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1. Introduction 
 

1.1  Transportation and MCDM Science  

 

Effective transportation systems are fundamental for an economy to compete on the global 

stage. Through the use of state-of-the-art methodologies, mathematical models, and novel 

applications in the planning, design, construction, operation of transport modes and facilities, 

countries can positively affect their Gross Domestic Product (GDP), by providing cost-

effective logistics for both fright and passengers (Christodoulou & Christidis, 2021; Soler, 

Christidis, & Vassallo, 2021) For example, regional and international transit systems play a 

leading role in increasing domestic, inbound, and outbound tourism, which is a primary 

source of income to many countries. 

 

Scholars have addressed the transportation issues from different angles of view and fields. For 

example, some have worked on transportation planning, geometric design (McCartt, 

Northrup, & Retting, 2004), traffic calming & opperations (Alzoubaidi, Molan, & Ksaibati, 

2021), cost-effectiveness (Dodson, 1969), and public transportation (C. Sun, Chen, Zhang, & 

Huang, 2018) to improve the level of service, raise users satisfaction, reduce road losses and 

reduce implications on the environment. 

 

The complex transit grids allow people to perform their social and economic activities in 

modern cities and expedite urbanization by providing high accessibility, reliability, and 

sustainability. Therefore, enhancing transportation accessibility is considered as one of the 

core elements of well-managed transportation systems since it ensures a high-quality urban 

life. This can be achieved by providing a rapid transit system in each district. Also, building a 

reliable public transport infrastructure will attract people to public transit by providing fast 

and congestion-free networks (Kuang, Yen, Suprun, & Sahin, 2019). Thus, upgrading the 

transit system to ensure rapid and frequent service should be central for governments, which 

can be achieved via multiple techniques, such as exclusive bus lanes and bus priority signals.  

 

On the other hand, poorly planned transit systems can generate adverse economic and social 

effects. For example, increased car ownership rates will increase congestion, car accident 

rates, and CO2 emissions (International Energy Agency., 2011). Besides that, anxiety and 

stress will be higher among citizens (Kassaw & Pandey, 2021). This requires efficiently 

planned systems that address these many demanding dimensions by following the best 

scientifically-based practices. 

 

Accordingly, cities need to improve the transportation system planning by selecting the most 

appropriate transport mode (i.e., light train, subways, buses, BRT system, etc.), which may 

vary across routes and districts (Tirachini, Hensher, & Jara-Díaz, 2010). However, this is not 

a straightforward process since it requires balancing different transportation systems such as 

cost, quality, and safety. In addition, while transport decision-making entails choosing among 

two or more courses of action, the correct decision might not be available through the 
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available choices. The available alternatives may not contain the better option, and the 

accurate information may not be available at the time. Furthermore, multiple often conflicting 

criteria should be balanced as objectively as possible. The branch of operations research that 

deals with finding optimal solutions for such complex scenarios is Multiple Criteria Decision-

Making (MCDM), which includes a set of critical decision-making techniques widely used to 

evaluate transportation systems by governments, businesses, and academics. 

 

Transportation planning and decision-making is a complex undertaking since decisions 

influence various actors with competing interests, such as users of transportation systems, 

residents, transportation operators, and all stakeholders in general. The necessity of including 

stakeholders and individuals in the decision-making process, increasing the quality and equity 

of decisions taken, and limiting complaints later is now widely recognized.For example, 

changes in the United States (U.S.) passenger rail strategies have affected several National 

Railroad Passenger Corporation (Amtrak) corridors. One of the significant changes is that, 

since the Passenger Rail Investment and Improvement Act (PRIIA) of 2008 was passed, all 

short-distance Amtrak corridors should become state-supported. In addition, the U.S. 

Department of Transportation strongly advocates stakeholder and public involvement as a 

fundamental component of the transportation planning process and an important step to keep 

the public informed and engaged in decision making (Pyrialakou, Gkritza, & Liu, 2019). 

Engaging multiple stakeholders in public transportation planning to reduce potential 

impediments of transportation projects by ensuring no strong objections from stakeholders 

early on (Page, Stone, Bryson, & Crosby, 2015). This includes governmental officials and 

operators of the public transport system and passengers who are directly impacted by 

transport projects. For example, low demand on specific routes can render transportation 

services useless even if the population is high in a given area. This means that passengers' 

preferences should be taken into account in the planning process. While some governments 

have been including passengers in public transportation project decisions in recent years, 

unfortunately, this is not the case in developing countries, where the passenger demand-side 

of transportation planning is frequently overlooked. Without this consideration, the 

improvement cannot be regarded long-term or sustainable, and corrective actions are almost 

certainly required at some point. 

 

MCDM provides effective decision-making methods in domains selecting the best alternative 

in a highly complex environment. This includes the Analytic Hierarchy Process (AHP) 

(Saaty, 1977), the Analytic Network Process (ANP) (Saaty, 1984), the Multi-Attribute Utility 

Theory (MAUT) (Watson, 1982), Preference Ranking Organization Method for enrichment 

evaluation (PROMETHEE) (J. P. Brans & Mareschal, 1990), the Technique for Order of 

Preference by Similarity to ideal Solution (TOPSIS) (Hwang & Yoon, 1981), the Simple 

Multi-Attribute Rating Technique (SMART) (Olson, 1996), the Multi-Actor Multi-Criteria 

Analysis (MAMCA) (Macharis, Turcksin, & Lebeau, 2012) and various different 

combinations of them.  

Each of these methods has its advantages and limitations, so choosing the most appropriate 

Multi-criteria decision technique ultimately depends on the nature of the problem. For 
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example, Multi-Attribute Utility Theory (MAUT) takes uncertainty into account and can 

incorporate preferences, while the Analytic Hierarchy Process (AHP) is easy to use, scalable, 

can easily adjust to fit many sized problems, and is not data intensive. On the other hand, the 

Simple Multi-Attribute Rating Technique (SMART) is simple to use, allows for any weight 

assignment technique, and requires less effort by decision-makers. At the same time, 

ELECTRE (Roy, 1990) takes uncertainty and vagueness into account. 

 

 

1.2  Literature Review on Public Transport Development Decisions 

 

While transportation networks are vital for urban cities, they can affect people’s economic 

and social lives by generating various negative externalities (Hensher, 2019). Air pollution, 

noise pollution, parking difficulties, traffic jams, rising transportation costs, and high 

infrastructure maintenance costs are just a few of the serious risks and problems that plague 

large cities. This means that public transportation must be improved in metropolitan areas if 

local government representatives plan to attract non-users and encourage them to give up their 

private vehicles and begin using public transportation. İn fact, many large cities have adopted 

a strategy of encouraging a mode shift to public transit in their efforts to reduce congestion 

and air and noise pollution. For example, developing a city's public transportation system 

reduces congestion and pollution (air and noise) by reducing private cars to the point where 

citizens begin to rely on public transportation instead of personal vehicles (Bull, 2004). 

Furthermore, the number of car accidents is likely to fall (Soehodho, 2017). 

 

Travel demand analysis and forecasting are also significant issues in academia (Banister and 

Berechman 2000). As a result, this issue receives special attention in research, particularly in 

transportation planning (Rasouli and Timmermans 2012). Several scholars have used 

statistical and dynamical methods to improve public transportation quality and determine 

citizens' actual demand for development (De Oña, De Oña, Diez-Mesa, Eboli, & Mazzulla, 

2016).(Dodgson & Katsoulacos, 1988) found a composite index that combines the 

passengers', and service providers' points of view to be the most reliable way to measure 

transit performance in Seville, Spain, Beirão. (Beirão & Sarsfield Cabral, 2007) found the 

quality competition model and high-density fare levels to be the most appropriate to evaluate 

the public bus service quality in the UK. İn Indonesia, the P-TRANSQUAL was suggested by 

Yuda Bakti and Sumaedi (2015) to improve the quality of public transport services. 

 

(Too & Earl, 2010) developed a SERVQUL measurement approach for public transportation 

in Australia and found a significant gap between the citizens' actual demands and the existing 

system. (Jen, Tu, & Lu, 2011) conducted research based on the Switching Barrier Theory and 

a two-step Structural Equation Modelling (SEM) approach; the research results demonstrate 

that all causal relationships are statistically significant, and perceived value is the most critical 

predictor of passenger satisfaction and behavioral intention. (Barabino, Deiana, & Tilocca, 

2012) Evaluated the service quality in public transportation using an integrated SERVQUL 
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measurement approach based on bivariate correlation and EN 13816 and found a gap between 

discernment and anticipation of quality public transportation services.  

 

Based on passenger perceptions, (Abdullah, Jan, & Manaf, 2012) used the SERVPERF 

approach to measure airline service quality factors and found that reliability was the most 

significant factor influencing service quality. A discrete choice model was used by  (Román, 

Martín, & Espino, 2014) to evaluate “Gran Canaria's, Spain” public bus service quality, they 

demonstrated the significance of citizens' preferences in improving system quality.  

 

(Becker & Albers, 2016) demonstrated the unreliability of public transportation service quality 

results over time by using an empirical study to select users' perspectives on public 

transportation service quality. To analyze the service quality of public transportation in Dhaka, 

Bangladesh, (Islam et al., 2016) proposed a combination of Generalized Regression Neural 

Network (GRNN), Probabilistic Neural Network (PNN), and Pattern Recognition Neural 

Network (PRNN) approaches. According to the users, physical comfort, dependability, and 

time availability were the most important criteria in their study. 

(Chica-Olmo, Gachs-Sánchez, & Lizarraga, 2018) investigated public satisfaction and 

perceptions of public transportation quality in Granada. As a methodology, they used nonlinear 

principal component analysis (NLPCA) with the multilevel logit model (LMLM) accordingly 

the surveys demonstrates that, while customers in the Granada metropolitan area are satisfied 

with the service received (67.26 %), the level of satisfaction is not uniform across all bus lines, 

with the perceived quality of some lines being higher or lower than the national average. 

(Bencherif & Boubakour, 2019) conducted research on the service quality criteria of public bus 

transportation in Batna, Algeria, and the satisfaction level with the system, which was measured 

using a survey based on factor analysis. According to this study, satisfaction levels were 

average for transportation supply, accessibility, duration, customer attention, comfort, and 

safety; however, they were low for information and environmental impact. The current work 

has allowed us to highlight the effects of urban transportation disorganization on our services. 

 

(Duleba, Mishina, & Shimazaki, 2012) sought to investigate the most important factors 

influencing the quality of public bus transportation in Yurihonjo, Japan. They used the Analytic 

Hierarchy Process (AHP) approach to prioritize supply quality criteria, and three different main 

groups (users, government, and the transport operator company) participated in the 

questionnaire survey; as a result, approachability was the most critical issue for users and 

government, while it was the least important for the transport operator company. To evaluate 

the service quality of the Taiwanese airline industry, (I. S. Chen, 2016) used a novel 

combination of DEMATEL and ANP to select airline service quality improvement criteria for 

the Taiwanese airline industry. Similarly, a novel MCDM approach based on GAHP and 

PROMETHEE with Delphi was proposed to improve Tehran's public transportation and 

estimate users' satisfaction for decision-makers, the results illustrated the metro as the most 

critical mode, and the local government representatives have to pay attention to this issue 

(Nassereddine & Eskandari, 2017). 
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MCDM methods and fuzzy sets were combined in (Perçin, 2018) improve airline service 

quality in Turkey, which are more accurate and reliable to express evaluators' preferences. This 

study used the fuzzy DEMATEL method takeing into account the interactions between the 

evaluation criteria. Furthermore, it proposes a fuzzy ANP method for taking into account 

interdependence and calculating the relative importance of each criterion. Eventually, it 

introduces a fuzzy VIKOR method for evaluating and ranking the performance of Turkish 

airlines in terms of service quality. According to the findings of this study, customer satisfaction 

is the essential criterion to consider when evaluating an airline's service quality. Employees, 

dependability, management, and tangibles come next. (Güner, 2018) used a combined AHP and 

TOPSIS technique to estimate public bus service quality; the results showed that convenience 

and frequency were passengers' essential service quality criteria. (Duleba & Moslem, 2019) 

research describes the use of a novel AHP with a Pareto optimality approach to improving the 

quality of public transportation services. Evaluations are more accurate according to the model; 

judgments reflect the real intentions of the decision-maker. (Alkharabsheh, Moslem, & Duleba, 

2019) Conducted research In Amman, Jordan, using the conventional AHP to detect passengers' 

demand for improving public transportation supply quality. Adding the fare as a primary 

criterion to the hierarchy structure of public bus transportation supply quality showed that the 

fare was the third most important factor. The discrete choice model used multimodal public 

transportation networks as a target model to estimate route choice behavior to explain public 

transportation passengers' preferences and predict traffic flows. The results show the rates of 

substitution not only of in-vehicle times for different public transportation modes, but also of 

the other time components (e.g., access, walking, waiting, transfer) that make up the door-to-

door experience of using a multimodal public transportation network, differentiating by trip 

length and purpose, and accounting for traveler heterogeneity (Anderson, Nielsen, & Prato, 

2017). Furthermore, the quality criteria for public bus transportation have been evaluated using 

the random utility theory in conjunction with the discrete choice model (Baidoo & Nyarko, 

2015). This model identifies commuter attitudes toward the importance of bus service quality 

attributes on public transportation, providing an operationally appealing measure of current or 

potential service effectiveness. 
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2. New Methodological Concepts on Analyzing Public 

Transport Development Decisions 
 

 

2.1  Multi-Criteria Decision Making Concepts and Optimizations 

 

Constantly decisions are made in real life, and nearly all decisions and planning problems 

involve multiple conflicting attributes. Therefore, it is always challenging to represent a 

problem with only one criterion; even if it is successful, it will be insufficient to make an 

efficient decision. As a result, it appears that many accurate choices, in reality, are pretty 

complex. In general, such problems are known as multi-criteria decision-making (MCDM) 

problems. MCDM is composed primarily of two branches: multiple criteria optimization and 

multi-criteria decision analysis (MCDA). MCDA, on the other hand, is sensitive to various 

criteria issues that affect a limited number of alternatives. On the other hand, different criteria 

optimization is concerned with immediate problems represented by problem equations and used 

mathematically. 

 

Since the 1950s, numerous MCDM methodologies have been developed and tested. 

Nonetheless, multiple MCDM approaches have been developed in the brief time since their 

initial appearance. The researchers examined a variety of MCDM theories based on algorithms 

and linear programming to analyze complex problems. The most prevalent applications during 

that period were fuzzy applications and integrated data analysis. Thus, MCDM could support 

field methodologies for decision support in a variety of fields for several decades. Therefore, it 

is worthwhile to mention some of the MCDM approaches though our objective is not to analyze 

them. Accordingly, the following approaches were most frequently used: 

  

2.1.1 The Analytic Hierarchy Process (AHP) and The Analytic Network Process 

(ANP) 

 

In the 1970s, Thomas L. Saaty developed the AHP approach as a decision support tool, which 

has become one of the most popular MCDM methods and a hierarchical structure to analyze 

the process (Saaty, 1977). AHP played a critical role in resolving many real-world complex 

problems (Bhushan & Rai, 2007). AHP's mathematical simplicity and flexibility provide 

decision-makers with an efficient process for converting subjective judgments into objective 

measures. Besides AHP, Saaty developed the Analytic Network Process (ANP) to generalize 

the AHP to deal with the interdependence of attributes, interrelationships, and feedbacks 

among criteria and alternatives in complex problems more efficiently (Saaty & Vargas, 2006). 

As a result, ANP deals with the limitations that the hierarchy in AHP is not always as strict as 

it should be, and interrelationships between factors exist. Non-expert evaluators, on the other 

hand, have a difficult time filling out the ANP Supermatrix. However, when the decision 

structure is hierarchical, AHP is more effective mathematically. Furthermore, both 

applications were dominant in almost all real-world fields, such as construction, 
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transportation, mining, power, energy, agriculture, environment, manufacturing, healthcare, 

education, tourism, marketing, banking, finance, and several engineering fields. 

 

2.1.2 The Best-Worst Method (BWM) 

 

Best-Worst Method (BWM) is a multi-criteria decision-making (MCDM) method developed 

by (Rezaei, 2015). The technique is used to assess a collection of alternatives against a set of 

decision criteria. The BWM is based on a pairwise comparison of the decision criteria in a 

systematic manner. That is, after the decision-maker (DM) identifies the decision criteria, the 

DM selects two criteria: the most important criterion and the least important criterion. The 

criteria are compared to these criteira. In case of the comparasion of the altarnatives, the best 

and the worst are highlighted. 

 

2.1.3 Elimination and choice expressing reality (ELECTRE) 

 

ELECTRE is a French term that refers to the process of obliteration and choice in expressing 

reality. The primary advantage of the ELECTRE is that it provides a more objective view of 

alternatives by eliminating less desirable ones; however, it produces only a core of leading 

alternatives (Roy, 1990). The approach has been used in construction, transportation, 

management, finance, healthcare, environment protection.  

 

2.1.4 Preference ranking organization method for enrichment evaluation 

(PROMETHEE) 

 

PROMETHEE is one of the most straightforward approaches to apply and shares a common 

ancestor with ELECTRE; both methods are outranking. PROMETHEE is a large family 

compound that includes "PROMETHEE I,..., PROMETHEE VI". However, the software 

package is time-consuming to develop (J.-P. Brans & Vincke, 1985). Like other approaches, it 

also considers uncertainty and vagueness. Nevertheless, its simplicity made it a popular 

application for decades. 

 

2.1.5 The technique for order of preference by similarity to ideal solution (TOPSIS) 

 

This application is mathematically sound, and the extensive use of attribute data results in a 

cardinal ranking of options. Additionally, it has a straightforward process and is easily 

implemented in a variety of fields. However, the ranking reversal and correlations between 

criteria are the approach's primary drawbacks. Additionally, the uncertainty inherent in 

obtaining weights solely through objective or subjective methods is critical in this methodology 

(Yoon, 1987). 

 

 

 

https://en.wikipedia.org/wiki/Best_worst_method
https://en.wikipedia.org/wiki/Best_worst_method
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2.1.6 Analysis of Variance (ANOVA) 

 

It was introduced by Gelman (Gelman, 2005) to analyze the differences among means by 

collecting statistical models and their associated estimation procedures. An exploratory data 

analysis tool that began as a subset of multivariate linear regression. Used to derive statistical 

inference; allows for the grouping of criteria in a hierarchical MCDA model. Particularly useful 

when there is a large number and variety of opinions involved (e.g., when public surveys are 

involved). 

 

2.1.7 Decision-Making Trial and Evaluation Laboratory (DEMATEL) 

 

A structural modeling approach helps analyze the cause-and-effect relationships among system 

constituents. Introduced by (Gabus & Fontela, 1972)  also it is used to investigate the 

relationship between the criteria; direct-influence diagrams are used. Provides a hierarchy of 

interdependent criteria from which a digraph of causal relationships can be derived. 

Relationship matrices are filled with DMs' assessments of measurable influences. 

 

2.1.8  Measuring Attractiveness by a categorical Based Evaluation Technique 

(MACBETH) 

 

Introduced by (BANA E COSTA, DE CORTE, & VANSNICK, 2012) Used to generate 

numerical scores against weighted criteria, pairwise comparisons of linguistically defined 

qualitative performance evaluations were used. Produces an interval preference scale with 

seven possible outcomes. 

 

2.1.9 Simple Additive Weighting (SAW) 

 

Introduced by (Churchman & Ackoff, 1954), it is a simplified Multi-Attribute Value Theory 

(MAVT)/particular case Multi-Attribute Utility Theory(MAUT), where the additive value 

function is normalized on a 0-1 scale. Involves direct addition of the alternative performances 

multiplied by the criteria weights. 

 

 

2.1.10  Simple Multi-Attribute Rating Technique (SMART) 

 

Introduced by (Ranking & Arrays, 1976), MAVT simplified/particular case MAUT is an 

additive model that simplifies the utility/value function linearly. Assumes utility and preference 

independence; also implies independent criteria. Independent performances are graded on a 

single scale. 
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2.2  MCDM applications  

 

The MCDM methodologies were applied worldwide in a variety of sectors. (Gupta, 

Mehlawat, Aggarwal, & Charles, 2018; Ishizaka & Nemery, 2013; Stojčić, Zavadskas, 

Pamučar, Stević, & Mardani, 2019). 

 

The AHP is for making complex problems manageable by organizing our mental processes. If 

they are to be trusted by the layperson providing judgments, their assumptions and 

computations are straightforward. However, using it in practice calls for extra diligence and 

above-average groundwork to keep errors from cropping up and oversimplification at bay. 

More than a dozen books have been written on the subject, and numerous theoretical papers 

exist.  

 

One major shortcoming of the AHP approach is that it is challenging to have many groups 

involved in a problem and track how their opinions diverge with clear numerical values in the 

pairwise comparison matrices (de Brito, Evers, & Almoradie, 2018).  Occasionally, decision-

makers or different groups of decision-makers are unaware of the true nature of the criteria or 

have their preferences for evaluating the measures (Lehner et al., 2018). Additionally, not all 

groups or members will agree on a value for a particular criterion, and they will seldom agree 

on a whole set of decision-making weightings (Ghorbanzadeh, Feizizadeh, & Blaschke, 2018). 

The difficulties inherent in using AHP become magnified when faced with a multi-criteria 

problem that is entirely participatory. However, it is unclear whether AHP can implement 

situations where decision-makers are involved in multiple groups, addressing a different issue. 

In addition, even a minor change in the process of weighting criteria can alter the ranking. 

Numerous studies have addressed these issues by reducing the inherent uncertainty associated 

with the AHP method. 

