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Chapter 1 
 

1. General Introduction 
 

1.1 . Current Problems of Public Transport Developments 
 
Transportation planning and development has been in the focal point of researchers and 
decision makers for decades. In the big cities, urban transportation causes many complex 
problems e.g. road congestions issues, environmental problems, economic and health problems. 
These problems are significant not only in the big emerging cities, but also in the big developed 
cities. Hence, urban transportation planning considers the efficient key solutions to overcome 
these complex issues.  
 
The solutions for these complex issues could be happen by applying an evident step forward 
that could increase user’s satisfaction and to motivate citizens to shift from private vehicle use 
to public transportation. It has to be noted that the tendencies are contrary, especially for the 
cities of developing countries, in which the inadequate public transport network has motivated 
people to turn to private cars. 
 
Ameliorating public transportation is a complex issue, the complexity comes from many 
different aspects. The type of improvement, the factor that should be improved and who have 
to be involved in the decision process. In general, the decision makers in the relevant field take 
decisions for the future projects, the same refers to the transportation projects, where all related 
decisions to the transportation policy are generally made by representatives or managers of the 
local transport company in the ministry of transportation in the country through a top-down 
procedure. These decisions are based on the regular reports from the transportation department 
in the municipalities, estimating the demand of the city through making special questionnaire 
surveys and analyzing them. However, involving communities in the strategic planning have to 
be the fundamental duty of local authorities to improve decision making, which can be 
considered as the precondition for creating sustainable plans. 
 
Actually, in the developed countries there are rules declaring that local government 
representatives (LGR) must consider citizens opinion before making any development 
decisions, e.g. in the United States of America (USA) (SAFETEA-LU: Safe, Accountable, 
Flexible, Efficient Transportation Equity Act a Legacy for Users) law has been issued about 
transportation development in the country. This legislation declares that local government 
representatives in transportation fields must consider users’ opinion before making any 
improvement decisions. Further, users’ participation is highly recommended in transport 
strategic plans in several European Union (EU) countries, because mapping users’ opinion for 
developing transport plans can help efficiently in the creation process of a Sustainable Urban 
Mobility Plan (SUMP). In the UK, Local Transport Plans (LTPs) are legally obliged to be 
developed that requires consultation of both the local stakeholders and the public at various 



 
2 

 

stages of the planning process. Other countries such as Germany and France are also relevant 
examples, the latter one requires public consultation when developing the French urban 
mobility plan (Plan de Déplacement Urbains, PDU), also applies legally consolidated 
involvement procedures. 
  
Passenger participation is an efficient way to detect the real demand for public transport, by 
that a higher satisfaction could be achieved and the non-passengers will re-think about utilizing 
public vehicles. Unfortunately, this relevant problem refers even more significantly for the 
developing countries, where the passenger demand side is often drastically neglected in 
transport planning. Yet, the improvement cannot be considered as sustainable and in a long 
range without this consideration and in some time frame correction is necessary. Consequently, 
the local government representatives have to guess right that the only way to augment the use 
of public transportation is to raise the utilization level of the system. Predominantly, citizens 
and LGR contribution in making transport improvement policy is a worthwhile thing to contrive 
higher satisfaction of the passengers, and encourage the non- passengers to start using public 
transportation 
  
Based on the above, public transport supply quality issues have to be investigated in order to 
ameliorate the system. Considering that, both tangible and intangible factors have to be 
involved as attributes in the decision procedure. Recently, more emphasis has been put on the 
integration of soft factors in transportation system development decision making e.g. passenger 
perception of comfort, entertainment during the journey, possessing information. This can be 
considered as an evolution of transport planning because previously only hard and quantitative 
criteria, such as time and cost, were assessed in the decisions, while other important issues were 
left aside. This simplification might have caused improper decisions in several cases. 
 
 

1.2  The Significance of Developing Public Transport Systems 
 
Urban transportation is crucial to the liveability of any city. But today urban transportation is 
still off-limits to some citizens and fails to fulfil the demand of others. It provides many 
significant benefits to the communities throw providing the access for citizen to get their 
destinations and contributing positively to environment and economic. Despite that, it can 
enhance neighborhood safety and security. 
 
The urban transport system has many positive impacts. It is environmentally friendly system, 
it provides a healthier environment throw decreasing CO2 emissions, air pollution and 
amelioration the air quality, by that we can have a sustainable environment. Economically, 
urban transport system helps to expand business development and work opportunities. And, it 
is critical for emergency situations requiring safe and efficient evacuation. Predominantly, 
ameliorating urban transport system can seriously impact the improvement of our communities. 
On the other hand, improving urban transport supply quality, requires an evident step to 
motivate citizens to shift from private vehicle use to public transportation. Despite that, the 
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tendencies are contrary, especially for developing cities, in which the inadequate public 
transport network has caused people to turn to private cars. Primarily, improving urban 
transport supply quality, which is represented by many criteria consider a prominent solution 
for urban transport critical issues. 
 
The scientific literature has listed some influencing attributes that might help in turning this 
environmentally threatening trend around, e.g., through reduced transit times and reduced 
distance from home to transit stations, increased public vehicle accessibility, decreased travel 
time or improved non-general elements of the supply quality, such as the perspicuity of the 
timetables. Thus, the projects endeavoring to increase public transport utilization must focus on 
some of the crucial criteria of the particular public transport system and allocate financial 
resources for the development of the most preferred elements of the supply quality. 
 
