it is essential to
emphasize specific benchmarks to guarantee both
sustainability and operational efficacy. Within these
benchmarks, infrastructure, operational management, and
amenities emerge as critical components that significantly
influence the overall efficacy and sustainability of the
transportation framework. Infrastructure as a criterion got the
maximum rank, then operation, and finally facilities. The
infrastructure constitutes the fundamental framework of any
PT system. Since infrastructure establishes the underpinning
upon which the entire system operates, its caliber and
expansiveness are of utmost importance. A resilient
infrastructure guarantees accessibility, level of intelligent
system and technology, ticket sale and distribution points, and
station design and layout (sequentially according to their
resulting importance in the evaluation), directly affecting the
system's ability to meet present and future demands. This
criterion received the highest evaluation since, in the absence
of a meticulously planned and well-maintained infrastructure,
other facets of the system cannot operate at peak efficiency,
resulting in inefficiencies and a deficiency in sustainability.

The operation encompasses the quotidian administration
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and functionality of the transportation network. It entails
temporal coverage, ticket sale, and spatial coverage
(sequentially in importance). While infrastructure serves as the
underpinning, proficient operations sustain the system's
efficacy, ensuring that it fulfills users' requirements in a
dependable and prompt manner. Nevertheless, operation is
subordinate to infrastructure in the hierarchy of significance,
as even the most exemplary operational methodologies are
incapable of offsetting deficiencies in infrastructure. Facilities
denote the amenities afforded to passengers, safe and secure
service, public services, adaptation to special needs, and
finally cleanliness and maintenance. These components
significantly enhance the user's experience, rendering PT more
comfortable and convenient. Although facilities play a crucial
role in attracting and retaining users, they are perceived as less
pivotal than infrastructure and operations in the context of
sustainability. Facilities contribute value; however, their
efficacy is ultimately contingent upon the quality and
reliability of the underlying infrastructure and operations.

0 005 01 015 0.2 025 03 035 04 045
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Figure 5. Bus station evaluation indicators

Figure 5 presents the indicators and their orders in the three
criteria. Given the need for evaluation indicators suited to the



conditions of developing countries, the key priorities for
assessing bus station services are represented by the indicators
shown in the figures, which have been weighted based on
expert judgment. The highest-weighted indicators—such as
accessibility, safety and security, temporal and spatial
coverage, and accommodation of special needs—highlight
their critical importance in evaluating bus station services.
These metrics are even more crucial in the context of a
developing country, a nation facing specific challenges such
as limited mobility due to military checkpoints, complex
topography, and inadequate infrastructure investment.
Reaching rural and underprivileged groups requires
accessibility and spatial coverage, while political unrest raises
serious safety concerns. Additionally, it is imperative that
transportation services be modified to accommodate the
requirements of individuals with disabilities, many of whom
are impacted by conflict. To make the most use of limited
resources, operational effectiveness and service integration
must be prioritized. As a result, the targeted indicators support
equitable and sustainable transportation development by
closely matching the unique circumstances in Palestine and
other developing countries.

5.2 Bus station service evaluation indicators

Two criteria were used for evaluation; the most important
one, in the experts' opinions, was the LOS, followed by
sustainability. The LOS considerably influences sustainability
by shaping users' behaviours. A reliable, safe, and efficient
service may lead to a shift from personal vehicle reliance to
using PT, consequently helping to cut down on emissions and
relieve congestion. Nonetheless, the impact on sustainability
is predominantly driven by user engagement, contingent upon
the extent to which the system addresses the requirements of
its passengers.

Sustainability criteria specifically address the transportation
system's environmental and long-range operational
dimensions. Curtailing emissions, advancing integration, and
refining operational efficiency exert a straightforward and
measurable influence on the system's sustainability. These
benchmarks ensure that the transit network is effective in
today's context while remaining feasible for future
populations.

Related to the LOS, the concept of reliability is paramount
in guaranteeing that PT systems fulfil their users' anticipations.
A service that is both consistent and punctual cultivates a sense
of trust amongst patrons, thereby incentivizing them to prefer
public transit over personal vehicles. Safety constitutes an
indispensable facet of PT. It encompasses the physical security
of passengers, operators, and pedestrians and the integrity of
the transit environment. Optimal connectivity guarantees that
passengers can conveniently access their intended
destinations, enhancing the system's user-friendliness and
effectiveness. PT efficiency is defined by route enhancements,
reduced travel times, and the best possible use of resources. A
highly efficient system can accommodate a more efficient
number of passengers with a diminished allocation of
resources, ultimately resulting in cost reductions and an
enhancement in the quality of service provided.