 

Studies have combined the AHP and fuzzy logic. The fuzzy-AHP technique is based on various 

membership functions and is considered an effective and flexible technique in certain situations 

(Larimian, Zarabadi, & Sadeghi, 2013). (Arslan, 2009) presented a new decision support model 

based on the Fuzzy-AHP approach for implementing appropriate transportation projects. The 

research determined that this model is reasonable and can develop and plan general ideas about 

transportation projects. In public transportation, (Lupo, 2013) used the Fuzzy-AHP to develop 

a methodology based on extended SERVQUAL to analyze public transportation services 

performance. The research revealed that the perception of management of service quality 

positively affects all service performance levels. (Teng, Huang, & Lin, 2010) Has used Fuzzy 

- AHP to allocate budgets for transportation projects. The result demonstrated that the proposed 

pattern could partition transportation sector objectives and actual demand into distinct demand 

levels. (Bilişik, Erdoǧan, Kaya, & Baraçli, 2013) Examining the service quality in public 

transportation to solve various issues led to evaluating customer satisfaction based on 

SERVQUAL measurement using the Fuzzy-AHP and fuzzy TOPSIS approach. As an outcome, 

it was noticed that the fee and tangibles factors are the most significant weights in service 

quality evaluation. 



 

10 

 

 

This integration aids in the resolution of problems that require a variety of experts and 

questionnaires. Particular difficulties arise as a result of divergent opinions among experts on 

the same subject.  

 

2.3  The Innovative Aspects of the Research 

 

Future strategic decision-making plans for the public transportation system can be improved as 

a result of this research. The public bus supply quality model was integrated for developing and 

developed cities as a novel research approach. To examine the differences between groups' 

preferences, we divided the AHP questionnaire survey into groups of passengers and non-

passengers, transportation operators, and local government representatives. Moreover, Fuzzy 

AHP (FAHP) and Grey-AHP (AHP) approaches were conducted to calculate satisfaction based 

on the opinions of three different evaluator groups to point out a comprehensive understanding 

of the satisfaction of other groups. Furthermore, the necessity of an efficiency test for the AHP 

survey was highlighted. 

 

 

2.4  Research Objectives 

 

When attempting to analyze and solve any complex problem, the central issue is selecting an 

appropriate MCDM approach (or a combination of techniques). As a result, the primary goal is 

to aid in the development of a high-quality public bus transportation system. MCDM and its 

integrated approaches were used for this purpose. Initially, the traditional AHP approach was 

used to improve the PT supply quality system and highlight citizens' actual demands. The AHP-

BWM approach was then used to detect the stability of the criteria ranking in the three 

hierarchical structure levels and compute the final scores for all participant groups to obtain a 

general priority for the different evaluator groups. Finally, for the same purpose, the Grey-AHP 

was conducted. 

Moreover, Fuzzy-AHP was applied to overcome the uncertainty problem in the evaluators’ 

responses. Finally, the AHP-Kendall Coefficient model provided more efficient scores by 

testing the Eigenvector's efficiency. Moreover, some statistical techniques have been 

undertaken to detect the agreement level between the different evaluator groups. 

 

2.5  Technological Excellence 

 

In my current research, I used the most renowned multi-criteria decision techniques (MCDM) 

methodologies to assess the supply quality of public bus transportation systems. We used 

techniques with intent, adapting them to the current problem. First, the AHP-BWM model was 

used in a real-world application to improve the quality of PT supply. Furthermore, the well-

known AHP applied with the Kendall (statistical method) may contribute to the theoretical and 

practical group AHP. Furthermore, FAHP applied wisely to obtain a more trustworthy 
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evaluation group. Then the Grey AHP technique was used to overcome the limitations of 

uncertainty in the classical AHP approach. 

 

The dissertation is organized as follows:  

 

 

Thesis 1:   In Chapter 4, I conducted the traditional AHP approach for evaluating the PT 

supply quality system in Amman city, Jordan. Estimating Passenger Demand has 

been conducted for Development of the Urban Transport System by an AHP 

Model with the Real-World Application of Amman, a traditional AHP approach 

for evaluating PT supply quality system; passengers have participated in this 

questionnaire survey the AHP technique was implemented to get the final 

aggregated scores for all participants. 

Thesis 2:   In Chapter 5,  An integrated model between traditional AHP and Best worst 

method (BWM) has been employed to detect the stability of the criteria ranking 

in the three levels of the hierarchical structure to compute the final scores for all 

participant groups, which interns consider the uncertainty risk in the public 

survey, I used the calculations, which for could dealing with the diversity in the 

opinions of our different target groups and make a reliable overview from the 

view of all questionnaires. Finally, I collected the data and computed the final 

aggregated scores for all participants. 

Thesis 3:   In Chapter 6,  For estimating PT supply quality in Amman, I developed the 

hierarchical model to aggregate different evaluators’ responses by Integrating an 

approach of Multi-Criteria Decision-Making and Grey Theory for Evaluating 

Urban Public Transportation Systems. I proposed using the Analytic Hierarchy 

Process (AHP) grey values to overcome the uncertainty limitations in the 

classical AHP approach. The presented Grey-AHP model assumes an efficient 

contrivance to facilitate the public transport system's supply quality evaluation, 

especially when respondents are non-experts.   

Thesis 4:   In Chapter 7, I conducted a different solution; instead of using the traditional 

approach, the demand is considered a multi-criteria decision making (MCDM) 

problem, and surveying the citizens’ preferences provides the results for decision 

support. Public transport demand depends on two main issues, quality and price 

of the transportation. In a hierarchical model, both problems have been 

integrated, and the well-proven Analytic Hierarchical Process (AHP) method has 

been applied in the current research. Further, fuzzification of the scores has also 

been conducted because of the citizen evaluator pattern. The Fuzzy-Analytic 

Hierarchy Process model has been tested in a real-world situation with the case 

study of Amman, Jordan 

Thesis 5:   In Chapter 8, 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 profitably. 

Stakeholder participation in complex, multi-criteria decision-making often 
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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, the 

weight values are also significant in the final decision except for the attributes' 

positions. Therefore, a sophisticated measure has been conducted for a group 

agreement than rank correlation. First, the Fuzzy- analytic hierarchyl process 

(FAHP) has been used to find out the aggregated weights, then the Kendall 

correlation values are computed to reveal stakeholder opinions. 

 

In all research parts, I conducted the surveys. Moreover, in Thesis 1, I showed the AHP 

approach and collected passengers’ group’s preferences to detect their preferences. In Thesis 2, 

I applied the AHP approach for the three different evaluator groups and developed the 

hierarchal model. Furthermore, I used the BWM approach to detect the stability of the criteria 

ranking in the three levels of the hierarchical structure to compute the final scores for all 

participant groups. In Thesis 3, I proposed using the Analytic Hierarchy Process (AHP) and 

grey values to overcome uncertainty limitations in the classical AHP approach. In Thesis 4, I 

implemented Fuzzy-AHP (FAHP) and aggregated the final scores for the different participant 

groups using the geometric mean technique. Finally, in Thesis 5, I applied the FAHP approach 

and employed Kendall’s coefficient of concordance to highlight the agreement degree among 

them. 

 

The investigations shed light on the number of improvements that should be implemented. It 

also clarified what strategic decisions should be made to support the upcoming strategic 

decision plans. 

 

 

2.6  General Study Area. 

 

Jordan's capital, Amman, is strategically located in the Middle East. In contrast, Government 

must promote this location more to attract businesses and entrepreneurs by improving public 

transportation, making necessary changes to laws and regulations, and expanding the 

transportation network. Being eager to improve the entire system will have a positive impact 

on the city's economic situation. For example, tourism will increase if a reliable transportation 

system introduced that allows people to move around the city without being scammed by 

private car companies (Gronau & Kagermeier, 2007). On the other hand, access to markets and 

job sites will be more comfortable and smoother without congestion. As a result, the 

transportation network will benefit both employers and employees. The physical network and 

the legislation and laws governing the entire transportation process are complex decisions that 

decision-makers must make for the system to succeed (Xu, Wang, & Wei, 2018). 

It is estimated that the direct cost of road deaths in the Eastern Mediterranean Region is US$ 7.5 

billion per year (Paquette, Bellavance, Cordeau, & Laporte, 2012). Likewise, it is estimated 

that the price of road traffic injuries in Jordan equals 2% of the gross national product (Al-
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Masaeid, Al-Mashakbeh, & Qudah, 1999). Thus, public spending on road safety in the region's 

countries is pitiful despite the evidence that preventing traffic injuries can lead to significant 

economic gains, not only from social and human points of view but also from an economic 

sense. (Peden & Toroyan, 2004).  

 

Various MCDM approaches has been applied in Amman city to improve public bus 

transportation decisions, (Alkharabsheh, Moslem, Oubahman, & Duleba, 2021; Duleba, 

Alkharabsheh, & Gündoğdu, 2021; Moslem, Alkharabsheh, Ismael, & Duleba, 2020). 

 

Amman has no integrated public transportation system. Several modes of transportation 

compete and several routes through the city, but there are no timetables, and many pick up on-

demand. Downtown serves as a transportation hub, and most paths branch out from there. 

Minibuses, buses, yellow city buses, and services are available in the city. These are shared 

taxis that seat four to six people and charge a flat fare. During the last ten years,  an integration 

plan considered to integrate the system by introducing some companies relies on timetables 

system, such as Amman Bus Company, and minimize the pickup on-demand system. In 

addition to that, a Bus transit system known as (BRT) was added to the system to provide a 

premium service for citizens and attract new passengers to use the public transport system in 

the city. 

 

The vision of the Municipality bus operation is the fixed route, fixed schedule, and fixed fee, 

and the service is open to everyone. Currently, the municipality has three operators following 

this vision (Amman Bus, BRT bus, autobus company). In contrast, the other small companies 

are relying on the pickup on-demand system. The ultimate goal for the municipality is to have 

an integrated public transport system. GAM (Greater Amman Municipality) is working to 

achieve this vision by introducing the Bus rapid transit system (BRT) projects "partially 

operated in 2021". 

 

According to the line's length, route length, number of round trips per day, and passenger 

productivity, buses carry different people throughout the day. Therefore, regardless of these 

variables, the number of passengers carried by buses was considered when calculating 

productivity. Public vehicle types and capacity are presented in Table 2-1. 

 

Table 2-1 public transit types and numbers in Amman Municipality 

Transit Mode Amman 

Buses 529 

Mini-Buses 349 

Taxis 3264 

Total 4142 

Internal lines 298 

 

Figure 2-1 demonstrates the unofficial transport map in Amman city, as there is no official Map 

conducted by Greater Amman Municipality (GAM). 
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Figure 2-1 Municipality's Bus Lines in Amman City 

(Source:Maannasel.net) 

 

 

• Al Mahattah Transport Hub  

Almahhattah station is considered the central station in Amman city; based on the 

collected data, 84 lines are currently operational. At this, the station has 8 gates, 4  entrance and 

4 exit gates. 
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Figure 2-2 Al Mahattah transport hub station 

 

Amman Bus company has 28 routes departing from AlMahattah station to different destinations 

as shown in Table 2-2. All Amman Bus company buses are large buses for 50 passenger bus. 

 

Table 2-2 Route number and name for Amman Bus Company. 

Route Number Route Name  

1 Majmae Almahatat  / Almanara 

2 Majmae Almahatat  / Salihia aleabid / Almughayirat 

3 Majmae AlMahattah  / Alhurshat / Almuraqab 

4 Majmae Almahatat  / Tabarbur (kuliat aldaewati) 

5 Majmae AlMahattah  / Alaitihad alriyadiu 

6 Majmae Almahatat  / 'Abu eulya 

7 Majmae AlMahattah  / Alunanat 

8 Majmae Almahatat  / Marka alshamaliat / Altatwir Alhadriu / Qaryat khalid 

9 Majmae Almahatat  / Alhashimi alshamaliu / Alshahid 

10  

Majmae Almahatat  / Jabal alnuzha / Dahiat aalmiralhasan / Alkhazna 

11 Majmae Almahatat  / 'Abu nusayr 

12 majmae Alshamal / Shafa badran / tab karae 

14 Majmae Almahatat  / Aljamieat alardiniat / Sawilih 

15 Mujmae Alshamal / Aljamieat Al'iislamia 

19 Majmae Alshaamil / Jamieat Albalqa' Altatbiqia 

20 Majmae Almahatat  / Almanarat / Hayu Albatra' 

21 Majmae Almahatat  / 'Am nuarat / Dahiat Alfaruq Eumar 

22 Majmae Almahatat  / Hayu Eadn 
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25 Majmae AlMahattah  / Shafa badran / Tab karae 

26 Majmae Almahatat  / Dahia Alhaju Hasan / Kuliyat hatayn 

27 Majmae Almahatat  / Dahiat alrashid / Aljamieat Al'urduniyat / Altaelim aleali 

28 Majmae AlMahattah  / Almustanida / Sakan Karim 

32 Majmae AlMahattah  / Madrasat Muhamad Bn Alqasim Althaanawiat Lilbanin 

33 Majmae AlMahattah  / 'Abu Ealanda 

34 Majmae Alshamali/ Marj Alhamaam 

35 AlMahattah / 'Iiskan Altilifizyuni/ Hadiqat Alyasamin 

36 AlMahattah / Abdon 

37 AlMahattah / Duaar alqaysiat / Aldhirae Algharbiu / Alshurta Alnisayiya 

 

 

 

 

 
Figure 2-3 Amman Bus company routes Map 
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• The National Museum Terminal (Muhajereen bus station)  

 

 
Figure 2-4 (Muhajereen bus station) 

Based on the collected data, 18 lines are currently operational at this terminal, with 147 vehicles 

split, as shown in Table 2-3. 

 

Table 2-3 Al Muhajereen number and type of operating transport vehicles 

Vehicle type Large Medium (Midi) Small (Coaster) 

No. of Vehicles 57 38 52 

  Of the above mentioned, two lines are directly operational between Al Muhajireen and Al 

Mahattah. 
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3. Research Methodoly  
 

3.1  Introduction to Analytic Hierarchy Process (AHP) 

 

The Analytic Hierarchy Process (AHP) is a mathematical and psychological method for 

organizing and analyzing complicated choices based on a mathematical structural approach. It 

was created in the 1970s by Thomas L. Saaty and was subsequently enhanced. It's divided 

into three sections: the ultimate aim or problem you're trying to address, all feasible solutions 

(referred to as alternatives), and the criteria you'll use to evaluate the other options. By 

quantifying its criteria and alternative possibilities and tying those parts to the broader 

purpose, AHP provides a coherent framework for a necessary decision. The technique is a 

popular functional method in decision-making because it has a friendly user approach and can 

be implemented quickly (G. Park et al., 2019).  

 

The Analytic Hierarchy Process (AHP) has become one of the most popular decision-making 

techniques for complex decision problems. Merely since 2014, more than 17000 results can be 

found in most scientific databases if searching for the term “Analytic Hierarchy Process.” It is 

evident that such a popular technique has been modified throughout the years (since its first 

publication by Saaty) by many researchers theoretically and practically  (Saaty, 1977). 

 

Stakeholders compare the importance of criteria two at a time using pair-wise comparisons. 

For instance, do you value job benefits or a short commute more, and if so, by how much? 

These evaluations are converted into numbers by AHP. 

 

This chapter equations and processes steps will be used in the further chapters. 

 

 

3.2  Analytic Hierarchy Process (AHP) Approach  

 
The conventional AHP is a well-proven decision-making methodology, which was proposed 

by Saaty in the 1980s to simplify complex decision problems (Wind & Saaty, 1980). The 

AHP method is based on an additive weighting process, in which several relevant criteria are 

represented through their relative importance.  

Analytic Hierarch Process (AHP) was chosen for the recent research among the multi-criteria 

decision techniques (MCDM) because of the nature of the decision problem to be solved. To 

provide the evaluators with a clear overview and follow the AHP procedure, a hierarchical 

structure of the transport demand elements was made to present the criteria and sub-criteria of 

the decision. Furthermore, since the simultaneous examination of quality and cost type 

elements in an integrated multi-criteria AHP model is rare in the scientific literature, the 
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procedure is introduced in detail, highlighting the steps in which the two different types of 

attributes are pairwise compared. 

AHP approach was extensively applied by academics and professionals in many fields and 

problems, mainly in engineering fields like transport engineering field (Farooq, Moslem, & 

Duleba, 2019a; Ghorbanzadeh, Feizizadeh, et al., 2018; Moslem & Duleba, 2019). However, 

the AHP approach has some restrictions and to overcome these limitations, many researchers 

integrate fuzzy theories with the AHP approach to provide more reliable and robust results (L. 

Chen & Deng, 2018; K.-S. Park, Seo, Kim, & Ha, 2018). 

 

 

The Analytic Hierarchy Procedure consists of the following steps: 

 

• Defining the problem 

 

• Defining the objectives of the problem or consideration of all actors, goals, and 

its outcome. 

• Determination of the criteria (both quality and cost) for evaluation. 

 

• Structuring the problem in a hierarchy of different levels constituting goal, 

criteria, sub-criteria, and alternatives. Note that the quality and cost type 

attributes should not necessarily be separated into other groups. 

 

 

• Comparing each element in the corresponding level and calibrating them on 

the 1–9 Saaty scale (Saaty, 1977) (See Table 3-1). 

Table 3-1 Judgment scale (Saaty’s 1–9 scale) (Saaty, 1977). 

Values Value Definition 

1 Both elements are equally important 

3 Moderate importance 

5 Strong importance 

7 Very strong importance 

9 Extreme Importance 

2,4,6,8 Intermediate values 

 

• Performing calculations to find the maximum eigenvalue, consistency index (CI), and 

consistency ratio (CR). 

 

If the CI and CR are satisfactory, the decision is taken based on the normalized values; 

otherwise, the procedure is repeated until these values lie in the desired range. 

The matrix A is considered consistent if all of its elements are positive, transitive, and 

reciprocal as: 
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𝑎𝑖𝑗  =
1

𝑎𝑗𝑖

. 
(3.1) 

 

For consistent pairwise comparison matrices (PCM-s), the Perron theorem stands: 

 

𝐴 𝑤 = 𝜆𝑚𝑎𝑥  𝑤. (3.2) 

The dominant eigenvector of such PCM is trivial to be determined by Saaty’s eigenvector 

method (Saaty, 1977). Matrix A is a consistent matrix, (λmax) = n. 

 

(𝐴 − 𝜆𝑚𝑎𝑥  𝐼)𝑤 = 0. (3.3) 

 

While in AHP, decision-makers most likely do not evaluate PCM-s consistently (for the 

evaluation, the Saaty scale is recommended, see Table 3-1 the eigenvector method can be 

used a consistency check has been conducted for the assessments. Thus, for AHP 

applications, the eigenvector method can be used for deriving the weight scores of the 

decision elements, however only in those cases in which the pairwise evaluations meet the 

inconsistency tolerance, measured by the Consistency Ratio. Note that the criterion of 

consistency must refer to both quality and cost type of attributes. Consequently, during the 

AHP process, the consistency of answers must be examined by Saaty’s Consistency Index 

(CI) and Consistency Ratio (CR) (Saaty, 1977): 

 

 

𝐶𝐼 =
𝜆𝑚𝑎𝑥 − 𝑛

𝑛 − 1
, 

(3.4) 

CR can be determined by: 

 

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
. 

(3.5) 

 

Table 3-2 Demonstrate the calculated values of Random consistency index(RI) provided by Saaty 

(Saaty, 1977). 

n 2 3 4 5 6 7 8 9 

RI 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 

 

RI is the random consistency index , as demonstrated in Table 3-2. The threshold was also 

determined by Saaty; if CR is below 0.1 (CR < 0.1). the PCM can be considered acceptable 

from an inconsistency point of view.  
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Since most of the AHP applications involve several evaluators, the individual scores have to 

be aggregated. To avoid rank reversal, the calculation of the geometric mean (Aczél & Saaty, 

1983) of the respective evaluator scores is recommended for determining the aggregate 

results. If “h” evaluators exist in the procedure, 

 

𝑓
(𝑥1, 𝑥2,   ..  ,   𝑥ℎ)= √∏ 𝑥𝑘

ℎ
k=1 

𝑛 , (3.6) 

 

where 𝑥1, 𝑥2, . . ., 𝑥ℎ denotes entries, in the same matrix position (i, j), of pairwise 

comparison matrices, filled in by the 𝑘 − th decision-maker. Having gained the aggregated 

matrices, calculating final weight vector scores considering hierarchical linkages is the next 

step in the procedure. It should be noted that the quality and cost attributes must be 

considered as part of the hierarchy, so their position is a crucial point. As consistency has 

been acceptable, the final score determination can be applied as: 

 

 

𝑤𝐴𝑖
=

𝑤�̇�

𝑤

𝑤𝑖𝑗

∑ 𝑤𝑖𝑘
𝑛
𝑘=1

= (
𝑤�̇�

𝑤

𝑤𝑖

∑ 𝑤𝑖𝑘
𝑛
𝑘=1

)𝑤𝑖𝑗 , 
(3.7) 

 

where 𝑗 = 1, …… , 𝑚 and 𝑤 = ∑ 𝑤𝑖, 𝑤𝑗  
𝑚

𝑖=1
>  0 (𝑗 = 1, …… , 𝑚) 

represent the related weight coordinate from the previous level; 𝑤𝑖𝑗  >  0 (i =  1, . . ., 𝑛) is 

the eigenvector computed from the matrix in the current level, 𝑤𝐴𝑖
 (i =  1, . . ., 𝑛) is the 

calculated weight score of the current level’s elements. Sensitivity analysis enables 

understanding of the effects of changes in the main criteria on the sub-criteria ranking and 

helps the decision-maker to check the robustness throughout the process. 

 

3.3  Best Worst Method (BWM) 

  

The general model of BWM has been customized to the decision problem of improving public 

bus transport. In our research, no alternatives have been applied. Only one matrix (5×5) in the 

second level of the hierarchy structure in chapter 5 was evaluated since we relied on three 

different group considerations and did not strive to influence their judgments by any 

alternative selection. The application evaluated several complex transportation problems 

(Moslem, Campisi, et al., 2020). 