Determining the key elements of public transport service quality is most commonly done by 
the urban transport operator with participation of representatives of the municipalities. Most 
likely, a top-down decision has been made which does not necessarily reflect the citizens’ point 
of view. Thus, the sustainability of these decisions are not secured; perhaps the citizens act in 
a contrary way if preferences of the society and citizens are not considered in a transport 
development decision and the original objective, the shift to public transport cannot be reached.  
 
Public engagement in urban development has recently become significant. The growing number 
of examples can be found in the legislation to provide the citizens the opportunity to influence 
decisions that affect their lives. In the United States, 2015, (SAFETEA) law was created in 
order to foment considering users’ aspects in development decisions. Another example, in EU 
there is the requirement of a Sustainable Urban Mobility Plan (SUMP) in which public aspects 
have to be mapped before creating a transport development plan. Moreover, the achievement 
of public participation relies upon how far the public is permitted to be involved. We can claim, 
that public participation is inevitable not only for sustainable planning but also for the 
implementation phase for instance by formulating citizen advisory committees. 
 
User groups are not the only stakeholders of an urban transport development plan and 
implementation. Because, the passengers are just looking for comfortability without caring 
about cost, but, transport companies looking for decreasing costs and government involved in 
maintain system and keeping the user satisfied but not letting the budget go out. From here, we 
distinguished among stakeholders’ participation and separate multi-stakeholder groups related 
to a public transport system development decision into three groups (users, non- users, local 
governmental representative). The other stakeholder groups like civil organizations, banks, 
local and state government or even suppliers of the public transport are the main direction of 
preference. In the final development decision it is important to consider all parties, however, 
for the early stage of decision making groups e.g. civil organizations and banks could be 
matched to one of the main three stakeholder groups. The research concentrated on those groups 
which are practical to be surveyed in the first round of development decision making, but our 
model could and will be extended to broader circle of transport stakeholders. 
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The motivations of these different groups differ; passengers require the highest possible service 
quality without considering cost aspects that are very important for the operator company, and 
the government. The representatives of the municipality endeavor to raise public satisfaction 
while the public transport company focuses on rather technical issues and operational efficiency.  
 
All cities in the world encounter from the population growth and expeditious suburbanization, 
this makes employment public transportation a solution to reduce traffic, environmental and 
public health problems. Chasms between the public and the local government representatives 
become more and more blurred, making it more straightforward for passengers to directly 
compare their experiences with public offices to those with government or private sector offices. 
Public participation in decision making implies a probability for them, to impact the 
improvement of approaches and laws which influence them, citizens should have the 
opportunity to influence decisions that affect their lives.  
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Chapter 2 
 

2. Literature Review on Public Transport Development 
Decisions 

 
All cities around the world, whether it is an emerging or a developed city, are facing with 
population growth and expeditious suburbanization. The implementation of public 
transportation is a means to reduce significantly the traffic congestions, environmental, 
financial and public health problems (Smeed, 1968; Stokols et al., 1978; Cullinane, 1992; Acutt 
and Dodgson, 1997; Eliasson et al., 2009; Redman et al., 2013; Anderson, 2014). 
Predominantly, these critical issues made public transportation (PT) development the focal 
point issue for researchers, local government representatives and operators in the big cities, 
because improving transportation system is an efficient strategy to promote sustainable cities. 
 
Evaluating the impact of public transport fare on commuters’ travel behavior has been analyzed 
in order to detected the main issue to captivate more passenger to use PT (Hay, 1986). Glaister 
and Lewis integrated a new fare policy in order to decrease congestions and reduce traffic in 
peak hours (Glaister and Lewis, 1978). Ameliorating PT mode by considering the validity of 
the daily travel times was the main issue to manage the traffic and fuel conversation strategies 
(Taylor, 1982). Webster and Bly evaluated PT system by observing not only the supply quality 
criteria of PT system, but also, the real demand criteria of the system, which was an attempt to 
reduce operation costs and the traffic problem (Webster and Bly, 1982). Moreover, PT 
improvements issue was the focal point of several EU projects, where as part of the EU 7th 
Framework funded project ‘Quietening the Environment for a Sustainable Surface Transport’ 
(QUIESST), the experts evaluated noise barriers issue to access sustainable surface transport 
infrastructure  (Oltean-Dumbrava et al., 2016). Despite that, in OPTIMA, an EU funded project, 
the researchers worked on improving PT by identifying optimal urban transport strategies for a 
range of urban areas within the EU. That study, which is reported elsewhere (May et al. 1999) 
produced some initial recommendations, but also identified a number of shortcomings in the 
approach. These were subsequently addressed in another EU funded project, FATIMA 
(Financial Assistance for Transport Integration in Metropolitan Areas). FATIMA generated 
optimal strategies both based on public policy objectives and using variants of these to reflect 
the requirements of the private sector in financing and operating transport systems. In parallel, 
another EU funded project, TRENEN, involved optimization using a single link model of a 
range of European cities (Proost and van Dender 1999). The econometric modelling of choices 
was used to achieve sustainable urban transport and select the optimal model for the existed 
system (Berki, 2015; Berki and Monigl, 2017) , also the effect of supporting the public transport 
policy based on intersection controlling was analyzed (Maghrour Zefreh et al., 2017). As a new 
planning and operational method, the demand-capacity coordination method was employed for 
designing stops, routes, operational time, travel frequency and modelling the seat reservation 
process in order to increase passengers satisfaction (Csiszár and Zarkeshev, 2017). The 
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production function of public transport system analyzed to estimate public transport system 
performance (Gaal et al., 2015). 
 