The mitigation of emissions constitutes a fundamental
component of sustainability. PT networks that effectively
lessen their ecological footprint facilitate the attainment of
cleaner air, diminished greenhouse gas emissions, and
enhanced public health outcomes. Integration pertains to the
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degree of cohesiveness among various transportation
modalities (e.g., buses, trains, bicycles) in delivering a fluid
travel experience. Robust integration bolsters sustainability by
streamlining the process for passengers to utilize PT
throughout their entire journey, thereby decreasing reliance on
private vehicles. Operational efficiency within the paradigm
of sustainability underscores the enhancement of energy
utilization, the minimization of waste, and the judicious
management of resources. An operation characterized by
sustainable efficiency curtails expenditures and lessens the
environmental impact associated with the transportation
system.
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Ticketing and Payment System
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Operational Efficiency
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Figure 6. Bus station service evaluation indicators

The weighted indicators for assessing bus station services
are presented in Figure 6, highlighting the elements that
experts consider most important in the context of developing
nations. The indicators with the highest weights (reliability,
safety and security, connectivity and integration, and
operational efficiency) highlight the significance of these
factors in guaranteeing efficient and sustainable PT. In
developing countries, where service outages, fragmented
networks, and political instability are ongoing concerns, these
metrics are especially pertinent. While connectivity and
operational efficiency are critical for overcoming regional
fragmentation and limited resources, high reliability and safety
are critical for establishing user trust in an environment of
insecurity. The necessity of long-term, resource-conscious
planning is further reflected in the focus on sustainable
transportation, emissions, and energy efficiency. In
developing areas, these weighted priorities provide a
customized framework for enhancing transportation services
under extraordinary restrictions.

5.3 Comparison between developed and developing
countries

The indicators of sustainable PT in developed and
developing nations exhibit considerable divergence in terms of
infrastructure and policy implementation. Developed nations
typically possess more sophisticated infrastructure and robust
policy frameworks, whereas developing nations encounter
distinct challenges that necessitate customized strategies.
Developed countries wusually have  well-established
infrastructure that supports sustainable PT. The infrastructure
in developed countries often includes advanced technologies
and systems that facilitate efficient and sustainable transport.
In contrast, developing countries often struggle with
inadequate infrastructure. Public buses, a common mode of



transport, are frequently powered by non-renewable energy
sources like diesel, contributing to environmental degradation
[20]. The infrastructure in these regions may not support the
integration of new technologies, which are essential for
achieving sustainability.

Policies in developed countries are generally more
comprehensive and are supported by robust governance
frameworks [4]. In contrast, policy implementation in
developing countries faces challenges such as institutional
barriers and a lack of cross-sectoral coordination [20].
Developing countries need to adapt global sustainability
indicators to their specific contexts to address these challenges
effectively. Indicators in developed countries are often more
refined and include technical aspects such as traffic flow and
speed, which are supported by existing infrastructur [4].
Whereas, in developing countries, indicators such as safety,
transport quality, and accessibility are more relevant due to the
existing infrastructural and institutional challenges [20].

While developed countries benefit from advanced
infrastructure and comprehensive policies, developing
countries must navigate significant challenges in both areas.
The focus in developing regions is often on adapting global
indicators to local contexts and overcoming institutional
barriers to implement sustainable PT effectively.
Sustainability indicators are constant globally but vary
according to the development of countries and their needs, and
all standards must be aligned with existing challenges.

The gap in infrastructure and policy between developed and
developing countries has a direct impact on the usefulness and
efficacy of evaluation indicators. In developing nations, poor
infrastructure often hinders the implementation of indicators
related to technology integration or real-time data collection,
making basic indicators such as accessibility, safety, and
reliability even more crucial. Without robust systems in place,
the emphasis switches to fundamental service quality
improvements  rather than advanced performance
optimization.

For example, in places such as Palestine, Yemen, and
Nepal, measures including spatial coverage, operational
efficiency, and safety have identified critical areas for
intervention. While efforts to increase dependability and
connection continue, obstacles such as budget deficits,
institutional fragmentation, and informal transportation
operations impede implementation. Nonetheless, these
markers are valuable tools to guide phased improvements and
policy alignment.

6. CONCLUSION AND RECOMMENDATIONS

For evaluating a bus station, all three criteria—
infrastructure, operations, and facilities—are essential to
achieving a sustainable public transport (PT) framework.
However, infrastructure stands out as the most critical for
long-term sustainability, as it shapes the lasting effectiveness
and expansion potential of the network. Operations play a
daily role in maintaining system function, while facilities
enhance user satisfaction and encourage public transport use,
though their impact is more supportive than foundational.

In evaluating PT service, both levels of service and
sustainability are closely linked and equally important. High-
quality service attracts users, while sustainability ensures
resource efficiency and environmental responsibility. Key
elements such as reliability, safety, connectivity, and emission
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reduction must be considered together. A thorough assessment
of these factors supports the creation of a PT system that meets
current needs and remains resilient for future demands.

As an overall conclusion, the weighted indicators highlight
the fundamental criteria for assessing bus station services in
developing nations. High ratings for efficiency, safety,
accessibility, and dependability underscore the need for
urgently inclusive, safe, and resource-conscious transportation
systems. These metrics address issues such as limited
mobility, disjointed infrastructure, and social vulnerability.
When combined, they create a customized framework for the
creation of sustainable and equitable PT in extraordinary
circumstances.

This study is limited by its geographical emphasis and
reliance on experts' assessment, which may not accurately
reflect the diverse situations encountered in all developing
nations. To increase impact, governments should prioritize
infrastructure investment, cross-sector collaboration, and
better data systems. The proposed indicators are a useful tool
for leading improvements in accessibility, safety, and
operational efficiency. Future studies should investigate
flexible indicator frameworks and conduct comparative
analyses across various modes of transportation and
geographies to support broader application and long-term
sustainability. Additionally, a comparative analysis of
sustainability indicators across PT modes in developing
countries is warranted.
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