 To provide an overview of all stages for the recent survey, we defined the phases in 

the following order. 

 Step 1: Identifying the primary and sub-main criteria for public bus transport 

supply quality. 

 Step 2: Defining the most important (MI) and the less important (LI) criteria 

by simply scoring the participants. 
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 Step 3: Evaluating the pairwise comparisons between MI criteria by using (1-

9) scale, where 1 is “equal importance” and 9 means “extremely more important.” The 

result of this step is represented by the following vector: 

 

𝑉𝐵 = (𝑣𝐵1, 𝑣𝐵2, … , 𝑣𝐵𝑛)       (3.8) 

 

 where 𝑣𝐵𝑗  is the preference of criterion B (the most important or the best) over 

the criterion j and 𝑣𝐵𝐵 = 1. In our model n = 5, we have five criteria to compare, j= 

(1, 2, …, 5). 

 

 Step 4: Make pairwise comparisons between LI criteria using a (1-9) scale. 

The result of this step is represented by the following vector: 

 

𝑉𝑊 = (𝑣1𝑊, 𝑣2𝑊, … , 𝑣𝑛𝑊)𝑇        (3.9) 

 

 where 𝑣𝑗𝑊  is the preference of criteria j (the most important or the best) over the 

 criteria W and 𝑣𝑊𝑊 = 1. n = 5, since we have five criteria to compare in our model, j 

=  (1, 2, …, 5). 

 

 Step 5: Calculating the final optimal weight scores (𝑠1
∗, 𝑠2

∗, … , 𝑠𝑛
∗) of the 

criteria, and the indicator of the optimal consistency of comparisons: 𝜉∗. 

 

 The maximum absolute difference has to be minimized. 

 

 min 𝑚𝑎𝑥𝑗 {|
𝑠𝐵

𝑠𝑗
− 𝑣𝐵𝑗| , |

𝑠𝑗

𝑠𝑊
− 𝑣𝑗𝑊| }        

 

 ∑ 𝑊𝑗 = 1𝑠.𝑡.
𝑗 ,  𝑊𝑗  ≥ 0,    for all  𝑗       (3.10)  

 

 After that, the solution could be obtained by solving the linear program (LP). 

 

 

min 𝜉∗ 

s.t. 

                                              |
𝑠𝑗

𝑠𝑊
− 𝑣𝑗𝑊| ≤  𝜉∗, for all j    (3.11) 

∑ 𝑠𝑗
𝑗

= 1 

𝑠𝑗 ≥ 0,   for all 𝑗 

 

 The following formula computes the consistency ratio to check the consistency of the 

comparisons(Rezaei, 2015)  
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 Consistency Ratio =  
𝜉∗

Consistency  Index⁄       (3.12) 

  

 The consistency index (CI), presented in Table 3-3, is gained by random experiments 

for a different number of comparisons(Rezaei, 2016).  

 

Table 3-3 The consistency index values for computing the consistency ratio 

𝒗𝑩𝑫 1 2 3 4 5 

CI 0 0.44 1 1.63 2.3 

 

 Consistency Ratio (CR) is acceptable in BWM methodology if its value is between 0 

and 1. This ratio can be calculated wisely for individual evaluators or groups when we first 

aggregate the group's scores by creating the geometric mean of the scores and then 

conducting the consistency check. In our case, the CR was checked individually.  

 

3.4  Fuzzy -AHP Method 

 

In chapter 7. The mathematic notion for the FAHP evaluation was used from the work of (C. 

C. Sun, 2010). In the referred paper, the author conducted a fuzzy logic technique by 

developing a questionnaire survey with triangular fuzzy numbers scales. The following 

formulas are merely applications in our research for the newly created integrative decision 

model. We introduce the formulas in detail to give insight into the computational process. 

A fuzzy number �̃� on  ℝ to be a triangular fuzzy number if its membership function 𝜇�̃�(𝑥) 

: ℝ → [0, 1]  is equal to the consequential formula (7.1): 

 

𝜇�̃�(𝑥) = {

𝑥−𝑑

𝑚−𝑑
,        𝑑 ≤ 𝑥 ≤ 𝑚

ℎ−𝑥

ℎ−𝑚
,        𝑚 ≤ 𝑥 ≤ ℎ

 0,               otherwise

   (3.13) 

 

From equation. (8.1), 𝑑 and 𝑢 intend the inferior and superior bounds of the fuzzy number �̃�, 

and 𝑚 is the modal value for �̃� (see Figure 3-1).  The triangular fuzzy number can be 

exhibited by �̃� = (𝑑,𝑚, ℎ) .  
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Figure 3-1 The membership functions of the triangular fuzzy number. 

The operational laws of triangular fuzzy number �̃� 1 = (𝑑1,𝑚1, ℎ1) and �̃� 2 = (𝑑2, 𝑚2, ℎ2) 

are blazon as consecutive formulas as an addition (8.2), multiplication (8.3), division (8.4) 

and reciprocal (8.5) of the fuzzy numbers. In our computational procedure, all formulas were 

applied. 

 

The following equation shows the addition of fuzzy number ⨁ 

�̃� 1 ⨁�̃� 2 = (𝑑1, 𝑚1, ℎ1) ⨁ (𝑑2,𝑚2, ℎ)  = (𝑑1 + 𝑑2,  𝑚1 + 𝑚2, ℎ1 + ℎ2)  .  (3.14) 

 

The following equation shows the multiplication of fuzzy number ⨂ 

�̃� 1 ⨂  �̃� 2 = (𝑑1𝑑2,𝑚1𝑚2, ℎ1ℎ2)  for 𝑑1, 𝑑2 > 0;𝑚1,𝑚2 > 0; ℎ1ℎ2 > 0.    (3.15) 

 

 

The following equation shows the division of fuzzy number  ∅ 

�̃� 1 ∅ �̃� 2 = (
𝑑1

ℎ2
,
𝑚1

,𝑚2
,
ℎ1

𝑙2
) for 𝑑1, 𝑑2 > 0;𝑚1, 𝑚2 > 0; ℎ1ℎ2 > 0.     (3.16) 

 

The following equation shows the reciprocal of fuzzy number 

 �̃� −1 = (𝑑1, 𝑚1, ℎ1) 
−1 = (

1

ℎ1
,

1

𝑚1
,

1

 𝑑1
)  for   𝑑1, 𝑑2 > 0;𝑚1, 𝑚2 > 0; ℎ1ℎ2 > 0.     (3.17)                            

In the incumbent research, the computational technique was based on the sequent fuzzy 

numbers that were defined by (Gumus, 2009) and (C. C. Sun, 2010) in Table 3-4. 

 

Table 3-4 The scale of fuzzy numbers and their linguistic scale 

Fuzzy number Linguistic scale Scale of fuzzy number 

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) 
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3 Not bad (2, 3, 4) 

2 Weak advantage (1, 2, 3) 

1 Equal (1, 1, 1) 

 

The employed PC matrices were constructed based on the hierarchical structure of criteria as 

shown in Figure 3-1. Linguistic terms were assigned to the PCs by asking which criteria are 

more treasured than the other concerning the primary goal. As �̃�  the biggest matrix (5×5) in 

the study, so we demonstrate the fuzzification of the scale values for this case: 

 

�̃� =

[
 
 
 
 

1 �̃�12 �̃�13 �̃�14 �̃�15

�̃�21

�̃�31

�̃�41

�̃�51

1
�̃�32

�̃�42

�̃�52

�̃�23

1
�̃�43

�̃�53

�̃�24

�̃�34

1
�̃�54

�̃�25

�̃�35

�̃�45

1 ]
 
 
 
 

=

[
 
 
 
 

1      �̃�12      �̃�13 �̃�14 �̃�15

1/�̃�12

1/�̃�13

1/�̃�14

1/�̃�15

1
1/�̃�23

1/�̃�24

1/�̃�25

�̃�23

1
1/�̃�34

1/�̃�35

�̃�24

�̃�34

1
1/�̃�45

�̃�25

�̃�35

�̃�45

1 ]
 
 
 
 

.  (3.18) 

Where 

 

�̃�𝑖𝑗 = {
9̃−1, 8̃−1, 7̃−1, 6̃−1, 5̃−1, 4̃−1, 3̃−1, 2̃−1,

1̃, 2̃, 3̃, 4̃, 5̃, 6̃, 7̃, 8̃, 9̃,   1,                        𝑖 ≠ 𝑗
1                                                                 𝑖 = 𝑗

    

     

For accumulating the fuzzy weights for each rater group, the fuzzy geometric mean technique 

was implemented (Hsieh, Lu, & Tzeng, 2004). 

 

�̃�𝑖 = (�̃�𝑖1 ⨂ �̃�𝑖2 ⨂ �̃�𝑖3⨂ �̃�𝑖4 ⨂ �̃�𝑖5)
1/𝑛.       (3.19) 

 

�̃�𝑖 = �̃�𝑖 [�̃�1⨁ �̃�2 ⨁ �̃�3 ⨁ �̃�4 ⨁ �̃�5]
−1.                     (3.20) 

 

where �̃�𝑖𝑗 is fuzzy comparison value of dimension 𝑖 to criterion j, thus, �̃�𝑖 is a geometric mean 

technique of fuzzy comparison value of criterion 𝑖 to each criterion, �̃�𝑖 is the fuzzy weight of 

the 𝑖 th criterion, which is illustrated by a triangular fuzzy number, �̃�𝑖 = (𝑑𝑤𝑖, 𝑚𝑤𝑖, ℎ𝑤𝑖). 

The 𝑙𝑤𝑖, 𝑚𝑤𝑖 and  𝑢𝑤𝑖 denote the upper, middle, and lower values of the fuzzy weight of the 

𝑖-th dimension. 

The consistency ratio (CR) for all pairwise comparison matrices was smaller than 0.1, which 

is acceptable to complete the FAHP analysis as Saaty suggested (Saaty, 1977). Therefore, the 

final scores of the proper 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 weights of the previous levels by using the following equation: 

 

�̃�𝐴𝑖
= 

�̃�𝑗

�̃�
 

�̃�𝑖𝑗

∑ �̃�𝑖𝑘
𝑛
𝑘=1

= (
�̃�𝑗

�̃�
 

1

∑ �̃�𝑖𝑘
𝑛
𝑘=1

) �̃�𝑖𝑗.      (3.21) 

where j = 1, ..., m and �̃� =  ∑ �̃�𝑗
𝑚
𝑖=1 ; 
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�̃�𝑗 > 0 ( j = 1, ..., m ) represents the related weight coordinate from the previous level; �̃�𝑖𝑗 >  

0 ( i = 1, ...,n) is the eigenvector computed from the matrix in the current level, �̃�𝐴𝑖 ( i = 1, ..., 

n ) is the calculated weight score of the current level’s elements.  
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4. Evaluating Passenger Demand for Development of the Urban 

Transport System by an AHP Model with the Real-World 

Application of Amman 
 

 

4.1  Introduction and Contributions 

 

The demand for service generally includes two significant components: quality elements and 

reasonable and affordable price. Public transport can be considered as exceptional service, 

there is no direct market competition for the provider, but the use of private transport modes 

substitutes the usage of public vehicles. The dominating competitor, the usage of private cars, 

causes higher CO2 emissions and seriously impacts the environment. Thus, it is essential to 

analyze from a market and sustainability point of view, which are the public's preferences for 

the improvement of the urban transport system.  

This chapter aims to conduct this analysis by including quality criteria and transport fare 

criteria related to the current service of a city and by setting up and testing a generally 

applicable model for decision support. Since the acquisition of general preference was the 

primary objective, and the problem can be considered decision-making, the Analytic 

Hierarchy Process was selected as methodology. There are previous research results of 

applying this method on public transport, however, not in an integrated model, in which 

quality and cost considerations are pairwise compared. Thus, the conventional Analytic 

Hierarchy Process (AHP) technique was used, and the well-proven requisites of consistency 

and sensitivity check were analyzed. The new model was tested in a case study: surveying the 

public transport demand in the capital of Jordan, Amman. 

 

In this chapter, we suggest an approach aiming to get an overview of passenger’s demands only 

in this stage.  As a case study, the biggest city of Jordan  (Amman) was selected. Amman city 

is the Capital of Jordan, with 3.5  million inhabitants. As a methodology, the traditional analytic 

hierarchy process approach (AHP) has been conducted based on a dynamical questionnaire 

survey that has been used regarding the hierarchy of supply quality criteria. As evaluators, the 

citizens have participated in the study. Analyzing collected data has highlighted the degree of 

citizens‘ satisfaction about public transport (where different evaluator groups were involved in 

the survey). Moreover, the group AHP approach was implemented to get the final aggregated 

scores for all participants.  

 

In this Chapter, I conducted the traditional AHP approach for evaluating the Public transport 

(PT) supply quality system in Amman city, Jordan. First, I collected the data for randomly 

represented passengers. Moreover, I implemented the AHP technique to get the final aggregated 

scores for the participant. 
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4.2  Materials and Methods 

 

4.2.1     The Analytic Hierarchi Process 

 

 

This approach is applied to derive ratio scales from pairwise comparisons. The input can be 

obtained from actual measurements, such as weight, price, etc., or subjective opinions, such 

as preference and perceived satisfaction (Saaty, 2005). Furthermore, the process allows 

minor, tolerable inconsistencies in judgment with the ratio scales being derived from the 

principal eigenvectors, whereas the consistency index is achieved from the principal 

eigenvalue (Saaty & Vargas, 2013). 

 

 Measuring the customer satisfaction level is needed in any public transportation project 

because the attitude of the target user group determines the public demand. Thus, the 

objective of the current research was to define and analyze the customer preferences of the 

public transport system development to help the decision makers decide the appropriate 

implications to create a more sustainable system. This objective might be completed by a 

hierarchical decision support model applying the AHP approach. 

 

Accordingly, Analytic Hierarch Process (AHP) was chosen for the recent research among the 

multi-criteria decision techniques (MCDM) because of the nature of the decision problem to 

be solved. To provide the evaluators with a clear overview and follow the AHP procedure, a 

hierarchical structure of the transport demand elements was made to present the criteria and 

sub-criteria of the decision. Furthermore, since the simultaneous examination of quality and 

cost type elements in an integrated multi-criteria AHP model is rare in the scientific literature, 

the procedure is introduced in detail, highlighting the steps in which the two different types of 

attributes are pairwise compared. 

Chapter 3 has discussed sufficiently the methodology used in this chapter. 

 

The steps of conducting AHP are presented in Figure 4-1. 
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Figure 4-1 The basic process of the Analytic Hierarchy Process approach. 

 

 

In the current research, a new hierarchical structure model (Figure 4-2) was constructed and 

implemented to support public bus transportation in Amman, Jordan. This model in public 

transportation multi-criteria decision making where quality and cost issues are pairwise 

compared. As shown in Figure 4-2, the first level is more general, the second level is detailed, 

and the third one is more detailed and specific, so the data can be increased essentially on a 

wide range of components in a comprehensive manner, keeping the hierarchy. 

 The supply quality elements were chosen to cover the qualitative factors such as perspicuity 

of timetable or safety of travel and quantitative factors such as fare, waiting time, and 

frequency of lines. The transport quality, tractability, fare, and service quality are the four 

main criteria to evaluate the supply quality service in the network. The transport quality refers 

to the time spent on the bus, tractability refers to providing sufficient and comprehensive 

information before and during the journey, fare refers to the price of tickets for a one-way 

journey, price of tickets for the whole trip, and special prices for students and pensioners. At 

the same time, service demonstrates and describes the pre and post-service elements.  

 

The passenger group was targeted only because it represents the demand for public transport, 

and their preferences and attitude constitute the transport demand itself. Furthermore, due to 

the nature of the applied AHP technique, pairwise comparisons had to be completed, which 

ensured a clear overlook of the supply quality elements for the citizen participants and 

provided consistency in the evaluation process, which is a real benefit in passenger surveys. 
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Figure 4-2 The Hierarchical Model for the integrated survey on public transport demand (Source: own). 

Figure 4-2 demonstrates the public transport supply quality elements constructed based on the 

authors' literature review and previous research results. However, this specific structure is one 

of the novelties of the paper since the integrated approach of quality and financial elements 

have not been applied so far for public transport decision-making. Note that the dominant 

connections of the decision elements are hierarchical, and there are very few dependencies 

among the attributes (e.g., the frequency of lines might affect the awaiting time). 

  

Although some non-hierarchical correlations might be detected, the basic hierarchical 

structure made it possible to apply AHP and avoid the Analytic Network Process (ANP) 

(Farooq & Moslem, 2020), which most likely cannot be used for passenger surveys due to the 

enormous number of pairwise comparisons. As the figure demonstrates, one (4 * 4) PCM was 
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created for the first level, one (5 * 5) and three (3 * 3) PCM-s for the second level, and  two  

(3 * 3) PCM and two (2 * 2) matrices for the third level. The rules of AHP methodology were 

followed in constructing the questionnaire. For the first level, the following questions were 

asked: Compare the importance of improvement for the service quality and transport quality 

elements, and so forth for all possible pairs. Additionally, for the second and third levels, the 

same procedure was followed. 

 

Table 4-1 demonstrates the criteria definitions and explanation used in the site survey to 

clarify each term and symbol for the participant citizens to have more understating, as layman 

evaluators. 

 

Table 4-1 The definition of the applied decision elements. 

Criteria 

Code 

Criteria Definition 

C1 “Service Quality”, everything excluding transport itself 

C2 “Transport Quality”, for real time in vehicle 

C3 “Tractability”, getting information from every aspect 

C4  “Fare”, price of the ticket for a journey on public transport 

C11 “Approachability”, of the service before beginning of travel 

C12 “Directness” reaching the destination without shifting vehicles 

C13 “Time availability” the time frame when using a certain vehicle 

C14 “Speed”, speed for the time of the whole travel process 

C15 “Reliability”, the quality of being trustworthy 

C21 “Physical comfort”, comfort of seat, crowd, conditioned air 

C22 “Mental comfort”, passenger sense of non-physical comfortability while using public 

transportation including environmental consciousness 

C23 “Safety of travel”, feeling safe, accidents by the bus, security 

C31 “Perspicuity”, clear understanding for schedule and information 

C32 “Information before travel”, amount and quality of information 

C33 “Information during travel”, availability, quantity and quality of information 

C41 “One-way tickets”, the price of a single journey ticket   

C42 “Weekly/monthly tickets”, the price of the weekly or monthly public transportation 

ticket 

C43 “Discounted tickets”, the subsidized price for students and elderly people   

C111 “Distances to stops”, reaching the stops for travel 

C113 “Safety of stops”, subjective feeling 

C112 “Comfort in stops”, heating and cooling systems, seats 

C121 “Need of transfer”, does the passenger have to change or not 

C122 “Fit connection”, between bus lines or between buses and other types of public 

vehicles 

C131 “Frequency of lines”, the number of times that public transportation is deployed over 

a route 
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C132 “Limited time of use”, the time of the first line in the morning and the last line in the 

evening 

C141 “Journey time”, the time spent by the passenger in the vehicle 

C142 “Awaiting time”, the time spent by the passenger to wait for the service  

C143 “Time to reach stops”, the time spent by the passenger to reach the stop station 

 

 

4.3  Results and Discussion 

 

The main characteristics of the conducted survey based on the hierarchical model were the 

following: 

• 100 evaluators have contributed to the survey from different ages and social layers. 

Therefore, the number of participants is not statistically representative. However, the 

MCDM provides a deeper insight based on pairwise comparisons than a simple 

statistical survey. 

• A random selection of travelers was made nearby the bus stations in Amman, Jordan. 

Despite the random sampling, the proportion of age and genders reflected the 

characteristics of the city's total and the potential user’s public transportation in 

Amman, Jordan. 

• The survey was done and collected between February and April 2018 and analyzed in 

May 2018. 

• The consistency ratio (CR) for all matrices in the group was less than 0.1. 

Accordingly, it was acceptable to complete the AHP analysis procedure proposed by 

Saaty Table 4-2.  

• Table 4-3 Table 4-4 demonstrates the priority order for the public bus transportation 

system elements. 

In the survey, transport quality referred to the time spent in the vehicle by passengers. It 

consisted of mental and physical comfort in the vehicle during the journey or the safety on 

board. Consequently, passenger evaluators established that the most critical part of the system 

is the service during their journey in the vehicle and not the other circumstances (before or 

after) of the travel. 

 

Passenger evaluators indicated in the first level that the development of “Transport Quality 

C2” is the element that needs to be improved the most as presented in Table 4-2 however, 

there were differences of preferences in the second and third rank, in which passenger side 

ranked “Service Quality C1” was the second most important issue, followed by “Fare C4” and 

in the last stage was “Tractability C3”. 

 

It is also noticeable that transport or service quality gained greater significance than the other 

two general elements. Thus, all initiations of the local municipality should focus on 

improving these two general items in the first stage. 
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Table 4-2 Priority ranking for level 1. 

Level Criteria Final Weight Score 
Level Wise 

Ranking 

Level 1 

Service quality (C1) 0.2629 2 

Transport Quality (C2) 0.3353 1 

Tractability (C3)  0.1897 4 

Fare (C4)  0.2122 3 

 

For level 2, the passengers evaluated the “Safety of travel C23” as the most important issue to 

be improved, and after that, they highlighted the “Discounted tickets (C43)” to be improved, 

as shown in  

Table 4-3; accordingly, it can be concluded that to increase the demand on the public bus and 

make it sustainable, the passenger's priorities have to be considered. 

The element “Discounted tickets (C43)” gained the second most important position out of the 

14 criteria in this level even though its individual upper-level element “fare” gained only low 

weight. This is because the role of the related upper-level item is significant (See Equation 

(7)). 

 

The element “Info before travel (C32)” gained the third position, while the “info during travel 

C33” gained the 11th position. However, they both belong to “tractability C3”, so it is 

noticeable that in this case, most of the passengers are familiar with the bus stop names and 

places, simultaneously the same passengers are suffering from the lack of information before 

starting the journey, for example, they require to be informed about time schedule changing, 

or route changing. 