On one hand, Cruz and Katz-Gerro highlighted the main role of PT in reducing the 
environmental impacts, and they shed light on the non-efficient decisions by the decision 
makers because of the gap neglection between the values and practice (Cruz and Katz-Gerro 
2016). Reducing congestion by improving traffic flow is a recommended solution. On the other 
hand, (Patterson et al., 2019) declared that increasing the usage of public transport by switching 
citizens from their own cars to public transport, will provide more sustainable and cleaner 
environment. The concomitant benefits include reduced traffic congestion, safe, walkable 
neighborhoods, and reduced emissions of carbon dioxide, nitrogen dioxide, particulate matter, 
and other pollutants. 
 
The scientific literature has listed some influencing factors that might help in turning this 
environmentally threatening trend around, e.g. through reduced transit times and reduced 
distance from home to transit stations such as (Chuen, Karim and Yusoff, 2014) increased 
vehicle accessibility (Corpuz, 2007), decreased travel time (Kwan, Sutan and Hashim, 2018) or 
improved non-general elements of the supply quality, such as the perspicuity of the timetables 
(Duleba, Mishina and Shimazaki, 2012). Thus, the projects endeavoring to increase public 
transport utilization must focus on some of the crucial attributes of the particular public 
transport system and allocate the financial resources for the development of the most preferred 
elements of the supply quality.  
 
De Oña et al. (2013) investigated the importance of the bus service quality and how it impacts 
clearly passengers satisfaction (De Oña et al., 2013). Jain, et al. highlighted the main criteria 
related to efficient public transport by using a pairwise comparison method (Jain et al., 2014). 
van der Waerden et al. used a hierarchical information integration approach to evaluate 
passengers’ demand regarding the interior of public bus transport (van der Waerden, 
Couwenberg and Wets, 2018). Their outcomes showed that passengers prefer comfortable seats 
on the bus and also prefer a bus as an accessible vehicle. The importance of public transport 
service quality was the focal point for many other studies (Pala and Oz, 2015; Morton, Caulfield 
and Anable, 2016; Suman, Bolia and Tiwari, 2017; Moslem and Duleba, 2018; Ojo, 2019; 
Karoń and Żochowska, 2020). 
 
For urban transport, an evident step forward could be to motivate citizens to shift from private 
vehicle use to public transportation. Contrarily, the tendencies are contrary, especially for the 
cities of developing countries (Kwan, Sutan and Hashim, 2018) in which the inadequate public 
transport network has caused people to turn to private cars.  The key elements of public 
transport services are most commonly determined by the urban transport operator, often with 
the participation of representatives of the municipality (Hrelja, 2015). Most likely, a top-down 
decision has been made not only in emerging countries but also in developed countries, and this 
decision does not necessarily reflect public opinion. Thus, the sustainability of this decision 
cannot be ascertained; perhaps the public act in a contrary way if preferences of the society and 
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citizens are not considered in a transport development decision and the original objective, the 
shift to public transport, cannot be reached (Kylili and Fokaides, 2015).  
 
The prominence of service quality in the public transportation sector has been capaciously 
investigated, including public bus transport  (Duleba, Shimazaki and Mishina, 2013; Morton, 
Caulfield and Anable, 2016; Suman, Bolia and Tiwari, 2017; Duleba and Moslem, 2018a), 
airline business (Jiang and Zhang, 2016; Ghorabaee et al., 2017; Perçin, 2018; Tsafarakis, 
Kokotas and Pantouvakis, 2018),  rail transport (Aydin, 2017; Huang et al., 2017; Yilmaz and 
Ari, 2017), public bicycle (Ji et al., 2017; Morton, 2018). All aforementioned studies on 
transportation services have depicted that quality is one of the key factors impact passenger 
satisfaction to use transportation services. 
 
In spite of that, in recent years it has become well-known that sustainable local development 
decisions may only be made by considering the interests of different stakeholder groups 
(Ioppolo et al., 2016). Evidently, this also refers to urban transport service development, in 
which three main stakeholder participants can easily be identified: passengers, potential 
passengers and local government. The crevasses between the different group representatives 
become more and more mackled, making it more straightforward for users to directly compare 
their experiences with public offices to those with government or private sector offices. Users’ 
involvement in decision-making implies a possibility for the users to influence the improvement 
of regulations and laws which impact them, and that citizens should have the opportunity to 
influence decisions that affect their lives (U.S. Department of Transportation, 2015).  
 