 

Table 4-3 Priority ranking for level 2. 

Level Criteria 
Final Weight 

Score 

Level Wise 

Ranking 

Level 2 

Approachability (C11) 0.0417 14 

Directness (C12) 0.0500 10 

Time availability (C13) 0.0638 7 

Speed (C14) 0.0631 6 

Reliability (C15) 0.0443 13 

Physical comfort (C21) 0.0738 5 

Mental comfort (C22) 0.0878 4 

Safety of travel (C23) 0.1737 1 

Perspicuity (C31) 0.0513 9 

Info before travel (C32) 0.0900 3 

Info during travel (C33) 0.0483 11 

One-way tickets (C41) 0.0445 12 

Weekly/monthly tickets (42) 0.0527 8 

Discounted tickets (C43) 0.1150 2 
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In level 3, as can be seen in Table 4-4, “frequency of lines” was the top priority for the 

passengers followed by “Fit connection,” which means that the decision-makers have to 

consider these elements when they improve the public bus system and network to raise the 

sustainability of urban transport. 

The element “Frequency of lines (C131)” gained the most essential position out of the 10 

criteria in this level even though its individual upper-level element “Time availability (C13)” 

gained only low weight, and in the calculation, the role of the related upper-level item is small 

see Equation (3.7). Consequently, the passengers demand greater frequency of the buses more 

than the existing state of the transport operation. 

The element “Fit connection (C122)” gained the second most important position out of the 10 

criteria in this level even though its respective upper-level element “Directness (C12)” gained 

only low weight, and in the calculation, the role of the related upper-level item is small (see 

Equation (3.7). Consequently, the passengers are seeking many more organized routes and 

requiring a reduced waiting time in changing bus lines. 

 

Table 4-4 Priority ranking for level 3. 

Level Criteria 
Final Weight 

Score 

Level Wise 

Ranking 

Level 3 

Distance to stop (C111) 0.0101 10 

Comfort of stops (C112) 0.0209 6 

Safety of stops (C113) 0.0107 9 

Need for transfer (C121) 0.0200 7 

Fit connection (C122) 0.0300 2 

Frequency of lines (C131) 0.0356 1 

The limited time of use 

(C132) 
0.0282 3 

Journey time (C141) 0.0148 8 

Awaiting time (C142) 0.0272 4 

Time to reach stops (C143) 0.0211 5 

 

Accordingly, passengers considered the “safety of travel” in level 2 as the most important 

criteria to be improved due to the lack of monitoring for the driver behavior. In some cases, 

the drivers do not follow the spot speed. The discounted tickets criteria have the second 

priority to be improved as this does not exist in the current public transport system.  

 

Consequently, Amman Municipality is working to improve the public transportation system 

in the city. For instance, new buses were deployed recently to improve the public transport 

system. In addition, the new buses have a good surveillance system to enhance the safety of 

travel. The municipality is also working on different projects to improve the whole public 

system. 
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In level 3, the passengers evaluated the frequency of lines as the number one criterion to be 

improved. As a result, the new deployed buses have increased frequency and a more 

organized system than the old system. 

 

4.3.1  Sensitivity Analysis 

 

A sensitivity test was applied for all levels. In level 1, the score of the “Transport Quality” 

criterion was modified from 0.335 to 0.35. Indeed, the scores of the other criterion in this 

level were adjusted to keep the value one for the total sum of the weight scores. Respectively, 

the score of the lower-level elements changed accordingly (as Equation (7) indicates). In the 

sensitivity analysis, the first ranking level was retained, and the change in ranking was 

examined based on previous and ongoing public transportation projects in the city; this 

implication might cause a difference in the passengers' priorities. 

 

Public transportation projects have been launched recently by the Greater Amman 

Municipality to improve the supply quality of the service, such as the Amman Bus rapid 

transit (BRT) project, which is going to be the city’s initial bus public transit system, within 

which premium, high-capacity buses run on exclusive and utterly separate lanes. The system 

can embody the development and style of stops, stations, traveler data, and vehicle 

specifications. In Amman, in the busiest corridors, the frequency of the buses will be 

increased to 3 min of the buses running. The BRT corridors in the capital of Jordan are 

integrated into the public transport network. One of the project's ambitious objectives is to 

create direct BRT lines for the users from their origin to destination. As a pre-condition, an in-

depth network of feeder services is being designed together with the BRT. Feeders can largely 

be buses but also may additionally embody smaller vehicles. The feeders will transport from 

their destinations to the closest BRT stop, thus can conjointly give a high-quality and frequent 

service which will probably increase the transport, and service quality satisfaction. Therefore, 

weighting and ranking in the first level might be changed in the future; this possible change 

was followed in the sensitivity analysis. 

 

Table 4-5 Weight scores and ranking after the sensitivity check for level 1. 

Criteria 
Original Weight 

Scores 

New Final Weight 

Scores 
New Ranking 

Original 

Ranking 

Transport quality 0.3353 0.35 1 1 

Service quality 0.2629 0.26 2 2 

Fare 0.2122 0.21 3 3 

Tractability 0.1897 0.18 4 4 

 

Having examined several options of small modifications in weight scores and their impact on 

ranking, it was found that a little increase of the weight “Transport Quality” (and parallel a 

small decrease of Service Quality) as shown in Table 4-5, caused the most significant rank 

change in the results. Interestingly, this change indicated the high importance of discounted 

tickets which was among the objectives of the research to examine fare considerations in the 
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system. Even though the change of scores is very minor in the first level, the “Safety of 

travel” attribute fell by five positions for this minor change, and “Discounted tickets” kept or 

even improved its ranking. Thus, level 2 was found to be sensitive, as shown in Table 4-6. 

The element “Safety of travel” gained merely the sixth rank with only a slight modification of 

the respective first-level attribute, the “Transport quality.” Based on this, the element 

“Discounted tickets” can be considered the most important, more stable than the initially 

prioritized “Safety of travel.” 

 

Table 4-6 Weight scores and ranking after the sensitivity check for level 2. 

Criteria 

Original 

Weight 

Scores 

Original Final 

Weight Score  

New Final 

Weight 

Scores 

New Ranking 
Original 

Ranking 

Discounted tickets 0.552 0.115 0.116 1 2 

Info before travel 0.486 0.090 0.087 2 3 

Physical comfort 0.223 0.074 0.078 3 5 

Time availability 0.250 0.064 0.065 4 7 

Speed 0.244 0.063 0.063 5 6 

Safety of travel 0.519 0.174 0.061 6 1 

Weekly/monthly 

tickets 
0.253 0.053 0.053 7 8 

Directness 0.193 0.050 0.050 8 10 

Perspicuity 0.271 0.051 0.049 9 9 

Info during travel 0.254 0.048 0.046 10 11 

One-way tickets 0.211 0.045 0.044 11 12 

Reliability 0.170 0.044 0.044 12 13 

Approachability 0.163 0.042 0.042 13 14 

Mental comfort 0.267 0.088 0.031 14 4 

 

Table 4-7 Weight scores and ranking after the sensitivity check for level 3. 

Criteria 
Original 

Weight Scores 

Original  

Final Weight 

Score. 

New Final 

Weight 

Scores 

New 

Ranking  

Original 

Ranking 

Frequency of lines 0.5581 0.036 0.036 1 1 

Fit connection 0.5996 0.030 0.030 2 2 

Limited time of use 0.4419 0.028 0.029 3 3 

Awaiting time 0.4374 0.027 0.028 4 4 

Comfort of stops 0.5077 0.021 0.022 5 6 

Time to reach stops 0.3343 0.021 0.021 6 5 

Need for transfer 0.4004 0.020 0.020 7 7 

Journey time 0.2375 0.015 0.015 8 8 

Safety of Stops 0.2576 0.011 0.011 9 9 
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Distance to stop 0.2487 0.010 0.011 10 10 

 

As can be seen in Table 4-6, the other attributes proved to be stable in rankings. Table 4-7 

demonstrates the slight change in level 3 after the sensitivity test, and it can be seen that the 

attribute “Comfort of stops“ gained one position and was ranked 5th instead of the 6th 

position, while the attribute “Time to reach endings “ lost one position simultaneously, 

therefore, level 3 is considered more stable than level 2. 

 

4.4  Conclusion 

 

I aimed to introduce a new approach to determining public transport demand by a multi-

criteria decision making (MCDM) model, which integrates the supply quality and fare 

attributes related to the local public bus transport system. Since this study incorporates quality 

and cost type attributes, the conventional AHP was selected as the methodology. The 

application of the model verified the assumption that valuable information can be acquired by 

an AHP survey targeting citizens' preferences towards the improvement of the current public 

transport system. The results proved to be realistic, reflecting the real needs of users and 

providing deeper insights into passenger satisfaction than conventional transport surveys. 

Since public transport system modifications such as increasing or decreasing fares or 

ameliorating certain system elements, e.g., purchasing new buses, are generally top-down 

decisions, the new approach provides further information from the real user side, which might 

be an asset for the decision-makers. 

 

The introduced general model can be suitable for surveying different stakeholder groups in 

arbitrarily sized cities that apply small or large samples. However, it has to be noted that due 

to the large number of pairwise comparisons, the survey procedure is quite demanding and 

requires a lot of time and effort from the evaluators, so gathering responses from several 

passenger respondents might be problematic. This is a disadvantage of the current model. 

Thus, another methodology might be more suitable for a more significant sample than the 

demonstrated AHP technique and questionnaire. Additionally, more recent forms of AHP 

exist in the scientific literature, e.g., fuzzy models, combined models with other MCDM 

techniques such as TOPSIS, Machine Learning, ELECTREE, and after this first study, the 

methodology might be more sophisticated. As another remark for further research, combining 

this model with the other large group of demand determination models, the Discrete Choice 

Modelling techniques might result in an even more reliable analysis of public transport 

demand.The use of incomplete pairwise comparsion matrices reduces the effort of 

respondents.  
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4.5  Thesis 1 
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Evaluating Passenger Demand for Development of the Urban Transport System by an AHP Model with 

the Real-World Application of Amman 

Appl. Sci. 2019, 9(22), 4759; https://doi.org/10.3390/app9224759 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I constructed a dynamical AHP survey to evaluate public
bus transport supply quality for passenger group point of
view. Moreover, I utilized the group AHP to aggregate all
neglecting the group characteristics in order to get
comprehensive and reliable result.

https://doi.org/10.3390/app9224759
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5. An Integrated Decision Support Model for Evaluating Public 

Transport Quality 
 

5.1  Introduction and Contributions 

 

The big cities suffer from complex, severe problems such as air pollution, congestion, and 

traffic accidents. Developing public transport quality in such cities has been considered an 

efficient remedy to prevent these critical issues. The presented work aims to determine the 

significant supply quality criteria of public transportation. As a methodology, a hybrid 

Analytic Hierarchy Process (AHP) combined with the Best Worst Method (BWM) (Rezaei, 

2015) has been applied. The proposed model has been structured basically in a hierarchy 

structure with at least 5×5 pairwise comparison matrix or bigger. A complex real-world 

problem was examined to validate the created model (public transport quality improvement). 

An urban bus transport system in the Jordanian capital city is used as a case study. Amman 

has been selected, and three stakeholder groups (passengers, non-passengers, and local 

government representatives) participated in the evaluation process.  

 

The conventional Analytic Hierarchy Process (AHP) leads to weak consistency in the case of 

existing 5×5 pairwise comparison matrices or, more significantly, particularly in estimating 

complex problems (Alkharabsheh et al., 2019). To avoid this critical issue in AHP, we appiled 

Best Worst Method (BWM) comparisons which make the evaluation process easier for 

decision-makers; moreover, it saves survey time and provides more consistency than AHP 

pairwise comparisons. The adopted model highlighted the most significant service quality 

criteria that influence the urban bus transport system.  Furthermore, the sensitivity analysis 

has been conducted to detect the criteria ranking stability in the three hierarchical structure 

levels. Since the proposed AHP-BWM model (which is the sole example of this sort of 

combination) is independent of the decision attributes, it can be applied to arbitrary 

hierarchically structured decision problems with a relatively large number of pairwise 

comparisons 

 

The new model was developed to compute the final decision for all evaluators using pairwise 

comparisons, the AHP methodology, and the best worst method (BWM), with a new level 

added to the hierarchical model to aggregate evaluators' responses using a dynamical 

approach. For this purpose, the Analytic Hierarchy Process (AHP) was used to depict the 

preferences of various stakeholders related to the public bus transportation system, thereby 

improving the supply quality in Amman. The questionnaire survey was completed by 

passengers, public transportation experts, and municipal officials. 

 

In this chapter, I created a hierarchical model to aggregate the responses of different 

evaluators by adding a new level to the hierarchical structure, and I calculated the final weight 

scores for all criteria in the hierarchical structure. Furthermore, I used the BWM approach to 

reduce the number of pairwise comparisons and improve their consistency. 
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5.2  Methodology 

 

5.2.1  Public Buses Questionnaire (PBQ) survey 

 

The questionnaire survey technique is a predefined series of questions used to collect data 

from individuals (Becker & Albers, 2016; Yuda Bakti & Sumaedi, 2015). Some recent studies 

applied Public transportation questionnaire to assess the real-world situation by considering 

the significant Transport quality factors and interrelations between the observed factors 

(Duleba & Moslem, 2019). This study utilized the Public transportation Questionnaire (PBQ) 

as a tool to collect Preferences of different stakeholders’ data based on perceived Supply 

quality issues. The case study has been conducted for commuter, non-commuter passengers, 

Public Transport experts, and Municipal officials in the Jordanian capital city, Amman. To do 

so, the targeted groups (Passengers, Public Transport experts, and Municipal officials) were 

asked to fill the PBQ by face-to-face technique, which enhanced its reliability. The 

questionnaire survey was designed in two parts: The first part intended to accumulate 

demographic data about the participants, and results are tabulated in  

Table 5-1. 
 

Table 5-1 Pattern characteristics of participated evaluators 

Variables Passengers  Public transport experts  Municipal officials  

N 200 5 5 

Gender (%) 

Male 

Female 

 

51 

49 

 

100 

0 

 

40 

60 

 

The second part of PBQ, designed based on the Saaty scale, analyzes the significant Supply 

quality related to public transport. This study is concerned with studying the current public 

transportation situation in Amman and evaluated to improve any decision related to it. For 

evaluation purposes, the Supply Quality factors are designed in a three-level hierarchical 

structure and symbolize each element with code ‘C’ as shown in Figure 1. As discussed in the 

preceding study, these supply quality factors significantly influence the public transportation 

system (Alkharabsheh et al., 2019; Duleba & Moslem, 2018). 
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Figure 5-1 The hierarchical model of the Public Bus Transportation supply quality criteria 

(Alkharabsheh et al., 2019) 

 

Table 5-2 present the description and definitions of each criterion. Demonstrating these 

definitions facilitated our survey work by explaining each criterion for the evaluators. 

Consequently, the evaluator has understood the model clearly, which makes the preferences 

collection process more accessible. 

 

Supply Quality

Service quality
C1

Approachability C11

Distance to stops C111

Safety of stops C112

Comfort in stops C113

Directness C12

Need of transfer C121

Fit connection C122

Time availability C13

Frequency of lines C131

Limited time of use C132

Speed C14 Journey time C141

Awaiting time C142

Time to reach stops C143

Reliability C15

Transport quality
C2

Physical comfort C21

Safety of travel C22

Mental comfort C23

Tractability
C3

Perspicuity C31

Info before travel C32

Info during travel C33

Fare
C4

Price of one-way tickets C41

Price of weekly/monthly tickets C42

Discounted tickets for pensioners or 
students C43
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Criteria 

Code 

Criteria Definition 

C1 Service Quality”, Everything excluding transport itself 

C2 Transport Quality”, for real time on vehicle 

C3 Tractability”, getting information from every aspect 

C4 Physical comfort”, comfort of seat, crowd, condition air 

C6 Safety of travel”, feeling in safe, accidents in the bus, security 

C31 Perspicuity”, clear understanding for schedule and information 

C32 Information before travel”, amount and quality of information 

C33 Information during travel”, availability, quantity and quality of information 

C11 “Approachability”, of the service before beginning of travel 

C12 “Directness” reaching the destination without shifting vehicles 

C13 “Time availability” the time frame when using certain vehicle 

C14 “Speed”, speed for the time of whole travel process 

C15 “Reliability”, the quality of being trustworthy 

C111 “Distances to stops”, reaching the stops for travel 

C113 “Safety of stops”, subjective feeling, 

C112 “Comfort in stops”, heating and cooling systems, seats 

C121 “Need of transfer”, do passenger has to change or not 

C122 “Fit connection”, between bus lines or between other type of public 

 

Table 5-2 Criteria description (Alkharabsheh et al., 2019) 

 

5.2.2  Overview of the conventional Analytic Hierarchy Process (AHP) 

 

The hierarchical decision structure is descibed in chapter 3, which is constructed from 

complex decision elements (Darko et al., 2019; Saaty, 1990a). The hierarchical data structure 

generally consists of multi-levels. The multi-level concept is a general structure for the 

hierarchy for more explination see chapter 3. The application was used to evaluate several 

transportation complex problems (Farooq et al., 2019a, 2020; Moslem, Ghorbanzadeh, 

Blaschke, & Duleba, 2019; Moslem, Gul, et al., 2020). 

 

Criteria and sub-criteria located, and the importance of the linkages among the criteria in the 

different levels determined by a global score for the criteria in the last level. The main steps 

and equations of the conventional AHP has been introdued in chapter 4. 

 

 

The structure of a (5× 5) consistent theoretical PCMs defined as (2). 
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     (5.1) 

 

  

 

5.2.3  Example evaluation with BWM method for the (5×5) matrix 

 

 The following examples of an evaluator’s estimation regarding the MI and LI criteria 

are presented. 

 

Table 5-3 Example of evaluating service quality criteria compared to the most important one. 

Service Quality Approachability Directness Time availability Speed Reliability 

MI criteria: 

(Directness) 
3 1 5 2 7 

 

 The example of Table demonstrates the scoring of a respondent to the most essential 

criteria, which was “Directness”. The lower number indicates the closeness of specific criteria 

to the most important one. The higher score represents the more significant gap between the 

specific criteria and the most important criteria. 

 

Table 5-4 Example of evaluating service quality criteria compared to the less important one. 

Service Quality Approachability Directness Time availability Speed Reliability 

LI criteria: 

(Reliability) 
4 6 5 3 1 

 

 The evaluator indicated “Reliability” as the less critical criteria to be developed. Thus, 

the higher score represents the more significant gap between specific criteria and the less 

important criteria. 

 Having selected the public transport supply quality criteria and according to the BWM 

logic, the following questionnaire was created.  

 

 • “Please select the most important (MI) and the less important (LI) 

criteria for improving public transport supply quality!” 

 

 • “Please evaluate other criteria  concerning the most important criteria 

by using (1-9) scale!” 
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 • “Please evaluate other criteria  concerning the less important criteria by 

using 1-9) scale!” 

 We demonstrate the detailed calculation of the public transport supply quality criteria’ 

scores for this example 𝑠 = {𝑠1, 𝑠2, 𝑠3, 𝑠4, 𝑠5} computed by applying the BWM LP: 

 

min 𝜉∗  

s.t. 

𝑠2 − 3. 𝑠1 ≤ 𝜉∗ 

𝑠2 − 1. 𝑠2 ≤ 𝜉∗ 

𝑠2 − 5. 𝑠3 ≤ 𝜉∗ 

𝑠2 − 2. 𝑠4 ≤ 𝜉∗ 

𝑠2 − 7. 𝑠5 ≤ 𝜉∗ 

𝑠5 − 4. 𝑠1 ≤ 𝜉∗ 

𝑠5 − 6. 𝑠2 ≤ 𝜉∗ 

𝑠5 − 5. 𝑠3 ≤ 𝜉∗ 

𝑠5 − 3. 𝑠4 ≤ 𝜉∗ 

 

𝑠1 + 𝑠2 + 𝑠3 + 𝑠4 + 𝑠5 = 1  

𝑠1 ≥ 0, 𝑠2 ≥ 0, 𝑠3 ≥ 0, 𝑠4 ≥ 0, 𝑠5 ≥ 0. 

 

 The weight scores for this specific evaluation are the following normalized values: 

𝑠 = {0.177, 0.4049, 0.1062, 0.2655, 0.0465}, and the Consistency Ratio (CR= 0.1261) is 

acceptable being lower than 1.  

 

5.2.4  The proposed AHP-BWM Model 

 

 The proposed model aims to decrease the pairwise comparisons number and improve 

their consistency. We adopt the BWM approach to obtain more consistent pairwise 

comparison matrices for which are 5×5 but also reduce the evaluated number of comparisons. 

This matter reflects the efficiency of the BWM approach in time and effort saving for both 

evaluators and analyzers. 

  In the simple AHP approach, to obtain a completed pairwise comparison matrix for 

𝑛 factor, we need to evaluate 𝑛(𝑛 − 1)/2 PCs. On the other hand, the BWM method requires 

only 2𝑛 − 3 PCs. This matter shows the efficiency of BWM in time and effort saving for both 

decision-makers and analyzers.  

 In the first level of the hierarchical model, the evaluators filled the matrix by factors 

with symbols 𝑃𝐶12, 𝑃𝐶13, 𝑃𝐶23 to compare PC1, PC2, and PC3.  

 In the pure AHP, the evaluator has to evaluate twenty-eight comparisons (12 

comparisons for four (3×3) matrices + 1 comparison for one (2×2) matrix + 15 comparisons 

for (6×6) matrix). 
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 However, in the proposed AHP-BWM model, the evaluator has to evaluate only 

twenty comparisons. The main steps of the proposed AHP-BWM model are discussed in 

Figure 5-2. 

 

 

 
Figure 5-2 Steps of the proposed BWM-AHP model 

 

5.3  Results and Discussion 

 

The AHP-BWM model was applied based on the size of matrices to evaluate the Supply 

quality factors related to public transportation more effectively. Firstly, the analytic hierarchy 

process was used for the hierarchical structure containing one (4×4) matrices, five (3×3) 

matrices, and two (2×2) matrices. Then, the BWM was applied in the second level for the 

(5×5) matrix to compute the weight scores; this method helps us perform only 7 comparisons 

for the (5×5) matrix instead of 10 comparisons based on AHP. Furthermore, the reliability of 

the PBCs consistency in AHP and BWM was checked, and it was acceptable for all of them. 

The aggregated scores for C11, C12, C13, C14, and C15 are depicted in Table7. 

 

 Table 6 presents the weights and scores results for stakeholders in sequence (Passengers, 

Public Transport Experts, and Municipal Officials). An AHP survey has been conducted in 

Amman, Jordan, to examine participants’ views on the supply quality of the public bus 

transport system. The optimal purpose was to provide Amman Municipality with a 

comprehensive evaluation approach for ranking public bus transportation development project 

proposals from public and governmental needs. Participants groups consist of three groups 

(Passengers, Public transport experts, and Municipal officials). The author believes that these 



 

46 

 

three groups are the main to success the public transport system, especially the first group 

(Passengers) because if they got satisfied the demand will be as expected and maybe more. 

Consequently, the strategy will succeed.  

 

 The properties of the conducted survey based on the model were the followings: 

• 210 evaluators from different groups (5 Municipal officials + 5 public 

transport experts in the relevant field + 200 public passengers) participated. 

Although participants' numbers are clearly not statistically representative, 

nevertheless, all MCDM techniques (including AHP) give a deeper insight 

based on pairwise comparisons than simple statistical surveys (Saaty, 1990b). 

• Randomly selecting the participants, the 5 public transport experts work in the 

transportation field and possess sufficient experience, while the 5 municipal 

officials work in Amman municipality and have enough experience.  

• The survey data had been collected during January, February 2020 and was 

analyzed in March 2020. 

• The approximate time of evaluating the created questionnaire for Passenger 

participants was 25 minutes. In comparison, public transport experts and 

municipal officials took approximately 20 minutes, and the results were highly 

consistent. A mentor helped both groups in the evaluation, resulting in 

relatively good consistency with CR less than 0.1 for three participating 

groups. 

 

Based on the final weight scores for the first level ( 

Table 5-5), ‘Transport Quality C2’ improvement initiations such as improvement in physical 

comfort, mental comfort, and safety of travel to raise passenger satisfaction, which might be 

effective in the case of Amman. While the municipal officials see that improving the ‘Supply 

Quality C1’ is the top priority, purchasing new buses to raise Municipal officials’ satisfaction 

might be effective. But Public transport experts have chosen ‘Tractability C3’ as a top priority 

to be improved in the first place. This schism between the three stakeholders is interesting and 

leads to an optimal solution. there is no unified decision between the three decision-makers on 

one of the factors to improve it in the first level .’Service quality’ has the third rank between 

the supply quality factors from the passenger's point of view. At the same time, the public 

transport experts evaluated it in the 8th position among the supply quality factor, which means 

that C1 is not the priority to be improved from their point of view, as shown in  

Table 5-5. 
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Table 5-5 The final weights & Level ranks for the factors in the first level. 

Factor Decision Maker Weight Rank  

C1 

Passengers  0.2076 3 

Public Transport Experts  0.1188 4 

Municipal Officials 0.3473 1 

C2 

Passengers  0.3559 1 

Public Transport Experts  0.2654 2 

Municipal Officials 0.2771 2 

C3 

Passengers  0.1995 4 

Public Transport Experts  0.3754 1 

Municipal Officials 0.191 3 

C4 

Passengers  0.2371 2 

Public Transport Experts 0.2404 3 

Municipal Officials 0.1846 4 

 

 
Figure 5-3 The main factors ranks based on the different group preferences in the first level. 

 

 The combined AHP-BWM model was applied due to three (3×3) matrices (AHP) and 

one (5×5) matrix (BWM). Level 2. results exhibit this phenomenon more explicitly (see 

Table 5-6),’ Mental comfort C23’ has the priority as it’s ranked on the first position to be 

improved for the three groups. (JOEWONO & KUBOTA, 2006) worked on public 

transportation safety in developing countries to improve it by conducting a specific schedule.  

 

This underlines the necessity of reorganizing the public bus network in the city or might hint 

at examining the driver's behavior of public buses and initiating the training them to avoid and 

minimize the safety of travel issues. Accordingly, the mental comfort for the passengers will 

be improved. While  “Discounted tickets for pensioners or students C43” has the priority to be 

0

1

2

3

4

C1 C2 C3 C4

Passengers Public Transport Experts Municipal Officials
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improved from the passenger's evaluation perspective, ‘Directness C12’ is a second  priority 

for municipal officials to be improved in the second place in level 2 due to their believe this 

criterion will raise the demand on public buses in the city.’ Info before travel C32’ has the 2nd 

position for public transport experts. The experts believe that initiating a new mobile 

application to let the traveler know more about the journey will raise the reliability and 

demand for public transportation more than the current situation. Applying the AHP-BWM 

model resulted in more consistent weights, facilitating the completion of prepared 

questionnaires for the decision-makers. 

 

 

Table 5-6 The final weights & ranks for the factors in the second level 

Criteria 

Name 

Passengers Public Transport Experts Municipal Officials’ 

Weight 

Score 

Final 

Weight 

Score 

Rank 
Weight 

Score 

Final 

Weight 

Score 

Rank 
Weight 

Score 

Final 

Weight 

Score 

Rank 

C11 0.0906 0.0188 13 0.1176 0.014 13 0.0909 0.0316 11 

C12 0.1087 0.0226 12 0.1961 0.0233 11 0.5137 0.1784 2 

C13 0.4719 0.0980 3 0.4779 0.0568 9 0.2122 0.0737 3 

C14 0.2717 0.0564 8 0.1471 0.0175 12 0.1273 0.0442 8 

C15 0.0572 0.0119 14 0.0613 0.0073 14 0.0558 0.0194 14 

C21 0.2499 0.0889 6 0.1825 0.0484 8 0.2203 0.0610 6 

C22 0.2557 0.0910 4 0.1908 0.1663 7 0.2622 0.1434 5 

C23 0.4944 0.1760 1 0.6267 0.0506 1 0.5175 0.0727 1 

C31 0.2936 0.0586 7 0.3187 0.1196 3 0.2525 0.0482 12 

C32 0.4490 0.0896 5 0.4930 0.1851 2 0.3688 0.0705 9 

C33 0.2574 0.0513 10 0.1883 0.0707 6 0.3787 0.7230 10 

C41 0.1993 0.0473 11 0.1616 0.0389 10 0.3926 0.0725 4 

C42 0.2227 0.0528 9 0.3159 0.0759 5 0.3540 0.0653 7 

C43 0.5780 0.1370 2 0.5225 0.1256 4 0.2534 0.0468 13 
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Figure 5-4 The sub-factors rank based on the different group preferences on the second level. 

Table 5-7 presents the stakeholder results for level three in sequence (Passengers, Public 

Transport Experts, and Municipal Officials). For the third level, the model results showed ‘Fit 

connection’ (C122) as the most significant supply quality factor related to public 

transportation from the municipal officials’ preferences. This result can be justified as that 

connection between bus lines, routes, or between buses and other types of public modes are 

essential to ensure the directness of the system (X. Chen, Yu, Zhang, & Guo, 2009). Though 

‘Frequency of lines’ (C131) is the most important criteria that need improvement from the 

passenger's point of view. Same as passengers, the public transport experts evaluated  the 

‘Frequency of lines’ (C131) as a priority to be improved subsequently, the model results 

observed ‘Distance to stop’ (C111) at the last position criterion for both passengers and 

Municipal officials’ which means that it can be as a previous point on the list to be improved 

 

Table 5-7 The final weight & ranks for the factors in the third level 

Criteria  

Name  

Passengers Public Transport Experts  Municipal officials’ 

Weight 

Score   

Final 

Weight 

Score   

Rank  
Weight 

Score   

Final 

Weight 

Score   

Rank 
Weight 

Score   

Final 

Weight 

Score   

Rank 

C111 0.1913 0.0036 10 0.2379 0.033 9 0.1991 0.0063 10 

C112 0.2144 0.0040 9 0.5011 0.007 8 0.2976 0.0094 9 

C113  0.5943 0.0112 7 0.2610 0.0036 10 0.5033 0.0159 6 

C121 0.2996 0.0068 8 0.3137 0.0073 5 0.3777 0.0674 4 

C122 0.7004 0.0158 5 0.6863 0.016 3 0.6223 0.111 1 

C131 0.6569 0.0644 1 0.5217 0.0296 1 0.4088 0.0301 3 
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C132 0.3431 0.0336 2 0.4783 0.0272 2 0.5912 0.0436 2 

C141 0.2182 0.0123 6 0.2233 0.0039 7 0.2347 0.0104 8 

C142 0.4102 0.0231 3 0.4662 0.0081 4 0.4532 0.02 5 

C143 0.3716 0.0210 4 0.3105 0.0054 6 0.3121 0.0138 7 

 

 

 

 
Figure 5-5 The sub-factors rank based on the different group preferences on the third level. 

 

5.3.1 Sensitivity analysis 

 

The final priorities of the alternatives are highly reliant on the weights linked to the main 

criteria. Minor changes within the relative weights can, therefore, cause major changes in the 

final ranking. Since these weights are usually based on highly subjective evaluation and 

judgments, the stablility of the order under varying criteria weights is to be tested. For this 

purpose, sensitivity analysis can be performed based on scenarios that reflect alternative 

future developments or different views on the relative importance of the criteria (Chang, Wu, 

Lin, & Chen, 2007). Through increasing or decreasing the weight of individual criteria, the 

resulting changes within the priorities and thus the ranking of the alternatives are often 

observed. Sensitivity analysis, therefore, provides information on the stablility of the ranking. 

If the ranking is extremely sensitive to small changes within the standards weights, a careful 

review of the weights is usually recommended.  In addition to this, decision criteria should be 

included as a sensitive ranking point to the weak discrimination potential of this set of criteria.  

For this purpose, the weights of the important criteria are separately altered, simulating 

weights between 0% and 100%. 
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Performance sensitivity of alternatives has been analyzed for the three decision groups. For 

the passenger's group (see Table 5-8), when 'Transport Quality’ is increased to be .3600 

instead of .3559, this change has not affected the first level, and each criterion kept its’ 

position. In contrast, the change has been detected in the second level, “Physical comfort” 

became in the 5th position instead of “Info before Travel” criteria. In contrast, in the third 

level, the ‘ Safety of Stops’ criteria become in the 7th position instead of ‘ Comfort of stops,’ 

which means minor changes are detected for the passengers’ group.  

 

Table 5-8 Weight scores and Ranking after the sensitivity Check for Passenger group 

Level Criteria 
Weight 

scores 

New final weight 

scores 

New 

Ranking  

Old 

Ranking 

 

Level 1 

Transport Quality 0.3559 0.36 1 1 

Service quality 0.2076 0.21 3 3 

Fare 0.2371 0.23 2 2 

Tractability 0.1995 0.2 4 4 

Level 2 

 

Approachability 0.0188 0.0190 13 13 

Directness 0.0226 0.0228 12 12 

Time availability 0.0980 0.0991 3 3 

Speed 0.0564 0.0571 8 8 

Reliability 0.0119 0.0120 14 14 

Physical comfort 0.0889 0.0900 5 6 

Mental comfort 0.0910 0.0920 4 4 

Safety of travel 0.1760 0.1780 1 1 

Perspicuity 0.0586 0.0587 7 7 

Info before travel 0.0896 0.0898 6 5 

Info during travel 0.0513 0.0515 9 10 

one-way tickets 0.0473 0.0458 11 11 

weekly/monthly 

tickets 
0.0528 0.0512 10 9 

Discounted tickets 0.1370 0.1329 2 2 

Level 3 

Distance to stop 0.0036 0.0036 10 10 

Safety of Stops 0.0112 0.0113 7 9 

Comfort of Stops 0.0040 0.0041 9 7 

Need for transfer 0.0068 0.0068 8 8 

Fit connection 0.0158 0.0160 5 5 

Frequency of lines 0.0644 0.0651 1 1 

Limited time of use 0.0336 0.0340 2 2 

Journey time 0.0123 0.0124 6 6 

Awaiting time 0.0231 0.0234 3 3 

Time to reach stops 0.0210 0.0212 4 4 

 

For the public transport expert group, the change of scores is very minor in the first level and 

did not change the criteria's position. Still, in level 2, some changes have been observed due 
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to the sensitivity analysis check. The “Info before travel” attribute becomes the 1st position for 

this minor change, and ‘Time availability‘ improved its ranking in the 7th position. Thus, level 

2 has been found sensitive (shown in Table 5-9). The “Physical comfort & Mental comfort 

“fell by one place. In level 3, the attributes have been proved to be stable in rakings, 

especially the first 5 positions, while the ranking has been changed, as shown in Table 5-9.  

 

 

Table 5-9 Weight scores and Ranking after the sensitivity Check for Public Transport Expert group 

Level Criteria 
Weight 

scores 

New final 

weight scores 

New 

Ranking 
 

Old 

Ranking 

 

Level 1 

Transport Quality 0.1188 0.1200 4 4 

Service quality 0.2654 0.2600 2 2 

Fare 0.3754 0.3800 1 1 

Tractability 0.2404 0.2400 3 3 

Level 2 

 

Approachability 0.0140 0.0141 13 13 

Directness 0.0233 0.0235 11 11 

Time availability 0.0568 0.0574 7 9 

Speed 0.0175 0.0176 12 12 

Reliability 0.0073 0.0074 14 14 

Physical comfort 0.0484 0.0475 9 8 

Mental comfort 0.0506 0.0496 8 7 

Safety of travel 0.1663 0.1629 2 1 

Perspicuity 0.1196 0.1211 4 3 

Info before travel 0.1851 0.1873 1 2 

Info during travel 0.0707 0.0716 6 6 

one-way tickets 0.0389 0.0388 10 10 

weekly/monthly 

tickets 
0.0759 0.0758 5 5 

Discounted tickets 0.1256 0.1254 3 4 

Level 3 

Distance to stop 0.0033 .0034 10 9 

Safety of Stops 0.0070 .0071 6 8 

Comfort of Stops 0.0036 .0037 9 10 

Need for transfer 0.0073 .0074 5 5 

Fit connection 0.0160 .0161 3 3 

Frequency of lines 0.0296 .0229 1 1 

Limited time of use 0.0272 .0274 2 2 

Journey time 0.0039 .0039 8 7 

Awaiting time 0.0081 .0082 4 4 

Time to reach stops 0.0054 .0055 7 6 

 

For the Municipal Official’s group, interestingly, the change has an effect on the score 

positions for criterion when the weight of the 'Transport Quality' criteria has been modified 

from .3473 to be .3500 the ranking has been changed in the first level, ‘Fare’ has become in 
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the 3rd position instead of ‘Tractability,’ but in level 2 some changes have observed due to the 

sensitivity analysis check the “Directness” attribute become the in the 1st position for this 

minor change and Safety of travel’ become in the second position. Hence, level 2 has been 

found sensitive (shown in Table 5-10). On the other hand, level 3 has been affected by the 

sensitivity check, but ‘Fit connection’ proved to be stable even when the sensitivity check has 

been conducted and kept 1st position to be improved in its’ level. Nevertheless ‘Need of 

transfer’ criterion becomes in the second position instead of the 4th position (See Table 5-10). 

 

Table 5-10 Weight scores and ranking after the sensitivity Check for Municipal Official’s group 

Level Criteria 
Weight 

scores 

New final 

weight scores 

New level-

wise Ranking  

Old level-wise 

Ranking 

 

Level 1 

Transport Quality 0.3473 0.3500 1 1 

Service quality 0.2771 0.2700 2 2 

Fare 0.1910 0.2000 3 4 

Tractability 0.1846 0.1800 4 3 

Level 2 

 

Approachability 0.0316 0.0318 13 11 

Directness 0.1784 0.1798 1 2 

Time availability 0.0737 0.0743 4 3 

Speed 0.0442 0.0446 12 8 

Reliability 0.0194 0.0195 14 14 

Physical comfort 0.0610 0.0595 9 6 

Mental comfort 0.0727 0.0708 6 5 

Safety of travel 0.1434 0.1397 2 1 

Perspicuity 0.0482 0.0505 10 12 

Info before travel 0.0705 0.0738 5 9 

Info during travel 0.0723 0.0757 3 10 

one-way tickets 0.0725 0.0707 7 4 

weekly/monthly 

tickets 
0.0653 0.0637 8 7 

Discounted 

tickets 
0.0468 0.0195 11 13 

Level 3 

Distance to stop 0.0063 0.0063 10 10 

Safety of Stops 0.0094 0.0095 9 9 

Comfort of Stops 0.0159 0.0160 6 6 

Need for transfer 0.0674 0.0679 2 4 

Fit connection 0.1110 0.1119 1 1 

Frequency of lines 0.0301 0.0304 4 3 

Limited time of 

use 
0.0436 0.0439 3 2 

Journey time 0.0104 0.0105 8 8 

Awaiting time 0.0200 0.0202 5 5 

Time to reach 

stops 
0.0138 0.0139 7 7 
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5.3.2 Comparison of the proposed AHP-BWM model with traditional AHP and BWM 

approaches 

 

 The following table shows the basic differences between the proposed model and the 

pure AHP approach taking into consideration the constructed hierarchy structure of public bus 

transport supply quality.  

 

 

Table 5-11 The main difference between the proposed model and the pure AHP and BWM 

approaches. 

 AHP BWM AHP-BWM 

Pairwise 

comparison 

numbers 

33 29 30 

Average 

evaluation time  

(minutes) 

35 29 32 

Consistency 

status 

Weak consistency in case 

of existing 5 × 5 PCMs 

or bigger 

High transparent 

consistency but might 

contain a hidden 

inconsistency 

Generate more 

consistency comparing to 

pure AHP in case of 

existing 5 × 5 PCMs or 

bigger 

 

As Table 5-11 demonstrates, the proposed AHP-BWM model is between the AHP and BWM 

models from pairwise comparisons, evaluation time, and level of consistency. However, we 

have to emphasize that although BWM has a significant practical advantage compared to 

AHP due to the less demanding evaluation phase, AHP covers all possible pairwise 

comparisons among the decision attributes. Thus, AHP provides more information on the 

relation of the attribute pairs than BWM. Thus, the created AHP-BWM combines the 

advantages of the two original methods. It preserves the complete information of AHP in the 

case of smaller pairwise comparison branches in the decision structure. Still, in those cases in 

which total pairwise comparisons would be demanding and probably inconsistent, it applies 

BWM. 

 

5.3.3 AHP-BWM versus SAW and SEM 

 

Since public transport quality evaluations are generally conducted by two mainstream model 

techniques; the Simple Additive Weighting (SAW) (Wang, 2015), and by the Structural 

Equation Modelling (SEM),(Shen, Xiao, & Wang, 2016), we present the comparison of our 

proposed AHP-BWM model with them. Obviously, the survey procedure is very different for 

the three different methodologies, so the comparison is just based on qualitative aspects. 
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Table 5-12 Comparison of the proposed method with mainstream techniques 

 SAW SEM AHP-BWM 

Evaluation logic comparisons 
direct 

evaluations 
comparisons 

Average 

evaluation time   
high low middle 

Consistency 

status                          
low low high 

Non-hierarchical 

connections 

among attributes 

not allowed 

allowed         

and    

computed 

not allowed 

 

Table 5-12 shows that the new method is competitive with the two other general 

methodologies, especially when consistency is vital for the decision-makers. Obviously, SAW 

and SEM are well-applicable, and SAW can be recommended when low consistency is not a 

risk in the final derivation of the scores of attributes. SEM is suggested in those cases in 

which the interactions of the attributes are possible and important from the aspect of the final 

result. 

 

5.4  Conclusion 

 

Creating the appropriate methodology is a crucial issue in every survey-based decision 

support. The gained results need to provide sufficient information for the analysis but 

simultaneously, the survey should be easy to conduct without burdening the respondents with 

complex and time-consuming questionnaires. 

 

Based on our results, the integrated AHP-BWM model fulfils these requirements. Amending 

AHP on the selected level of the decision hierarchy avoids the huge number of pairwise 

comparisons while maintaining the consistency requirement of the evaluations. Obviously, in 

BWM, we lose some information due to the reduced comparisons that is why we kept the 

AHP for the other levels. We can conclude that there is a trade-off between the information 

gained by the responses and the saving of time and energy for the respondents in the survey 

process. However, the introduced AHP-BWM model can balance these two conflicting 

criteria and make the survey closer to optimal. 

 

The presented analysis and results indicate that the consistency of the responses is provided 

both for the AHP and BWM parts. Moreover, the gained priority ranking is robust, proven by 

the conducted sensitivity check. The new model requires a simple questionnaire with a 

relatively short response duration and high response rate. Further, the computational time of 

the analysis is low without the need for a colossal calculation capacity. The results are 

understandable and easy to present for the decision-makers. 
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The limitation of the research is the representativity of the survey pattern, which could be 

extended in future studies. Also, a comparison with other techniques, for instance, Structural 

Equation Modelling (SEM) is recommended to reveal similarities and differences of the 

gained attribute priorities. 

As remark for further research, other applications are suggested to discover the fundamental 

nature of the proposed hybrid AHP-BWM model concentrating on the benefits and still 

uncovered pitfalls of the methodology.   