Merely, public transport system improvement can be successful in the long term, which 
integrates the needs of the different citizen groups; in case one or more are violated, the impact 
(e.g. on the environment) will not be as expected by the local government representatives 
(Bergman, 2018). Moreover, because of the different motivations, available information, 
perception, expertise and interest, the demand for development might differ severely among 
passengers and other stakeholders in urban transport planning (Corazza et al., 2016; Duleba 
and Moslem, 2018a). The government representatives and experts may consider cost and 
technical issues while the users and potential users of public transport may have more subjective 
opinions based on their perceptions of the journey. It is advisable for all public service 
development projects to examine the conflict among the needs of the involved groups before 
launching the implications.  Measuring the gaps among the requirements is a powerful tool in 
decision making and the first step for coordinating the conflicts in case of large discrepancy. 
Coordination should be fair (Scala et al., 2016) and target-oriented (Van den Honert, 2001) and 
in case of urban transport, it should serve sustainability (Li et al., 2018). 
 
Consequently, a proper methodology is necessary for public transport planning, which can 
survey the needs of the stakeholders, measuring the deviation in needs and creating an 
acceptable consensus among the groups. Furthermore, the complexity of public transportation 
development decisions due to the various criteria that have to be considered, the multi-criteria 
decision methods (MCDM) seemed worth studying (Suganthi, 2018). 
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The most frequent activity of all human all the time is making decisions. The aim of MCDM 
methodologies is supporting the decisions based on the decision makers’ understanding to make 
better decisions. In spite of that, these methodologies have been applied widely in different 
transport engineering projects for evaluating and solving the complex problems (Massam, 1988; 
Tanczos, 1998; Poh and Ang, 1999; Janic and Reggiani, 2002; Bekefi, Kiss and Tanczos, 2003; 
Yedla and Shrestha, 2003; Mavi, Zarbakhshnia and Khazraei, 2018; Petrović, Madić and 
Antucheviciene, 2018; Ignaccolo et al., 2019; Ližbetin, 2019; Mardani et al., 2019; Stoilova, 
2020).  
 
but also in diverse engineering fields, e.g. in civil engineering (Zavadskas et al., 2018; 
Chalekaee et al., 2019), in mechanical engineering (Huang et al., 2018; Singaravel, Shankar 
and Prasanna, 2018), in computer engineering (Eswaran, Sripurushottama and Jain, 2018; 
Yıldızbaşı and Daneshvar Rouyendegh, 2018). Also in electrical engineering (Wu, Liu and 
Wang, 2017; Lee and Chang, 2018), in industrial engineering (Roy, Mohanty and Mohanty, 
2018; Sidhu et al., 2018), in aerospace engineering (Jayakrishna et al., 2018; Agrawal, Darak 
and Bader, 2019), in environmental engineering (Değirmenci, Bingöl and Sofuoglu, 2018; 
Zolfani et al., 2018). there are examples for the application in architectural engineering 
(Amoozad Mahdiraji et al., 2018; Vinodh and Shinde, 2018), in robotics engineering 
(Kouzehgar et al., 2019; Narayanamoorthy et al., 2019), in agricultural engineering (Brown, 
Daigneault and Dawson, 2019; Kolagar, 2019), and last but not least in marine engineering 
(Animah and Shafiee, 2019; Chen et al., 2019). 
 
In point of fact, one of the most popular MCDM approaches that support decision makers’ 
decisions, is the Analytic Hierarchy Process (AHP) approach. The popularity of the AHP 
approach comes from its dynamical logic which is quite different from the traditional logic that 
that involves breaking down a complex problem through a deductive process into a linearly 
linked chain (Books). The approach reflects the real perception of the problems by the involved 
stakeholders based on a dynamic questionnaire survey (Chen and Deng, 2018; Duleba and 
Moslem, 2018a). The first real application of AHP approach was in Sudan in the 1970’s , the 
aim of the application was developing country’s transportation plan, and the founder of the 
AHP was the leader of the study along two years (Islam and Saaty, 2010). Furthermore, AHP 
approach has several applications in the field of transportation since its first application in a 
real transportation plan, and the following works represent the most significant applications of 
AHP approach in transportation field. 
 
Improving public bus transport supply quality system in Mersin city (Turkey) by the application 
of AHP approach based on a new proposed model, considering different stakeholder groups 
(forty users, forty non-users, fifteen local governmental officers and two managers). Further, 
they shed light on the significant preferences among the stakeholders’ groups, moreover, the 
zero level in the new model targeted to create logical coordination for supporting public 
transport improvement decision making and make it more sustainable (Duleba and Moslem, 
2018a). 
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Boujelbene and Derbel (Boujelbene and Derbel, 2015) worked on tracing the weaknesses of 
the public transport performance in different cities of Tunisia to contrive solutions and improve 
them by applying AHP. They developed an evaluation criterion to compare different operators 
working in similar conditions to find the best performing public transport operator. Salavati et 
al. (Salavati et al., 2016) proposed a clustering approach combined with AHP to evaluate public 
transportation in Isfahan city (Iran). Song et al. (Song et al., 2017) enumerated the most crucial 
factor related to urban transit system (by applying Interpretive Structural Modelling (ISM) 
approach), as a methodology, they applied an ISM-approach.  
 
Vaidya (Vaidya, 2014) applied the AHP approach to evaluate the relative performance of 
twenty six public urban transportation organizations in India using nineteen criteria clustered 
as operational, financial, and accident-based types, to help local government representatives to 
achieve better results. Although the AHP is used for several multi-criteria problems, such as 
improving the quality of public transportation, the technique is not satisfactory for all types of 
studies and has some inability e.g. produces not reliable results  (Feizizadeh and Ghorbanzadeh, 
2017).  
 