 

 

 

 

5.5  Thesis 2 
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I developed a novel technique for intelligently aggregating the final scores 
of all evaluators by assigning weights to participant groups based on their 
significance in the decision. Additionally, the BWM technique was used to 
generate more consistent pairwise comparison matrices for (5*5) and 
reduce the number of evaluated comparisons.
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6. An Integrated Approach of Multi-Criteria Decision- Making 

and Grey Theory for Evaluating Urban Public 

Transportation Systems 
 

 

6.1  Short Summary  

Improving the local urban transport system’s quality is often seen as one of the critical 

points for the government and the local operator. An amelioration of the system can improve 

users’ satisfaction and attract new users while simultaneously decreasing traffic congestion 

and pollution. Efficient methodologies are required to achieve sustainable development 

regarding complex issues associated with traffic congestion and pollution. In this chapter, we 

propose using the analytic hierarchy process (AHP) grey values to overcome the limitations 

of the uncertainty in the classical AHP approach. The presented grey-AHP model assumes an 

efficient contrivance to facilitate the public transport system’s supply quality evaluation, 

especially when respondents are non-experts. Finally, we estimate and rank the public 

transport system’s supply quality criteria by adopting the proposed model for a real-world 

case study (Amman city, Jordan). The study’s outcome shows the effectiveness and the 

applicability of the developed approach for enhancing the quality of the public transport 

system.  

 

6.2  Introduction and Contributions 

 

Transportation is vital for economic activities and the residents' daily lives as it facilitates the 

movement of goods and people, thus boosting the economy (Hensher, 2019). One of the 

significant issues in the transportation field is travel demand analysis and forecasting 

(Banister & Berechman, 2000). This matter, therefore, receives special attention in academic 

and applied transportation planning (Rasouli & Timmermans, 2012). Developing the public 

transportation system in a city reduces congestion and pollution (air and noise) due to 

reducing private cars when it reaches the point where the citizens start relying on public 

transportation instead of using personal vehicles (Bull, 2004). The car accident rate most 

likely also decreases (Soehodho, 2017). 

 

The development and improvement of public transportation will positively impact the 

economy of the city and the country. For example, the impacts on travel time/cost, access, and 

spending positively affect income. In addition, public transport passengers and private car 

users will save time and cost by the developed transit service and enhanced business 

productivity. Moreover, a well-developed public transportation system creates job 

opportunities and improved access to business districts, and also, capital investment and 

operations spending boost the general economy (Public & Association, 2014). 

The bus service quality's main factors are service mobility and accessibility, the number of 

bus lines and service frequency, hours of operation, and service reliability. In addition, the 

design of efficient improvements requires us to model the service users' attitude and 

satisfaction by considering the perceived quality resulting from users' personal experience and 
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the expected change, which determines what users desire from an efficient public transport 

service (Paquette et al., 2012).  

 

Different methods are widely used in assessing urban transport infrastructure. For instance, 

(Redman, Friman, Gärling, & Hartig, 2013) contributed to a better understanding of public 

transport quality that is most likely to attract car users to use public transportation instead of 

cars to reach sustainability in the transportation sector. Consequently, to decrease the 

pollution and other negative consequences of using private cars. (Mokonyama & Venter, 

2013) evaluated the main public transportation criteria, including comfort, punctuality, price, 

and directness, to attract more users to use Public Transportation (PT) to contribute to the 

city's sustainability. (Hine & Scott, 2000) analyzed citizens' preferences to determine what is 

perceived as a convenient distance to improve public transportation in Calgary, Canada. 

 

Similarly, (Pantouvakis & Lymperopoulos, 2008) evaluated the importance of physical 

elements on passenger satisfaction in the public transport sector. (Del Castillo & Benitez, 

2012) Assessed the quality of public transportation services. Taking a different perspective, 

(Lai & Chen, 2011) pointed out the particular elements influencing public transit passengers' 

behavioral intentions using a Structural Equation Model for describing customer satisfaction. 

The authors also analyzed the passenger perception of electronic transport service quality. 

(Chiou & Chen, 2012) stated that a lack of joy at a particular stage would negatively affect the 

customer perception of the consequent service stage in a multistage passenger transportation 

sequence. Customer demand and satisfaction could also be approached as a decision problem 

(Duleba & Moslem, 2019).  

 

Multi-Criteria Decision-Making (MCDM) techniques are widely used to support decision-

makers in finding the best solution for their decision problems in many sectors. For example, 

in logistic, industrial, and public transport sectors. For instance, (Sałabun, Wątróbski, & 

Shekhovtsov, 2020) conducted a comparative study of the TOPSIS, VIKOR, COPRAS, and 

PROMETHEE II approach to benchmark selected Multi-Criteria Decision Analysis (MCDA) 

methods. 

 This matter is more important for complex issues such as the development of an urban public 

transportation system. Accordingly, many scholars have been using MCDM techniques to 

facilitate the decision-making process and enhance its accuracy and reliability. MCDM 

techniques, and the Analytic Network Process (ANP) in particular, have been widely used to 

reveal the relationships among the evaluation criteria in several studies in different fields. For 

example, (Duleba et al., 2012) utilized the Analytic Hierarchy Process (AHP) in a public 

transportation project in Japan to support policymakers in improving the public transportation 

system. (Alkharabsheh et al., 2019) Deployed AHP method to evaluate transport demand in 

Amman by conducting a hierarchal-based questionnaire. (Basile, Persia, & Usami, 2010) 

selected AHP approach to examine pedestrian crossings' safety affected by multiple factors 

and infrastructure characteristics of vehicle and pedestrian traffic levels. (Belošević, Kosijer, 

Ivić, & Pavlović, 2018) applied a group decision-making process to early-stage evaluations of 

infrastructure projects and used the results to evaluate the transportation infrastructure 
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projects' effectiveness. In addition, (Duleba & Moslem, 2018) combined AHP and Kendall 

rank correlation for a consensual model that examines the agreement between three different 

groups (passengers, non-passengers, and government representatives) according to the 

hierarchical supply quality model, to point out potential amelioration axes for a public 

transport network in a Turkish city, Mersin. 

 

However, complex problems usually encompass several criteria and sub-criteria at different 

levels and input information from various sources (Ghorbanzadeh, Feizizadeh, et al., 2018). 

Although the AHP offers an exquisite method for analyzing decisions, some scholars believe 

that expert opinion largely influences its results (Çelikbilek, 2018). As the classical AHP 

cannot deal with inherent uncertainty, it cannot provide appropriate solutions for decision-

makers. Therefore, several studies have optimized the AHP by integrating it with various 

mathematical theories and calculations (Ghorbanzadeh, Moslem, Blaschke, & Duleba, 2018). 

(Nalmpantis, Roukouni, Genitsaris, Stamelou, & Naniopoulos, 2019) involved AHP in an 

integrated methodology to evaluate public transportation operations because implementing a 

simple list of innovations was futile. They found that it was crucial to rank various 

contributing factors for improving the public transportation system and showed which service 

criteria were most relevant and essential to improving the public transportation system. 

(Shafabakhsh, Hadjihoseinlou, & Taghizadeh, 2014) constructed a fuzzy decision-making 

technique to determine the most suitable public transportation mode to access the 

international Sari Airport. They integrated fuzzy-AHP with the Technique of Order 

Preference Similarity to the Ideal Solution (TOPSIS) approach. Their results indicated that a 

train system was the most appropriate solution for the examined transport problem. (Moslem 

et al., 2019) combined fuzzy-AHP and interval-AHP to create consensus among different 

stakeholders in transport. To reduce the uncertainty of non-expert evaluators, the authors have 

deployed a fuzzy-AHP approach to support government decision-makers to highlight the 

expected supply of quality services that could increase public transport users (Moslem & 

Duleba, 2019). 

 

Many researchers have adopted the AHP in a fuzzy environment to avoid the ambiguity and 

uncertainty caused by the evaluators. The fuzzy-AHP also has been applied in several studies 

to solve transport problems such as customer experience and efficiency (Dogan, Deveci, 

Canıtez, & Kahraman, 2020; Moslem, Gul, et al., 2020; K.-S. Park et al., 2018; Soner, Celik, 

& Akyuz, 2017). Researchers have discussed how MCDM can handle uncertainty. For 

instance, (Riaz, Sałabun, Athar Farid, Ali, & Wątróbski, 2020) introduced several aggregation 

operators in the framework of q-rung orthopedic fuzzy numbers (q-ROFNs) as it support 

representing vague information that occurs in the real situation, while (Kizielewicz & 

Sałabun, 2020) presented stochastic optimization techniques and the characteristic object's 

method (COMET) to solve the challenge when new decision-making variants emerge. In 

addition, (Faizi, Sałabun, Ullah, Rashid, & Więckowski, 2020) conducted a new approach to 

assist the decision-making in uncertain environments. 
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In their research, (Li, Fan, Shaw, & Qi, 2017) deployed a fuzzy-AHP approach to evaluate 

transit systems' overall performance across different Urbanized Areas (UZAs) in the United 

States of America. The UZAs were categorized into six peer groups based on population to 

identify high-performing UZAs and less suitable for identifying the weakest performers. 

(Salavati, Haghshenas, Ghadirifaraz, Laghaei, & Eftekhari, 2016) utilized the AHP approach 

to define the relevant criteria for the systematic technique to evaluate and prioritize multiple 

candidates for public transport investment to serve the travel demand while considering the 

current public's state transportation system and road network conditions of Isfahan, Iran.  

 

The grey number approach is a concept from grey theory, proposed by Deng,1982 to deal 

with insufficient incomplete information. The grey set's main advantage compared to the 

fuzzy sets is the reduced complexity of the calculation process and the benefit of generating 

more robust outcomes. 

 The grey system compares several uncertain system models (Liu, Forrest, & Yang, 2011). 

We took advantage of Grey-AHP in this study to overcome the associated uncertainty of the 

AHP in weighing and ranking the criteria using citizens' preferences. Many researchers 

currently combine the advantages of Grey theory and AHP approaches to ensure the accuracy 

and objectivity of weight coefficients such as (Moslem & Çelikbilek, 2020). The crisp 

numbers also have lower computational complexity than fuzzy numbers. Scholars from 

different fields have used the Grey-AHP to study, analyze, and solve various real-world 

decision problems. For example, in Tehran, (Baradaran, 2017) examined the risks and hazards 

associated with an urban railway system using Grey-AHP to identify the existing dangers and 

prioritize the risks to identify appropriate actions to reduce the probability and severity 

thereof. In China, (Bu, Guo, & Chen, 2010) highlighted the strength of Grey-AHP in 

overcoming the conventional AHP evaluation for crime prevention by proposing a practical 

evaluation approach that combines the benefits of the AHP and a grey clustering method to 

ensure the accuracy and objectivity of weight coefficients.  

In this chapter, the Grey-AHP approach is adopted to cope with the associated uncertainty of 

AHP in weighing and ranking the criteria using the passengers' preferences to identify 

solutions for public transport supply quality in Amman. 

 Public travel demand is considered the aggregation of decision-makers preferences related to 

the journey's quality and price. It must be emphasized that this approach has a priori 

advantages and shortcomings compared to the traditional models. Besides, the motivations of 

travel, just as activity-based applications, are not detected. However, MCDM modeling has 

significant benefits for demand modeling. Applying the proposed methodology makes it 

possible to gain more reliable information on users' attitudes to public bus transportation 

quality and fare factors. We evaluated service elements and users' expressed preferences for 

improvements, including the fare, which indirectly reflect the travel demand and thus support 

strategic decisions related to increasing this demand. Grey-AHP provides a clear overview of 

the decision (demand) elements, which is well-applicable in questionnaire-based passenger 

surveys. 
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In this Chapter, I conducted the questionnaire survey and used the grey numbers-AHP approach 

to aggregate the data and compute the final scores. 

 

6.3  Methodology  

 

In this section, first, we introduce the public transport situation of the case study, Amman city 

in Jordan There is a current problem in the city as the number of car accidents has been 

increasing over the past few years in the examined city, Amman, following the government's 

decision in 2008 to lift its subsidies on fuel and periodically revise fuel prices in Jordan to 

reflect worldwide market prices. The city's growing unplanned populated area has reduced 

public transportation quality, and accessibility increased traffic jams and weakened the 

inadequate public transport systems in 2008, inflation and the government's decision to lift its 

subsidies on fuel reduced public transportation quality and accessibility in the city (Smadi, 

Management, & Municipality, 2013). 

 

The public transport fleet in the national capital consists of smaller vehicles operated by either 

freelance operators or small firms. The fleet consists of buses, minibusses (or coasters), 

jitneys (fixed-route taxis), and regular cabs. Table 6-1 presents an overview of the fleet 

composition, showing the number of vehicles, operators, and routes per vehicle type. As 

shown in Table 6-1, there is a large proportion of usual (yellow) taxis in Amman. These taxis 

are considered cheap and often used by commuters, which is far less common in many other 

cities worldwide. Table 6-1 also shows that the jitneys area unit runs on an associate degree 

owner-operator basis. 

 

Table 6-1. Fleet composition of Amman's public transport system  (Imam, 2014) 

Type Operators Vehicles Routes 

Buses 15 470 96 

Minibuses (Coasters) 307 440 148 

Jitneys 3215 3257 70 

Regular Taxis 280 10636 - 

 

To support transport development decisions, the well-known AHP approach was created to 

deal with complex service attributes by converting them into a hierarchical structure and 

rating the criteria and the alternatives (Wind & Saaty, 1980). The classic version of AHP, 

which was created by (Saaty, 1990b), has been applied by several authors in the transportation 

field to evaluate and select the best solution for various problems (Farooq, Moslem, & 

Duleba, 2019b; Ghorbanzadeh, Moslem, et al., 2018). However, the classical AHP did not 

seem satisfactory in our case due to the high risk of receiving vague responses from citizens 

during the evaluation process. Therefore, instead of selecting any of the fuzzy type AHP 

models, after a negotiation with the decision-makers, we decided to apply grey AHP. The 

advantages of the grey set compared to the fuzzy sets is the reduced complexity of the 

calculation process and the that it generates more robust outcomes. 
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The hierarchy tree (See Figure 6-2. ) establishes Pairwise Comparison Matrices (PCMs) 

among the four main criteria in the first level and 24 sub-criteria in the following groups. The 

hierarchy has been conducted according to the Saaty approach (Karayalcin, 1982). After 

collecting the required data, the geometric mean technique was used to aggregate the 

evaluators' responses (as Saaty suggests for avoiding rank reversal). Then the final scores 

were computed and prioritized. Finally, we carried out a consistency check to ensure the 

quality and trustworthiness of the collected data following the consistency ratio measure of 

AHP. The mathematical concept for the grey theory was borrowed from (Julong, 1988), 

which was developed to deal with uncertain conditions and insufficient information. 

We conducted a grey logic approach in the form of a questionnaire survey with a greyscale. 

Then, the following equations were applied to compute the newly created integrative decision 

model. Reviweing Chapter 4 will give you a better understanding of the generak steps of the 

conventional AHP equations and steps.  

 

                     

 

Figure 6-1 The main steps in obtaining the criteria weights using the Grey-AHP 

Amman, the capital city of Jordan, has a rapidly growing population due to natural growth 

and the country's political circumstances (Potter, Darmame, Barham, & Nortcliff, 2009). For 

instance, the government recently received a massive influx of people from Syria because of 

the civil war. Consequently, proper public transportation is needed to guarantee a livable city 

for citizens.  

We held focus group discussions during this research to develop a model that may ascertain 

the stakeholders' preferences, shown in Figure 6-2. A field survey was then conducted to 

gather the stakeholders' preferences. 220 participants were involved in the study throughout 
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January 2020. The participants were randomly chosen from public transport users 

(employees, school students, university students, workers) without a gender or age group bias. 

The bus stations of Al Bayader, Sweileh, Al-Abdali, South of Amman, Abu Nsair, Al Jubeiha, 

and Al-Mahatah were included in the survey to have as many responses as possible from 

different public transport stations. 95 women and 125 men of other age groups participated in 

the survey. The required time to complete the study was 19 to 24 minutes for young 

passengers and 27 to 31 minutes for old passengers.  

 

Altogether, 28 attributes of travel demand (as shown in Figure 6-2) were assessed to examine 

stakeholders' preferences and attitudes towards public bus transport quality.  

The hierarchical structure of the criteria demonstrates the survey process. The evaluators must 

make pair-wise comparisons between the criteria in the same branch of the decision criteria 

tree. Participants must compare criteria pairs to determine the importance of service quality, 

transport quality, tractability, and fare on the first level for all possible pairs. The degree of 

consistency (CR) was checked for all pairwise comparison matrices. However, we only 

considered the consistent judging matrices in our study. As consistency has been examined to 

all responses, and the result was CR < 0.1. 

As final step, a sensitivity analysis is conducted to check the robustness of the results. In this 

phase, the impact of modifying the score of a Level 1 element is analyzed in terms of rank 

reversal of the lower criteria. We consider the results robust if a slight increase or decrease 

does not cause a change in the ranking of the lower attributes. 
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Figure 6-2 Elements of travel demand in a hierarchical structure. 

  

The typical comparison question is: How much more important is public transport's service 

quality than the transport quality? The entire survey follows the same principle. 
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Table 6-2. demonstrates the definition of the criteria that has been included and analyzed in 

the study  

Table 6-2. Criteria definitions (Alkharabsheh et al., 2019) 

Criteria Code Criteria Definition 

C1 Service Quality", everything excluding transport itself 

C2 Transport Quality", for real-time on vehicle 

C3 Tractability", getting information from every aspect 

C4 Physical comfort", the convenience of the seat, crowd, condition air 

C2.2 Safety of travel”, feeling safe, accidents in the bus, security 

C3.1 Perspicuity", a clear understanding of schedule and information 

C3.2 Information before travel", the amount and quality of information 

C3.3 Information during travel", availability, quantity, and quality of information 

C1.1 "Approachability" of the service before the beginning of travel 

C1.2 "Directness" reaching the destination without shifting vehicles 

C1.3 "Time availability “the time frame when using a particular vehicle 

C1.4 "Speed," speed for the whole travel process 

C1.5 "Reliability," the quality of being trustworthy 

C1.1.1 "Distances to stops," reaching the stops for travel 

C1.1.3 "Safety of stops," subjective feeling, 

C1.1.2 "Comfort in stops," heating and cooling systems, seats 

C1.2.1 "Need of transfer," do passenger has to change or not 

C1.2.2 "Fit connection," between bus lines or between other modes 

 

 

6.4  Results 

 

Scores were obtained from the evaluators following the Grey-AHP methodology. First, grey-

AHP pairwise comparisons must be created for all decision structure attributes, as shown in 

appendix A (Tables 6-6 – 6-12), where the results are aggregated for all respondents. As 

shown in the tables below, the grey weight scores of all criteria in all levels express three 

different scenarios: minimum, medium, and maximum values. Scores for level 1 show real 

evaluations between zero and one, which means a minor notability of one criterion over 

another, and so forth. For instance, service quality (C1) is slightly inferior to transport quality 

(C2) based on the grey aggregation of the evaluation scores; in the first scenario, this 

produces a value of 0.91 as a minimum, while in the full procedure, its value is 2.1580. 

 

The local scores can be computed using the eigenvector method of the AHP technique. 

Deriving eigenvector scores and then calculating the weight scores enable us to determine the 

importance of each element in the decision structure, in our case, reflecting the transport 

demand of the respondents. A higher score means higher priority attached to the demand 

element. The order of scores demonstrates the importance of the transport elements, which is 

a significant insight and can support transport planners in improving the public transport 

system. 



 

66 

 

Table 6-3 shows the order of priority of different criteria for the examined decision problem. 

Table 6-3 The final weight scores for public transport supply quality criteria. 

Level Criteria Weight Final Weight  Rank 

Level 1 

Transport Quality 0,3836 0,3836 1 

Fare 0,2298 0,2298 2 

Service quality 0,2183 0,2183 3 

Tractability 0,1683 0,1683 4 

Level 2 

Safety of travel 0,4777 0,1832 1 

Discounted tickets 0,5691 0,1308 2 

Mental comfort 0,2905 0,1114 3 

Time availability 0,4558 0,0995 4 

Physical comfort 0,2318 0,0889 5 

Info before travel 0,4919 0,0828 6 

Speed 0,2753 0,0601 7 

weekly/monthly tickets 0,2478 0,0569 8 

Perspicuity 0,2871 0,0483 9 

one-way tickets 0,1831 0,0421 10 

Info during travel 0,2210 0,0372 11 

Directness 0,1219 0,0266 12 

Approachability 0,0916 0,0200 13 

Reliability 0,0554 0,0121 14 

Level 3 

Frequency of lines 0,8372 0,0833 1 

Awaiting time 0,4756 0,0286 2 

Fit connection 0,6941 0,0185 3 

Time to reach stops 0,2995 0,0180 4 

Limited time of use 0,1628 0,0162 5 

Journey time 0,2249 0,0135 6 

Safety of Stops 0,5284 0,0106 7 

Need for transfer 0,3059 0,0081 8 

Comfort of Stops 0,2508 0,0050 9 

Distance to stop 0,2208 0,0044 10 
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Table 6-4 The final weight scores after the sensitivity analysis. 

Level 

Criteria 

Weight 

scores 

New final weight 

scores 

Old 

Rank  

New 

Rank  

Level 1  Transport Quality 0.3836 0.4000  1 

Service quality 0.2183 0.2200  2 

Fare 0.2298 0.2200  3 

Tractability 0.1683 0.1600  4 

Level 2  Safety of travel 0.4777 0.1911 1 1 

Discounted tickets 0.5691 0.1252 2 2 

Mental comfort 0.2905 0.1162 3 3 

Time availability 0.4558 0.1003 4 4 

Physical comfort 0.2318 0.0927 5 5 

Info before travel 0.4919 0.0787 6 6 

Speed 0.2753 0.0606 7 7 

weekly/monthly 

tickets 0.2478 0.0545 

8 

8 

Perspicuity 0.2871 0.0459 9 9 

one-way tickets 0.1831 0.0403 10 10 

Info during travel 0.2210 0.0354 11 11 

Directness 0.1219 0.0268 12 12 

Approachability 0.0916 0.0202 13 13 

Reliability 0.0554 0.0122 14 14 

Level 3 Limited time of use 0.5284 0.2408 1 1 

Frequency of lines 0.2249 0.1025 2 2 

Journey time 0.3059 0.0842 3 3 

Awaiting time 0.2508 0.0690 4 4 

Time to reach stops 0.2208 0.0608 5 5 

Distance to stop 0.8372 0.0169 6 6 

Safety of Stops 0.6941 0.0140 7 7 

Comfort of Stops 0.4756 0.0096 8 8 

Need for transfer 0.2995 0.0080 9 9 

Fit connection 0.1628 0.0044 10 10 

 

 

 

In this analysis, all the scores reflect the current situation of the examined transportation 

system. The survey questions targeted the evaluation of different travel demand elements in a 

pairwise comparison related to development. From the travel demand perspective, a 

significant issue is the service quality of travel. However, in this situation, as shown in the 

table of scores (Table 6-3), the service quality has been only ranked third in the prioritization 

of first-level elements. Even though the tickets' price was only ranked second on the first 

level, the possible discounted tickets element is in second place on the second level. Note that 

in AHP, the influence of the higher-level criteria is significant on the connected lower-level 
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features. Consequently, a component of the final score originated from the linked higher-level 

attribute in the lower levels. 

 

Consequently, in the examined case study, greater utilization of public transport does not 

depend on general service improvements. Public transport travel could be increased by 

improving transport quality elements, mainly travel safety (the highest-ranked level 2 

element). On the third level, expanding the bus lines travel frequency seems to be the best 

option to make public transport more attractive. Users and potential users indicated that more 

frequent lines are required (a thorough examination of which specific lines should be more 

frequent). In addition, more attention should be paid to the connection between buses or buses 

and trains. The waiting times have also been criticized, and this issue is a direct consequence 

of the low frequency of lines and inefficient connections within the urban transport network. 

The fact that night buses are not available was also criticized.  

 

 A previous, traditional AHP analysis has been conducted by (Alkharabsheh et al., 2019) to 

evaluate the supply quality of public transportation of Amman, Jordan, and the transport 

quality criterion was reported to be of the highest importance in the first level, which is the 

same rank identified in our study. Both studies identified tractability as being the least 

important criterion. The service quality criterion was identified as being the second most 

important criterion in our study. However, in their research, this criterion was ranked third by 

(Alkharabsheh, Moslem, and Duleba 2019). As chapter 6 Adopted the best-worst method to 

estimate the public transport service quality in Amman, Jordan, and the ranking of the main 

criteria in the first level was the same as in our study. In contrast, there were some differences 

in the second and third levels. This similarity can be considered as evidence for the robustness 

of the new proposed methodology.  

 

Based on the obtained results from the Grey-AHP model, the most urgently needed 

improvement to the public transport quality is the safety of travel on public vehicles. Proper 

training of public bus drivers and regular maintenance of the buses could be efficient 

measures to implement. It is also advisable to reconsider the city's road safety regulations, 

implement regular road pavement maintenance, and build exclusive lanes for the public buses. 

Decision-makers are also advised to revise the urban lines' schedules because the passengers 

criticized both the frequency and times of available services. As the frequency and times seem 

to be the most urgent requirement of public transport users. The government is advised to 

modify the current timetables and conduct a cost-benefit analysis on lines that could be more 

frequent or increase specific routes' daily operating period. 

The issue of fares can be improved by providing discounted tickets. The local government 

should consider introducing lower-priced tickets (possibly weekly or monthly tickets) for 

specific society groups to attract more people to public transport. Thus, improvements would 

further decrease the number of private cars on the roads. Moreover, some other aspects can be 

also considered, such as the conflicting interests of stakeholders, their characteristics and 

priorities related to the public transportation (Rześny-Cieplińska, Szmelter-Jarosz, & Moslem, 
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2021), also, the changes before and during COVID-19 could be detected (Borkowski, 

Jażdżewska-Gutta, & Szmelter-Jarosz, 2021); (Moslem, Campisi, et al., 2020). 

However, results clearly show the capability of the applied Grey-AHP model to provide an in-

depth analysis supporting the public transport development decisions. Furthermore, the 

criteria and survey method can be applied to arbitrary transport development problems 

without any modifications. 

 

6.5  Conclusion 

 

In contrast to the traditional transport demand analysis methods, the introduced Grey-AHP 

model can solve intricate problems in uncertain conditions, which makes it a very effective 

technique. Moreover, the Grey-AHP model provided more information on passenger 

preferences' specific elements, including the current fare. As a limitation, however, we 

mention that only a small group of passengers were involved in the presented survey.  

The methodology of grey-based applications for ameliorating public transport supply quality 

systems is limited to grey relational analysis, a method under grey systems theory. Our study 

proved the applicability of other grey-based multi-criteria methodologies for estimating the 

supply quality of public transport in an integrated manner. The presented approach was 

applied for Amman city to demonstrate its effectiveness and applicability.  

 

Some limitations have been identified in the current research. First, more real data surveys 

should be conducted with more potentially non-efficient experiential matrices. Second, from 

an application point of view, it must be emphasized that the difference between Grey-AHP 

and AHP values is small in this Amman case study. 

 

As a general conclusion, we recommend that transport quality should be improved according 

to the analyzed results. Officials are advised to start tackling the transportation problem in the 

city by considering transport quality improvements. In level 2, "Safety of Travel" is the 

priority for passengers to improve. For instance, the operator must increase the regular 

maintenance for public buses. In addition, the municipality must introduce extensive training 

for bus drivers to enhance the perceived safety of the passengers. For level 3, the frequency of 

lines criterion is the key to being improved. As this criterion will increase the public buses' 

reliability in the city, deploying more buses and rescheduling the timetable is needed. 

 

Our results showed that the Grey-AHP model was successful. Since not all the evaluators 

were fully aware of the importance of proportions in the pairwise comparisons, more flexible 

numbers helped gain a more trustworthy scoring and ranking. As shown by our survey results, 

the Grey-AHP approach can be suggested for all decision support cases in which 

nonprofessional participants evaluate the decision structure elements, particularly when 

pairwise comparisons are applied. The Grey-AHP method is a tool to acquire the public's 

opinion on the quality and fare system development of the current public bus transport system 

in the examined city. The model, survey procedure, and analysis can be applied to arbitrary 

urban areas. Transport development initiatives for collecting the data reflecting the 
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preferences of the citizens are required. The intricate decision-making process can then be 

guided straightforwardly using the Grey-AHP model, even if the evaluators have no 

experience in the field. However, it is highly recommended to hold focus group decision 

meetings with the evaluators to raise their awareness and evaluate the project properly. For 

further study, the integration of grey theory with other MCDM techniques (e.g., the analytic 

network process) can be a promising area for interested researchers. 

 

Table 6-5. Integrated Grey Comparison Matrix (4×4) for the factors in level 1 

 C1 C2 C3 C4 

C1 1 1 0,7199 1,3890 0,7384 1,3301 0,4634 0,8781 

C2 0,7199 1,3890 1 1 1,6818 3,3036 2,0885 3,8180 

C3 0,7518 1,3543 0,3027 0,5946 1 1 0,5016 0,8941 

C4 1,1388 2,1580 0,2619 0,4788 1,1185 1,9935 1 1 

 

Table 6-6. Integrated Grey Comparison Matrix (5×5) for sub-factors in level 2. (Service quality 

branch). 

 C11 C12 C13 C14 C15 

C11 1 1 0,3969 0,7937 0,1514 0,2184 0,2184 0,3969 1,7411 3,4822 

C12 1,2599 2,5198 1 1 0,1514 0,2184 0,2184 0,3969 2,5198 4,1602 

C13 4,5789 6,6039 4,5789 6,6039 1 1 1,4422 2,5198 4,5789 6,6039 

C14 2,5198 4,5789 2,5198 4,5789 0,3969 0,6934 1 1 3,1748 5,2415 

C15 0,2872 0,5743 0,2404 0,3969 0,1514 0,2184 0,1908 0,3150 1 1 

 

Table 6-7 Integrated Grey Comparison Matrix (3×3) for sub-factors in level 2.(Transport quality 

branch). 

 C21 C22 C23 

C21 1 1 0,6300 1,2599 0,3125 0,6015 

C22 0,7937 1,5874 1 1 0,4774 0,9548 

C23 1,6625 3,1998 1,0473 2,0946 1 1 

 

Table 6-8 Integrated Grey Comparison Matrix (3×3) for sub-factors in level 2. (Tractability branch). 

 C31 C32 C33 

C31 1 1 0,3969 0,7937 0,9548 1,9097 

C32 1,2599 2,5198 1 1 1,5157 3,0314 

C33 0,5236 1,0473 0,3299 0,6598 1 1 
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Table 6-9 Integrated Grey Comparison Matrix (3×3) for sub-factors in level 2. (Fare branch). 

 C41 C42 C43 

C41 1 1 0,3863 0,7579 0,3042 0,5743 

C42 1,3195 2,5889 1 1 0,2414 0,3982 

C43 1,7411 3,2875 2,5111 4,1420 1 1 

 

Table 6-10 Integrated Grey Comparison Matrix (3×3) for sub-factors in level 2. (Approachability 

branch). 

 C111 C112 C113 

C111 1 1 0,6156 1,2311 0,3086 0,5743 

C112 0,8123 1,6245 1 1 0,3424 0,6373 

C113 1,7411 3,2406 1,5692 2,9206 1 1 

 

Table 6-11  Integrated Grey Comparison Matrix (3×3) for sub-factors in level 2. (Speed branch). 

 C141 C142 C143 

C141 1 1 0,4353 0,8706 0,3969 0,7937 

C142 1,1487 2,2974 1 1 1,5157 3,0314 

C143 1,2599 2,5198 0,3299 0,6598 1 1 

 

 

 

 

 

 

6.6  Thesis 3 

 

 
 

 

Related publications to this chapter:  

An Integrated Approach of Multi-Criteria Decision-Making and Grey Theory for Evaluating 

Urban Public Transportation Systems 

 

Sustainability 2021, 13(5), 2740; https://doi.org/10.3390/su13052740 

I conducted a Grey-AHP model that assumes an efficient mechanism for 
evaluating the supply quality of public transportation systems, mainly when 
respondents are non-experts. Finally, we estimate and rank the supply quality 
criteria for public transportation by applying the proposed model to a real-
world case study (Amman city, Jordan). The study's findings demonstrate the 
efficacy and applicability of the developed approach for improving public 
transportation system supply quality.

https://doi.org/10.3390/su13052740


 

72 

 

7. Analyzing public travel demand by a Fuzzy Analytic 

Hierarchy Process (FAHP) model for supporting transport 

planning 
 

 

7.1  Introduction and Contributions 

 

Travel demand plays an essential role in strategic transport planning. Generally, experts use 

either discrete methods, e.g., discrete choice models, or simulation, e.g., activity-based 

models, to estimate demand in transportation. This paper offers a different solution; instead of 

using the traditional approach, the demand is considered a multi-criteria decision-making 

(MCDM) problem, and surveying the citizens’ preferences provides the results for decision 

support. Public transport demand depends on two main issues, quality and price of the 

transportation. Both issues have been integrated with a hierarchical model, and the well-

proven Analytic Hierarchical Process (AHP) method has been applied in the current research. 

Further, fuzzification of the scores has also been conducted because of the citizen evaluator 

pattern. Finally, the Fuzzy-Analytic Hierarchy Process model has been tested in a real-world 

situation with the case study of Amman, Jordan. 

 

Cities worldwide are experiencing population growth and rapid urbanization, making public 

transportation an attractive option for addressing traffic, environmental, and public health issues. 

As a result, participation of the public in decision-making is critical. On the one hand, 

individuals should participate in decisions that affect their daily lives. On the other hand, 

however, implementations will be practical only if they address citizens' needs. 

The present paper introduces a combined model for supporting decision-making for improving 

public bus service quality in Amman City. Due to the involvement of public evaluators, 

avoiding uncertainty has been one of the objectives. Accordingly, Fuzzy AHP (FAHP) has been 

used. 

 

In this chapter, I used Fuzzy-AHP (FAHP) to address the uncertainty associated with evaluators' 

answers. In addition, I fuzzified the hierarchical analysis by allowing for pairwise comparisons 

of different evaluator groups. 

 

7.2  Methodology 

 

 

In this chapter, the Fuzzy AHP approach (see chapter 3) is applied to prioritize and rank the 

identified public bus transport supply quality criteria in Amman city. Consequently, the 

FAHP approach was used to fuzzify the hierarchical analysis by allowing fuzzy numbers for 

the evaluators' pairwise comparisons (PCs). As a result, the hierarchy tree establishes PCs 

among the four main criteria and twenty-four sub-criteria. After collecting the data, the 

geometric mean approach was used to aggregate evaluators’ responses, and the final scores 
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were computed and prioritized. To ensure the quality and trustworthiness of collected data, a 

consistency check was accomplished.  

 

 

 

7.3  Results and Discussion 

 

 

In the research, meetings and discussions have been held to develop a model that may simply 

acquire the passenger’s preferences; Figure 7-1 below exhibits the model. Consequently, a 

field survey was conducted to gather the customer's preferences, 100 participants in the 

survey in March 2019. The sample of the participants was indiscriminately hand-picked from 

the public users (employees, school students, and university students) and from different age 

layers, so young and old people were included, gender was considered as well. However, 

places with the highest density from the bus demand point of view: Jordan University, 

Sweileh, Al-Abdali, Al-Dakheliah roundabout,and-Mahatah bus stations were included in the 

survey to cover as more as possible responses and different preference’s by the passengers for 

other locations inside Amman city. 45 women of different ages participated in the survey, and 

55 men participated as well. Cooperation has been experienced by the passengers to share 

their preferences. The average filling time of the survey was 20 to 25 minutes per young 

passenger and 30 to 35 minutes per old people passengers   

 

In our created model, altogether, 28 elements of travel demand (as depicted in Table 7-1) 

were assessed to examine aspects of passenger preferences and attitude towards fares in 

public bus transport. Therefore, this model can be considered the most innovative part of our 

research since it is the one of the MCDM model for transport integrating quality and price 

elements of travel demand. 

 

Table 7-1 The applied transport demand elements and their short explanations 

“Service Quality”, all service excluding transport services on the vehicle and information service 

“Transport Quality”, all service during the time spent on the public vehicle 

“Tractability”, the provided information about the journey 

“Physical Comfort”, comfort of seats, physical space in the bus, air conditioning 

” Mental Comfort”, environmental aspects, behavior of driver and other passengers 

“Safety of Travel”, perception of safety, security of the journey 

“Perspicuity”, clear understanding of schedule and information 

“Information Before Travel”, amount and quality of information previously of the journey 

“Information During Travel”, availability and quality of information on the vehicle 

“Approachability”, service before starting the travel, accessing the lines 

“Directness” reaching the destination without shifting vehicles 

“Time Availability” the time frame when using certain vehicle 

“Speed”, speed of the whole travel process 

“Reliability”, on time arrivals, keeping the schedule 

“Distance to Stops”, reaching the starting bus stop 
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“Safety of Stops”, the security of bus stops in terms of road safety 

“Comfort in Stops”, roof, heating and cooling systems, seats of the stops 

“Need of Transfer”, the need to change vehicles to the destination 

“Fit Connection”, on time connection between bus lines or between other type of public transport (trains) 

“Frequency of Lines”, scheduled and realized frequency of the buses 

“Limited Time of Use”, the time frame between the first and the last line of the day 

“Journey Time”, time spent on the vehicle, (get on_ get off) 

“Awaiting Time”, awaiting time for the proper line 

“Time to Reach Stops” time to reach the departure bus stop 

“Fare”, the money paid for a journey or a trip on public transport. 

“Price of one-way tickets” the amount of money for one journey.  

“Price of weekly/monthly tickets” the amount of money for the weekly or monthly trips  

 “Discounted tickets for pensioners or students” lower fare for pensioners or students 

 

 

Further, the transport demand criteria have been structured into a hierarchy, on the one hand, 

due to the better overview of the researchers and participants, on the other hand, because of 

the requirements of the applied Fuzzy Analytic Hierarchy Process. 

 

The hierarchical structure of the criteria determines the survey process, in which pair-wise 

comparisons are required from the evaluators among the criteria situated in the same branch 

of the decision criteria tree. Thus, for example, participants have to wisely compare the 

demand importance of Service quality, Transport quality, Tractability, and Fare on the first 

level for all possible pairs (Figure 7-1).  
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Figure 7-1 Elements of travel demand in a hierarchical structure. 

 

The typical comparison question is: How much more important is the Service quality of 

public transport in your demand than the Transport quality? The logic of the survey is the 

same for all other levels. 
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Having gained all scores from the evaluators, following the Fuzzy AHP methodology, fuzzy 

pairwise comparisons must be created for all branches of the decision structure as 

demonstrated below (Table 7.3-7.9), where the results are aggregated for all evaluators. The 

tables below show that the fuzzy weight scores of all criteria in all levels express three 

different scenarios as a minimum, medium, and maximum values. A score below 1 indicates 

real evaluations between zero (expressing neutral relation between the two decision criteria) 

and 1, which means a slight superiority of one criterion over another and so forth. For 

instance, Service Quality (C1) is slightly inferior to Transport Quality (C2), considering the 

fuzzy aggregation of the evaluation scores. In the case of the first scenario, this produces a 

value of 0.94 as a minimum. In the case of the maximum scenario, its value is 1.226. 

 

Table 7-2 Fuzzy Comparison Matrix (4×4) for the factors in level 1. 

 C1 C2 C3 C4 

C1 1 1 1 0.8157 0.9246 1.0638 1.1136 1.2999 1.5185 1.0057 1.1661 1.3558 

C2 0.9400 1.0816 1.2260 1 1 1 1.5918 1.8707 2.1585 1.5190 1.7684 2.0399 

C3 0.6586 0.7693 0.8980 0.4633 0.5346 0.6282 1 1 1 0.7598 0.8739 1.0023 

C4 0.7376 0.8576 0.9943 0.4902 0.5655 0.6583 0.9977 1.1443 1.3162 1 1 1 

 

 

Table 7-3 Fuzzy Comparison Matrix (5×5) for sub-factors in level 2. (Service quality branch). 

 C11 C12 C13 C14 C15 

C11 1 1 1 0.6711 0.7914 0.9492 0.5514 0.6395 0.7481 0.6229 0.7241 0.8498 0.7969 0.9494 1.1166 

C12 1.0535 1.2636 1.4901 1 1 1 0.6061 0.6977 0.8091 0.7748 0.8721 0.9930 0.9019 1.0616 1.2417 

C13 1.3368 1.5637 1.8135 1.2360 1.4333 1.6499 1 1 1 0.7978 0.8900 0.9944 1.2979 1.5280 1.7720 

C14 1.1768 1.3811 1.6054 1.0071 1.1467 1.2907 1.0057 1.1236 1.2534 1 1 1 1.2859 1.5184 1.7714 

C15 0.8956 1.0533 1.2548 0.8054 0.9420 1.1088 0.5643 0.6545 0.7705 0.5645 0.6586 0.7777 1 1 1 

 

Table 7-4 Fuzzy Comparison Matrix (3×3) for sub-factors in level 2.  (Tractability branch). 

 
C21 C22 C23 

C21 1 1 1 0.7714 0.8526 0.9552 0.3715 0.4180 0.4797 

C22 1.0469 1.1729 1.2963 1 1 1 0.4625 0.5242 0.6037 

C23 2.0847 2.3922 2.6918 1.6565 1.9077 2.1622 1 1 1 

 

Table 7-5 Fuzzy Comparison Matrix (3×3) for sub-factors in level 2.  (Transport quality branch). 

 C31 C32 C33 

C31 1 1 1 0.6128 0.6965 0.8029 0.7515 0.8520 0.9734 

C32 1.2455 1.4358 1.6318 1 1 1 2.0985 2.4076 2.7341 

C33 1.0273 1.1737 1.3307 0.3658 0.4153 0.4765 1 1 1 

 

Table 7-6 Fuzzy Comparison Matrix (3×3) for sub-factors in level 2.  (Fare branch). 

 C41 C42 C43 
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C41 1 1 1 0.7830 0.9300 1.0989 0.2866 0.3406 0.4101 

C42 0.9100 1.0752 1.2772 1 1 1 0.4448 0.5070 0.5869 

C43 2.4385 2.9363 3.4897 1.7037 1.9725 2.2482 1 1 1 

 

 

Table 7-7 Fuzzy Comparison Matrix (3×3) for sub-factors in level 3.  (Approachability branch). 

 C111 C112 C113 

C111 1 1 1 0.3702 0.4215 0.4820 0.9540 1.1336 1.3102 

C112 2.0746 2.3724 2.7009 1 1 1 1.4276 1.7076 2.0122 

C1113 0.7632 0.8821 1.0482 0.4970 0.5856 0.7005 1 1 1 

 

Table 7-8 Fuzzy Comparison Matrix (3×3) for sub-factors in level 3.  (Speed branch). 

 C141 C142 C143 

C141 1 1 1 0.4585 0.5153 0.5936 0.6490 0.7379 0.8504 

C142 1.6847 1.9404 2.1809 1 1 1 1.1199 1.2554 1.4012 

C143 1.1759 1.3551 1.5407 0.7137 0.7966 0.8929 1 1 1 

 

Afterward, the final scores can be computed by conducting the eigenvector method of the 

AHP technique. Deriving eigenvector scores and then calculating the weight scores enable us 

to determine the importance of each element in the decision structure in the decision, in our 

case, in the transport demand of the respondents. The higher score means the higher 

importance attached to each demand element. Therefore, the order of scores implies ranking 

of matter, which significantly supports travel demand for transport planners. 

The priority order of different criteria in public bus transportation systems in terms of their 

development is presented in Table 7-9. 