Duleba et al. constructed the non-hierarchical interrelation between criteria in the different 
levels of the hierarchical model. The Interpretive Structural Modelling (ISM) tool had been 
used with AHP approach in order to improve public bus transport system in Yurihonjo (Duleba, 
Shimazaki and Mishina, 2013). Garrido et al. (2014) have ranked the most important attributes 
of service quality related to public transport while considering the passengers’ point of view.  
 
Duleba et al. created a three-level-hierarchical model to enumerate the public bus transport 
system of Yurihonjo city in Japan (Duleba, Mishina and Shimazaki, 2012). The hierarchical 
structural consisted of 24 supply quality criteria. The dynamical questionnaire survey for the 
analysis was constructed based on hierarchical model. Forty-seven participants (passengers, 
local governmental officers and company directors) evaluated the constructed survey. The 
difference in raking was detected among the different evaluator point of view. 
 
Public participation in the future decision plans related to urban transport is a significant issue, 
not only because it will improve the efficiency of the decisions, but also it will enhance 
passengers’ motivations. The participation process based on different aspects regarding to the 
city policy. For the research purpose, along with the consideration that for transport supply 
quality both tangible and intangible factors have to be participated as elements of the decision 
structure (de Luca, 2014; Sidorchuk et al., 2015) and also regarding the success of application 
in sustainable transport issues (He et al., 2016), the hybrid Analytic Hierarchy Process (AHP) 
model has been created.  
 
For analyzing the transportation complex issues by using econometric methodological tools, 
the discrete choice model has been applied widely. For instance, the optimal tax structure for 
passenger transport, car ownership and car use have been evaluated by applying discreet choice 
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model (De Borger and Mayeres, 2007).  The discrete choice model also used for evaluating the 
freight shipper preferences for the main criteria that define the service offered by the different 
transport modes (Arencibia et al., 2015).  
 
Moreover, the discrete choice model has been applied for estimating the route choice behavior 
to explain public transport passengers’ preferences and to predict traffic flows, considering 
multimodal public transport networks as a target model (Anderson, Nielsen and Prato, 2017). 
Furthermore, the public bus transport service quality criteria has been evaluated by using the 
random utility theory combined with discreet choice model (Baidoo and Nyarko, 2015). 
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Chapter 3 
 

3. New Methodological Concepts on Analyzing Public Transport 
Development Decisions 

 
 

3.1  Multi Criteria Decision Making Concepts and Optimizations 
 
In the real life, we constantly make decisions and almost all decisions and planning problems 
contain multiple conflicting criteria, it is always difficult to represent a problem with only one 
criteria, if it is founded, then it will be insufficient to make an efficient decision. It seems, 
therefore, many real decisions in the real world are quite complex, such problems in general, 
are familiar as multi criteria decision making (MCDM) problems. Mostly, there are two 
branches involve in composing MCDM, the multiple criteria optimization and multi criteria 
decision analysis (MCDA). However, MCDA is gardant to multiple criteria problems that 
involve a limited number of alternatives, while, the multiple criteria optimization is concerned 
with directed problems that are represented by problem equations and using mathematic.  
 
Several MCDM methodologies have been generated and conducted since 1950s. Nevertheless, 
multiple MCDM approaches have been created in a short period of time since its first 
appearance. The researchers focused on many theories of MCDM based on the algorithms and 
linear programming to analyze the complex problems. In spite of that, the most important works 
done after fifteen years, where new studies highlighted innovative ideas regarding MCDM. The 
fuzzy applications and the integrated data analysis was the most emanated in that duration of 
time. In this way, MCDM could continue to sustain filed methodologies to support decision 
processes in many fields for several decades. The most applied approaches during this period 
were the following methods: 
  

3.1.1 The Analytic Hierarchy Process (AHP) and The Analytic Network Process (ANP) 
 
Tomas L. Saaty developed the AHP approach as a decision support tool in the 1970s, the 
method consider one of the most popular MCDM methods, its analysis process mainly based 
on pairwise comparison, which based on a hierarchical structure (Saaty, 1977). AHP played an 
important role to solve many real complex problems (Bhushan and Rai, 2007). The 
mathematical simplicity and flexibility of AHP provides the decision makers with an efficient 
process to transform the subjective judgments into objective measures. Saaty also constructed 
the Analytic Network Process (ANP) as a generalization of the AHP to deal more efficiently 
with the interdependence of attributes, interrelations and feedbacks among the criteria and the 
alternatives in the complex problems (Saaty and Vargas, 2006). AHP and ANP are 
mathematically proven, the eigenvector method and their methodology is correct, Hence, the 
ANP deal with those limitations, that the hierarchy in AHP is not always strict as should be and 
the interrelations between factors are existing. On the other hand, it is relatively a hard task to 
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fill up the Supermatrix of ANP by non-expert evaluators. But, when the decision structure is 
hierarchal, then AHP from mathematical point of view is more effective. Moreover, both 
applications were predominantly the dominant applications in almost all the real world fields 
e.g. construction, transportation, mining, power, energy, agriculture, environment, 
manufacturing, healthcare, education, tourism, marketing, banking, finance, and several 
engineering fields. 
 