 

Table 7-9 The final weight scores for public transport supply quality criteria. 

Level Criteria Score Rank Global Rank 

Level 1 

Service quality 0.2701 2 2 

Transport Quality 0.3396 1 1 

Tractability 0.1922 4 4 

Fare 0.2141 3 3 
     

Level 2 

Approachability 0.0440 14 18 

Directness 0.0520 10 14 

Time availability 0.0675 6 10 

Speed 0.0658 7 11 

Reliability 0.0459 12 16 

Physical comfort 0.0758 5 9 

Mental comfort 0.0907 4 8 

Safety of travel 0.1762 1 5 

Perspicuity 0.0521 9 13 

Info before travel 0.0933 3 7 

Info during travel 0.0487 11 15 

one-way tickets 0.0451 13 17 
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weekly/monthly tickets 0.0540 8 12 

Discounted tickets 0.1182 2 6 
     

Level 3 

Distance to stop 0.0109 10 28 

Comfort of Stops 0.0223 5 23 

Safety of Stops 0.0113 9 27 

Need for transfer 0.0208 7 25 

Fit connection 0.0312 2 20 

Frequency of lines 0.0377 1 19 

Limited time of use 0.0298 3 21 

Journey time 0.0156 8 26 

Awaiting time 0.0288 4 22 

Time to reach stops 0.0220 6 24 

 

In the analysis, it has to be emphasized that all the scores reflect the current situation of the 

examined transportation system. The asked questions in the survey targeted the evaluation of 

different travel demand elements in pairwise comparison related to the need for development.  

From the travel demand perspective, a very significant issue is the price of travel. However, in 

this situation, as shown in the table of scores, the fare has been only ranked third out of the 

first level elements. Consequently, the better utilization of public vehicles does not depend on 

price reduction. Currently, the citizens consider the price of tickets affordable. A more 

significant increase in public travel could be reached by improving transport quality elements, 

mainly the safety of travel (the highest-ranked Level 2. element). 

 

Getting to the third level, rescheduling the timetable seems to be the best implication to raise 

the attractiveness of public transport. From users’ and potential users’ perspectives, it is 

clearly indicated that more frequent lines are required (certainly it has to be examined 

thoroughly, which specific lines should be more frequent), and more attention should be paid 

to the fit connection of buses or buses and trains. The awaiting time elements have also been 

criticized, which is a direct consequence of the less frequent lines and non-efficient 

connections of vehicles in urban transport. Finally, one more specific element must be 

highlighted; the limited time of public lines is not satisfactory for the citizens. This is most 

likely due to the need for an earlier first line in the morning to get to the workplace or school 

in time, or the need for the last line in the evening to get back home by public lines. 

   

Even though the price of tickets has only been ranked third in the first level, on the second, 

possible discounted tickets element has been positioned in the second place. In Fuzzy AHP, 

this is a very strong indication because the scores are computed by the multiplication of the 

respected higher-level element in the hierarchy (see formula 8.10). This means that although 

the public is generally satisfied with the current transport price, discounted tickets for specific 

groups of society, e.g. students, pensioners, public workers, would be beneficial and might 

attract more people to use public vehicles.  In contrast, the two other price elements, one-way 

tickets and weekly/monthly tickets have been evaluated much lower, so these issues' supply 

and price level do not need any modifications. Moreover, the geographical positions, 

comfortability, and reachability of stops are satisfactory. The participants ranked these issues 
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very low, so no significant need for improvement could be detected related to these transport 

system elements. 

 

All in all, based on the results of the Fuzzy-AHP model, in the current situation most urgently 

the transport quality issues need improvement, especially the safety of travel on public 

vehicles. Possibly the training of public bus drivers and an overview of the technical status of 

buses could have efficient implications. Also, it is advisable to reconsider the road safety 

regulations in the city or develop the condition of roads at least along the main public 

transport lines. Decision-makers are also recommended to overview the schedules of the 

urban lines because both the frequency and time of usage were criticized by the public. 

 Certainly, this is a very common requirement from the public, and usually, the government 

does not have to budget to finance all citizen requirements. Despite this, it is suggested to 

think about modifying current timetables and conducting a cost-benefit analysis on more 

frequent lines or on the expanded daily time frame of run for the local buses. 

Regarding the fares, the only issue that needs modification is the situation of discounted 

tickets. The local government should consider introducing lower price tickets (possibly 

weekly or monthly tickets) for specific society groups to attract more people to public 

transport. 

 

 

7.4  Conclusion 

 

In contrast with the traditional transport demand analysis methods, the introduced Fuzzy-AHP 

model provided more information on the specific elements of passenger preferences, 

including the current price; however, less information on the number of travels. The cited 

general models (four-steps, discrete choice, and activity-based) all perform better in 

quantitative analysis and forecasting, but the MCDM approach and within that the FAHP 

modeling is more capable of determining the crucial elements of passenger preferences. 

 

Fuzzification has been proven to be successful based on the results. The citizen evaluators 

were not fully aware of the importance proportions in the pairwise comparisons, thus allowing 

more flexible numbers helped gain a more trustworthy scoring and ranking. The fuzzy 

approach can be suggested for all decision support cases in which layman participants 

evaluate the elements of the decision structure, mainly in those techniques in which pairwise 

comparisons are applied. This consideration has been justified by our survey results. As a 

remark for further research, combining the general models and MCDM modeling is highly 

recommended. Mainly, a hybrid method of discrete choice and Fuzzy AHP modeling would 

be very beneficial to integrate the advantages of both approaches. For example, the discrete 

choice might determine the connections of the public travel price and quantified demand 

while FAHP might analyze the demand elements and the linkage between current pricing and 

quality issues of the transport system. It is also possible to bind MCDM with activity-based 

models in which the intentions of the public generally the demand determination, and these 

intentions can be analyzed by FAHP or other multi-criteria decision support techniques. 
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Practically, the demonstrated procedure is considered knowledge acquisition from the public 

related to quality and fare system development of the examined city's current public bus 

transport situation. The model, survey procedure, and analysis can be applied to arbitrary 

urban transport development initiations for collecting the data referring to citizens' 

preferences. 

 

As the limitation of the recent survey, it has to be emphasized that the generally applied 

‘willingness to pay’ WTP approach has not been examined by the introduced FAHP model. 

However, WTP reflects the motivation of the citizens for paying the public transport fare in 

different scenarios. Thus it is a valuable indicator of public demand. Integrating the 

willingness to pay factor into the model is a subject of future research. 

Definitely, the mixture of quantitative and decision support methods possesses huge potential 

in forecasting and analysis of travel demand not only in theory but also in the practice of 

transportation management. 

  

 

 

7.5  Thesis 4 

 

 

 
 

 

 

Related publications to this chapter:  

 

ANALYZING PUBLIC TRAVEL DEMAND BY A FUZZY ANALYTIC HIERARCHY 

PROCESS MODEL FOR SUPPORTING TRANSPORT PLANNING. 

STRA-2019-0092. 

 

 

 

 

 

 

  

• I implemented a decision-support procedure using the Fuzzy AHP.
Fuzzy AHP performs exceptionally well when lay evaluators participate
in the survey.
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8. Public Transportation Service Quality Evaluation during the 

COVID-19 Pandemic in Amman City Using Integrated  

Approach Fuzzy AHP-Kendall Model 
 

 

8.1  Introduction and Contributions 

 

 

Humans, by their nature, make many decisions for their daily activities and problems. 

Conversely, they cannot deal with some complex issues by using the natural human beings’ 

senses. MCDM was the solution to this kind of problem. Eventually, the unique solution exists 

in multi-objective optimization problems, but a set of mathematic equally good outcomes could 

be identified. These outcomes are known as Pareto optimal (efficient= nondominated= non-

inferior) solutions. MCDM solutions are considered inferior (inefficient) in some cases, and 

these problems have been studied intensively for several decades  (Bozóki & Fülöp, 2018; 

Pareto, 1906). The aim of using MCDM optimizations is to help the decision-makers to find a 

non-dominated solution.  

 

For example, the results of the AHP approach are based on the eigenvector technique and are 

dominated in some cases because of the inferiority of the eigenvector. Thus, the authors 

generated a method to provide the decision-makers with efficient and reliable solutions for their 

complex problems (Duleba & Moslem, 2019). 

 

In this chapter, I conducted the questionnaire survey, and I computed the final weight scores 

for the criteria after modifying the vector by employing the Fuzzy AHP model. I employed 

Kendall’s coefficient of concordance to detect the concordance among the different evaluator 

groups.  
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8.2  Methodology 

 

8.2.1 Main Characteristics of Fuzzy AHP 

 

FAHP approach was extensively applied by academics and professionals in many fields and 

problems, mainly in engineering fields like the transport engineering field (Farooq et al., 

2020).  

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. The geometric mean approach was used to aggregate evaluators’ 

responses, and final scores were computed and prioritized after data collection. 

 

 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 (C. 

C. Sun, 2010). The author conducted a fuzzy logic technique in the referred paper by 

developing a reconnaissance survey with fuzzy triangular scales. The chapter 3 section 3.4 

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. 

The current research used the computational technique based on the sequent fuzzy numbers 

defined by (Gumus, 2009) and (C. C. Sun, 2010). 

Quality represents the public transport service quality elements. Considering that the decision 

elements’ supreme connections are hierarchical, there are very few dependencies 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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Figure 8-1 The hierarchical model of the service quality. 

Passengers: The traveler or potential traveler uses the public buses 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 8-1 Linguistic scale of the scale fuzzy numbers. 

Fuzzy Number Linguistic Scale Fuzzy Number 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) 

 

Table 8-1 shows the fuzzy scale numbers and their definition for each group. The employed 

PC matrices were formed based on the hierarchical structure of criteria, as shown in Figure 

8-1 The hierarchical model of the service quality. Linguistic terms were allocated to the PCs 

Service quality

Approachability

Distance to stops

Safety of stops

Comfort in stops

Directness

Need of transfer

Fit connection

Time availability

Frequency of lines

Limited time of 
use

Speed

Journey time

Awaiting time

Time to reach 
stops

Reliability
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by asking which criteria are more treasured than the primary goal. As �̃� the most significant 

matrix (5 × 5) in the study, so we demonstrate the fuzzification of the scale values for this 

case can be refeared to chapter 8. 

 

 

8.2.2  Kendall Concordance Characteristics 

 

As previously mentioned, the purpose of this research was 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 𝑤𝐴𝑖. Final scores (9) gained the group wisely. However, it must be stressed that for 

such cases, where harmonious groups can be separated in the evaluation process with 

different interests, expertise, etc. The aggregation Formula (8.5) 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 separated. 

Then, Formula (8.5) 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 

(Kendall & Smith, 1939). This is a nonparametric method for three or more different rankings 

and is applicable for evaluating the agreement among multiple involving groups. 

 

𝑅𝑖 = ∑ 𝑟𝑖𝑗
𝑚

𝑗=1
 8.1) 

where Ri the total aggregated ranking for each criterion 𝑖, 𝑟𝑖𝑗. The rank given to criterion 𝑖 by 

the participant group 𝑗,𝑚 is the number of rater groups rating n factors.  

 

 

 

𝑅𝑖 =
𝑚(𝑛 + 1)

2
 8.2) 

𝑆 = ∑ (𝑅𝑖 − 𝑅)²
𝑛

𝑗=1
 8.3) 

Where S is a sum-of-squares statistic deviation over the row sums of ranking Ri 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: 
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𝑊 =
12 𝑆

𝑚2(𝑛3 − 𝑛)
 8.4 

After applying the formula, the result will be a number that determines the agreement degree 

among the different groups, as shown in Table 8-2. 

 

Table 8-2 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 

 

 

 

 

8.3  Results and Discussion 

 

8.3.1  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 regulations, 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 (Gronau & Kagermeier, 2007). On the other side, 

accessibility to the markets and job places will be more comfortable and smoother without 

congestion. 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 (Xu et 

al., 2018). This chapter 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. 

 

8.3.2  Result  

 

This section presents the results of the analyzed data. 

 

Table 8-3 demonstrates the stakeholders’ preferences for level 1. It is clearly shown that the 

passengers and officials groups agree that the “Speed” criterion must first be the 
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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 the first position from the non-passengers group point of 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 (Alkharabsheh et al., 2019; Moslem, Alkharabsheh, et al., 2020), 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 8-3 Stakeholders final weight score for level 1. 

Criteria  
Passengers 

Final Weight 

Passengers 

Rank 

Non-Passengers 

Final Weight 

Non-Passengers 

Rank 

Municipal Officials 

Final Weight 

Municipal 

Officials 

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 8-4 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. There is no agreed 

decision at the first level between decision-makers, so 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 

(Moslem, Alkharabsheh, et al., 2020). Then, their focus was to improve the fit connection 

criterion, while now their best interest was to improve the limited time of use attribute in the 

first place as the pandemic affected this criterion. 

 

Table 8-4 Stakeholders final weight score for level 2. 

Criteria  
Passengers Final 

Weight 
Passengers Rank 

Non-Passengers 

Final Weight 

Non-

Passengers 

Rank 

Municipal 

Officials Final 

Weight 

Municipal 

Officials 

Rank 
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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 Table 8-3 and Table 8-4, 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 8-5, there was a “strong agreement” among other 

evaluator groups in the first level. 

 

Table 8-5 Kendall’s coefficient of concordance (W) for level 1. 

Criteria  
Rank of 

Passenger Side 

Rank of 

Non-Passenger 

Rank of 

Municipal Official’s  
Ri (𝑹𝒊 − 𝑹)2 

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 = 86 R = 9 W = 0.956 

 

In level 2 (Table 8-6), Kendall’s concordance coefficient (W) 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 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 8-6 Kendall’s coefficient of concordance (W) for level 2. 

Criteria  
Rank of 

Passenger Side 

Rank of 

Non-Passenger  

Rank of 

Municipal Official’s  
Ri (𝑹𝒊 − 𝑹)2 

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 
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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 S = 710.5 R = 21.75 W = 0.9569 

 

Accordingly, this study identified strong agreement and priority among the stakeholder; 

unlike the previous studies (Alkharabsheh et al., 2019, 2021; Moslem, Alkharabsheh, et al., 

2020), the pandemic might have rearranged the priorities for the stakeholders. 

 

 

8.4  Conclusion 

 

Based on the results, it can be expected that the calculation of Kendall proved the difference 

between stakeholders’ opinions on public transport. However, 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. Therefore, it can 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 system development's different motivations and expertise. 

Under these conditions, it is strongly recommended to apply the Kendall method and Fuzzy-

AHP to analyze the distance among the stakeholders’ various aspects. 

 

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. 
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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. 

 

 

 

8.5  Thesis 5 

 

 

 
 

 

 

Related publications to this chapter:  

 

Public Transportation Service Quality Evaluation during the COVID-19 Pandemic in Amman City 

Using Integrated Approach Fuzzy AHP-Kendall Model. 

Vehicles 2021, 3(3), 330-340; https://doi.org/10.3390/vehicles3030020 

 

 

 

 

 

 

 

 

 

 

 

 

•I used a more sophisticated measure of group agreement than rank correlation
to determine group agreement. First, the aggregated weights are determined
using the Fuzzy-hierarchical analytical process (FAHP); then, the Kendall
correlation values are computed to reveal stakeholder opinions.

https://doi.org/10.3390/vehicles3030020
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9. The Summary of Scientific Results and Future Research 
 

 

9.1  The New Scientific Results 

 

Having a reliable survey of passenger satisfaction would be critical for the quality of public 

transportation. As a result, MCDM approaches were used to ascertain customer satisfaction 

among customers in various sectors. Thus, the dissertation's primary contribution was as 

follows: 

 

• In Thesis 1, I used the conventional AHP approach to assess the quality of public bus 

transportation in Amman, Jordan, including a questionnaire survey of the passengers' 

group. AHP's efficiency and adaptability ensure widespread application by producing a 

robust and reliable result. Additionally, I used the AHP to aggregate the responses for 

evaluators to get a complete picture of the actual situation.  

 

• In Thesis 2, I used a comprehensive approach to ascertain public transportation's critical 

supply quality criteria. As a methodology, a hybrid Analytic Hierarchy Process (AHP) 

was used with the Best Worst Method (BWM). The applied model is essentially a 

hierarchy with at least (5*5) pairwise comparison matrices or larger. By Validating the 

created model, a complex real-world problem was examined (public transport quality 

improvement). I used Jordan's capital city's urban bus transportation system as a case 

study. Three stakeholder groups (passengers, non-passengers, and local government 

representatives) participated in the evaluation process. 

 

• In Thesis 3, to overcome the limitations of the AHP in overcoming uncertainty, I 

proposed using grey values with the Analytic Hierarchy Process (AHP). In addition, the 

Grey-AHP model assumes an efficient mechanism to help supply quality evaluation of 

the public transport system, especially when respondents are non-experts. Finally, we 

perform simulations using a model developed for a real-world case study to estimate 

and rank the public transport system's supply quality criteria (Amman city, Jordan). 

 

• In Thesis 4, I used Fuzzy AHP, which can handle uncertainty in respondents' scores, 

particularly for the passengers' group, to solve a transportation development problem. I 

collected all data used in this study. Passengers have participated in this research to 

highlight their priorities.  

 

• In Thesis 5, I used the Fuzzy-hierarchical analytical process (FAHP) to determine 

aggregated weights and then computed Kendall correlation values to ascertain 

stakeholder opinions. Finally, a real-world case study tested the agreement measure 

approach: Amman, Jordan's public transportation development decision. The analysis 

demonstrates that by utilizing the Kendall technique, Kendall was able to gain a more 

in-depth understanding of the priority characteristics of various evaluator groups. 
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9.2   Scope for Future Research 

 

Regarding Thesis 1, the scope for future research is that conducting a general 

mathematical model covering more than one decision-maker group to aggregate 

evaluator group answers is a critical first step to obtaining more robust and reliable 

outcomes. Another reason for having a wide range of evaluator numbers is to learn about 

the city's public transportation supply quality in terms of the two fundamental stances. 

 

• The scope for future research regarding Thesis 2 is to carve up the evaluators into 

dedicated groups for understanding the real demand of society’s various groups. 

Moreover, to facilitate the dynamical questionnaire survey by amalgamating another 

technique. 

 

• The scope for future research, regarding Thesis 3, using different integrated models to 

have more efficient aggregated results and engage more evaluators in the survey to get 

more insight into the city public transit status.. 

 

• The scope for future research regarding Thesis 4, Is to integrate more methods with 

FAHP and involve more than one evaluator group. 

 

• The scope for the future research regarding Thesis 5, Is to conduct a comprehensive 

spread survey of primary (Hub) public bus stations and compare the responses to the 

status before COVID-19. This project requires additional funding and capacity, which 

we may seek from EU banks by submitting proposals to conduct it. 
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Appendix 

 

Thank you for joining our questionnaire survey. Your feedback will help us to evaluate and improve 

public bus transport supply quality in Mersin city.  

 

The survey consists of two parts: 

 

1.Part: Demographic Survey questions 

 

Please, indicate to the answer by placing X or check mark.  

 

Please, indicate your gender: 

 

   Male     Female  

 

Please, indicate your material statue: 

 

    Single    Married 

 

Please, indicate your age: 

 

    18-30 years   31 -50 years   > 51  years 

 

Please, indicate your education level: 

 

   Primary school   Secondary school  High school

   bachelor’s degree  MSc/PhD degree 

 

Please, indicate your Working status: 

 

   Student    Employer in private sector 

   Retired    Employer in public sector 

 

 

2.Part: Pairwise comparisons 

 

Please, compare criteria based on (1-9) judgment scale and place only one circle or check mark for 

each row during comparing criteria.  

 

(1-9) judgment scale 

 

 

Numerical Values Verbal Scale 

1 Equal importance of both criteria 

3 Moderate importance of one criterion over another 

5 Strong importance of one criterion over another 

7 Very strong importance of one criterion over another 
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9 Extreme importance of one criterion over another 

2, 4, 6, 8 Intermediate values 

 

 

 

 

 

 

 

 

 

Compare the relative "preference of need of improvement" with respect to  (Supply Quality) 

Service quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Transport quality 

Service quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  Tractability 

Transport quality 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  Tractability 

 

Compare the relative "preference of need of improvement " with respect to  (Transport Quality) 

Physical comfort  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Mental comfort 

Physical comfort  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Safety of travel 

Mental comfort 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Safety of travel 

 

Compare the relative "preference of need of improvement" with respect to   (Tractability) 

Perspicuity 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Info before travel 

Perspicuity 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Info during travel 

Info before travel 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Info during travel 

 

Compare the relative "preference of need of improvement " with respect to  (Service Quality) 

Approachability 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Directness 

Approachability 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Time availability 

Approachability 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  Speed 

Approachability 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Reliability 

Directness 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Time availability 

Directness 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  Speed 

Directness 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Reliability 

Time availability 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  Speed 

Time availability 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Reliability 

 Speed 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Reliability 

 

Compare the relative "preference of need of improvement " with respect to  (Directness ) 

Need for transfer 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Fit connection 

 

Compare the relative "preference of need of improvement " with respect to   (Time Availability) 

Frequency of lines 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Limited time of use 

 

Compare the relative "preference of need of improvement " with respect to  (Tractability) 

Distance to stops 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Safety of stops 
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Distance to stops 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Comfort in stops 

Safety of stops 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Comfort in stops 

 

Compare the relative "preference of need of improvement" with respect to  (Tractability) 

Journey time 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Awaiting time 

Journey time 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Time to reach stops 

Awaiting time 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Time to reach stops 

 

 

 

 

 

Compare the relative PREFERENCE with respect to (Fare) 

Price of one-way 

tickets 

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Price of weekly/monthly 

tickets 

Price of one-way 

tickets 

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Discounted tickets for 

pensioners or students 

Price of 

weekly/monthly 

tickets 

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Discounted tickets for 

pensioners or students 

 

 

 

 