3.1.2 The Multi Attribute Utility Theory (MAUT) 
 
MAUT is an extension of Multi-Attribute Value Theory (MAVT) (Fishburn and Keeney, 1974), 
its popularity is almost similar to the AHP approach. It used commonly to deal with the complex 
problems. However, AHP and MAUT approaches have similar consistent preference structures 
(Lai, 1995). The methodology was used in different area studies. 
 

3.1.3 Elimination and choice expressing reality (ELECTRE) 
 
ELECTRE, is a French word, which means the elimination and choice expressing reality. The 
main advantage of the ELECTRE is the clearer view of alternatives by eliminating less 
favorable ones, however, it only produces a core of leading alternatives  (Roy, 1990). The 
approach has been used in different fields like construction, transportation, management, 
finance, healthcare, environment protection.  
 

3.1.4 Preference ranking organization method for enrichment evaluation 
(PROMETHEE) 

 
PROMETHEE consider one of the simplest approaches to be applied and it has a similar roots 
with ELECTRE, both of them are outranking method. PROMETHEE has a big family includes 
“PROMETHEE I, … , PROMETHEE VI”. But, the software package is complex to produce 
(Brans and Vincke, 1985). Like other approaches, it also considers the uncertainty and 
vagueness. Its simplicity made it a popular application for decades. 
 

3.1.5 The technique for order of preference by similarity to ideal solution (TOPSIS) 
 
This application is mathematically proven, and the full use of attribute information provides a 
cardinal ranking of options. Furthermore, it has a simple process and it is easy to be 
implemented in different fields. However, the ranking reversal and the correlations between 
criteria cause main limitations of the approach. Moreover, the uncertainty in obtaining the 
weights either only by objective methods or subjective methods is a crucial issue in this 
methodology (Yoon, 1987). 
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3.1.6 Simple Multi-Attribute Rating Technique (SMART)  
 
SMART technique considers the simplest version of MAUT. This technique converts the 
important weights into real numbers (Olson, 2001). It is easy to apply and needs less effort by 
the decision makers than MAUT. This implicitly made the technique fairly popular. 
 

3.1.7 The Multi-Actor Multi-Criteria Analysis (MAMCA) 
 
MAMCA is considered to be an appropriate tool to generate optimal results for those cases 
whereby different stakeholder groups involve in the survey in order to evaluate a specific 
complex issue. The methodology has been used to evaluate several transportation complex 
problems (Macharis, 2005; Macharis, De Witte and Turcksin, 2010; Verlinde and Macharis, 
2016). 
 
The MCDM methodologies were intensively used all over the world in different fields (Ishizaka 
and Nemery, 2013; Gupta et al., 2018; Stojčić et al., 2019). 
 

Table 3. 1 A concise explanation of MCDM methodologies (Ishizaka and Nemery, 2013; Greco, 
Figueira and Ehrgott, 2016) 

Method Expediency Lameness 

AHP 
Flexible; Easy to apply; Consistency in 
enumerating; Eigenvector method; Not 
require intensive data 

The hierarchy is not strict in all situations; 
Interdependence and interrelation between 
the criteria and alternatives not flexible; 
rank reversal; limited number of criteria 
and alternatives 

ANP 

Not require intensive data; Methodology 
correct; Interrelation, Interdependence and 
feedbacks between the criteria and 
alternatives are flexible 

Not easy to apply (it is hard to fill up the 
super matrix) comparing to AHP 

MAUT Takes uncertainty into account; can 
incorporate preferences. 

Needs a lot of input; preferences need to 
be precise. 

PROMETHEE Easy to apply 
Ambiguous approach for assigning 
weights 

TOPSIS 
Simple process for application; The usage 
of criteria information provides a cardinal 
ranking options 

Rank reversal; Hard to measure the 
uncertainty;  

ELECTRE 

Mathematically proven; Clearer view of 
alternatives by eliminating less favorable 
ones; Consider the uncertainty and 
vagueness 

Generate only core of leading alternatives; 
Explaining the results is quite difficult to 
explain in layman’s terms 

SMART 
Simple; allows for any type of weight 
assignment technique; less effort by 
decision makers. 

Procedure may not be convenient 
considering the framework. 

SAW Simple method, based on the weighted 
average. 

There is no consistency checking in direct 
evaluating for priority vector. 
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The AHP is for organizing our mental processes to deal with complexity. Its assumptions and 
computations are simple as they should be if they are to be trusted by the layperson providing 
judgments. Using it in practice requires care and advanced homework to avoid 
misunderstanding and oversimplification. There are more than a dozen books and a sizable 
number of theoretical papers have been written on the subject.  
 
The common limitation of the AHP approach is that there can be a number of groups involved 
in a problem and using crisp numbers to express their opinions in the pairwise comparison 
matrices is difficult (de Brito, Evers and Almoradie, 2018).  The decision makers or different 
groups of decision makers are sometimes not actually fully aware of the nature of the criteria 
or they have their own preferences with respect to evaluate the criteria (Lehner et al., 2018). In 
addition, not all groups or members of a group will agree on a value for a specific criterion, and 
they will rarely attain agreement on a full set of weightings for decision-making (Ghorbanzadeh, 
Feizizadeh and Blaschke, 2018). The difficulties of using AHP are magnified when one 
considers a multi-criteria problem, which is fully participatory. However, it is not clear whether 
AHP can be adopted in a situation where decision makers are involved in various groups, all 
dealing with the problem that is of interest to them. The criteria ranking can be altered by even 
just a small change in the process of criteria weightings. In order to deal with these issues, many 
studies have been aimed at reducing the amount of inherent uncertainty associated with the 
AHP method.  
 
There are some researches that have suggested the use of sensitivity and uncertainty analyses 
and integration of the AHP approach with statistical approaches such as the Monte Carlo 
simulation (Ghorbanzadeh, Feizizadeh and Blaschke, 2018). Studies have also integrated the 
AHP with fuzzy logic. The fuzzy-AHP is based on different membership functions that are 
considered to be an effective and flexible technique in some cases (Larimian, Zarabadi and 
Sadeghi, 2013).  In Tunisia and Tanzania, a combined model of fuzzy entropy and fuzzy 
TOPSIS had been applied to enumerate the quality of transport service of Dar es Salaam City 
(Massami and Myamba, 2016). Interval calculus has also been integrated with the pairwise 
comparison matrices of the AHP to increase the flexibility of the results by using a wide range 
of questionnaires and to improve the reliability of the weighting results (Entani and Sugihara, 
2012). Due to the complex environment and the uncertainty of the decision makers, fuzzy 
numbers and their extensions, such as triangle fuzzy numbers (Chen, 2000), trapezoidal fuzzy 
numbers (Jahanshahloo, Lotfi and Izadikhah, 2006), interval fuzzy numbers (Chen and Tsao, 
2008), intuitionistic fuzzy elements (Boran et al., 2009), hesitant fuzzy elements (Xia and Xu, 
2011), probabilistic linguistic term sets (Pang, Wang and Xu, 2016) have also been widely 
applied in the evaluation process. The logic and methodology of the fuzzy technique have also 
been improved in recent years. 
 
This integration is helpful for solving problems that require different types of experts and 
questionnaires. Some difficulties result from differences in judgment between different experts 
concerning the same issues. The interval calculus is also more practical when experts are not 
confident about the Eigen values of AHP for making a complex decision (Chen, Yeh and Yu, 
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2011). By means of illustrative examples, our research has shown how AHP can be applied in 
a manifold of real life settings in public transportation sector. 
 
 

3.2  The Innovative Aspects of the Research 
 
The research obtained significant and robust outcomes for improving the future strategic 
decision plans with regard to the public transportation system. The public bus transport supply 
quality model was integrated for a developing city and developed city, which can be considered 
as a novel research approach. In the incumbent research, we separated passenger, non-passenger, 
expert (transportation operators) and local government representatives groups in AHP 
questionnaire survey and examined the difference between group preferences. Moreover, Fuzzy 
AHP (FAHP) and Interval AHP (IAHP) approached were conducted for the level calculation 
of satisfaction based on the opinions of three different evaluator groups in order to point out a 
comprehensive understanding of the satisfaction of different groups. Furthermore, the necessity 
of Pareto efficiency test for AHP survey was highlighted. 
 
 

3.3  Research Objectives 
 
The core issue when we strive to analyze and solve any complex problem is choosing a suitable 
MCDM approach (or a combination of approaches). Hence, the main intention is supporting 
the decision of development of public bus transport system supply quality. For this purpose, 
MCDM and its integrated approaches have been utilized. At the beginning the traditional AHP 
approach was applied to ameliorate PT supply quality system and highlight citizens’ real 
demand  and comparing their demand preferences with the local government representative. 
After that the Group-AHP approach was implemented to get a general preferences for the 
different evaluator groups. For the same purpose, the Interval-AHP was conducted. Moreover, 
Fuzzy-AHP was applied to overcome the uncertainty problem in the evaluators’ responses. 
Pareto-AHP model was conducted to provide more efficient scores through testing the 
efficiency of the Eigen vector. Moreover, some statistical techniques have been conducted to 
detect the agreement level between the different evaluator groups. 
 

3.4  Methodology and Technological Excellence 
 
In the current research, the most popular MCDM methodologies have been used in order to 
evaluate public bus transportation system supply quality. We used techniques in purposive way, 
we adopt them for the current problem. Pareto-AHP model was conducted for a  real world 
application to ameliorate PT supply quality. Moreover, the well-known AHP has been amended 
by Kendall (statistical method) technique, and this might contribute to the theoretical and 
practical group AHP. Furthermore, FAHP has been used for getting more trustworthy 
evaluation group wisely and then applied the IAHP technique for gaining consensual final 
results. 
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The dissertation is organized as follows:  
 
Thesis 1:   In Chapter 4, I conducted the traditional AHP approach for evaluating PT supply 

quality system in Mersin city, Turkey. Three different groups were involved in 
the questionnaire survey (users, non-users and experts). Moreover, the Group-
AHP (GAHP) technique was implemented to get the final aggregated scores for 
all participants.  

Thesis 2:   In Chapter 5, For estimating PT supply quality in Mersin, I developed the 
hierarchical model to aggregate different evaluators’ response by adding a new 
level to hierarchal structure and also the traditional AHP approach was applied. 
Furthermore, I employed Kendall’s coefficient of concordance to detect the 
concordance among the different evaluator groups 

Thesis 3:   In Chapter 6, the Interval-AHP (IAHP) was conducted  to contrive the final scores 
for all participant groups, which interns consider the uncertainty risk in the public 
survey, I used the interval calculations, which for   could dealing with the 
diversity in the opinions of our different target groups and make a reliable 
overview from the opinion of the all questionnaires. I collected the data and 
computed the final aggregated scores for all participants. 

Thesis 4:   In Chapter 7, for sustainable public transport development, I conducted Fuzzy- 
AHP (FAHP), to overcome the uncertainty problem in the evaluators’ answers, 
where I we fuzzified the hierarchical analysis by allowing fuzzy numbers for the 
pairwise comparisons of different evaluator groups. By that, we can deal with the 
vague concepts and uncertainty, because the fuzzy logic imitate the human 
reasoning and provide robust outcomes. 

Thesis 5:   • In Chapter 8, Pareto-AHP model was applied for estimating the public 
transport supply quality, the Pareto optimality test has been performed on the 
AHP approach to test the efficiency of the Eeigen vector. pcmc.online has been 
applied for Pareto efficiency test. I applied AHP approach and geometric mean 
technique. Also, I was the research organizer for all previous works. 

 
In all research parts I conducted the surveys. Moreover, in Thesis 1, I conducted AHP approach 
and divided the participants into three different groups to detect their preferences. In Thesis 2, 
I applied AHP approach for the three different evaluator groups and developed the hierarchal 
model, furthermore, I employed Kendall’s coefficient of concordance to highlight the 
agreement degree among them. In Thesis 3, I used AHP approach to calculate the final scores 
for the different evaluator groups. In Thesis 4, I implemented Fuzzy-AHP (FAHP) and 
aggregated the final scores for the different participant groups by using geometric mean 
technique. In Thesis 5, I applied AHP approach and geometric mean technique. Also, I was the 
research organizer for all previous works. 
 
The investigations spotted the light on the denomination of improvements that should be taken. 
Furthermore, the research clarified what kind of strategic decisions should be made in the future 
to buttress the oncoming strategic decision plans. 
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Chapter 4 
 

4. MCDM for Admeasuring the Separateness of Preferences for 
Urban Transport Development 

 
 

4.1  Introduction and Contributions 
 
The population growth and rapid suburbanization make utilizing urban transportation, the focal 
point solution to decrease traffic, environmental and public health problems. However, multi 
criteria decision making (MCDM) methodologies are the most preferable for decision makers 
to make decisions for these kinds of complex problems. The supply quality of an urban transport 
system can be characterized by a few frequently alluded criteria. These criteria are often not 
fully considered in emerging countries by decision makers, generally, the decisions are made 
through a top-down process, while preferences of the demand side would also be essential.  
 
In this part, we suggest an approach aiming to get overview of passenger’s demands and non-
passenger’s demands as well.  As a case study, one of the biggest cities in Turkey (Mersin) was 
selected. Mersin city is a large city and a port on the Mediterranean coast of southern Turkey 
with 1.7 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, and as evaluators, the citizens and local 
government representatives (LGR) have participated in the survey. The degree of 
citizens‘ satisfaction about public transport has been highlighted by analyzing collected data 
(where different evaluator groups 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 PT supply quality 
system in Mersin city, Turkey. I collected the data for different stakeholder groups (users, non-
users and experts). Moreover, I implemented the Group-AHP (GAHP) technique to get the final 
aggregated scores for all participants. 
 
 

4.2  Study Area 
 
Mersin locates on the Mediterranean coast of southern Turkey. The population of the city was 
1.705.774 according to the 2017 report of the Turkish Statistical Institute (TURKSTAT, 2017) 
census. Public transportation services are provided by 215 municipality's bus operations work 
on 64 lines (Fig. 4.1). There are 81 private public buses work on 4 lines and 948 minibuses 
belonging to the city cooperatives work on 57 lines. Apart from these, 668 vehicles coming 
from the districts, towns and villages participate in the intra-city passenger transport. There are 
also 480 school services vehicles, 1583 taxis, 686 of them move actively in the city. Mersin 
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city has 63 official taxi parks, and more than 90 unofficial taxi parks. Until 2015, the number 
of Motorized Land Vehicles was more than 517.017 private cars, which represent 2.7% of the 
total motorized vehicle numbers in Turkey (TURKSTAT, 2015). However, municipality's bus 
operations were the target buses to evaluate, where the daily operated bus number is 149, All 
bus models were purchased between 1990 and 2015, their fuel system is diesel, suitable for 
disabled persons, also contain air-condition, vehicle tracking system and electronic charge 
collecting system. Yearly passenger capacity operated by the Municipality is 26 million 
passengers. The number of passengers was taken from the Electronic Fare Collection System 
(average total passenger numbers surveyed in the period (04-08. May. 2015). Data had been 
collected by transportation department of Mersin municipality.  
 
The number of passengers that are carried by the buses throughout the day varies according to 
the length of the line, the length of the route, the number of round trips per day and the passenger 
productivity of the line. Despite these variables, the number of passengers carried by buses was 
taken into consideration in order to make a productivity evaluation. Bus types and capacity are 
presented in Table 4.1. 
 
The most powerful aspect of the Municipality bus operation is the fixed route, fixed time 
schedule and fixed fee, the service is open to everyone, and the one-handed administration has 
a model of transportation that fits the principles of public transport. Transfers within the first 
20 minutes are free on the Municipal Buses where the electronic fare collection system is 
applied. 
 

Table 4. 1 Bus types and numbers in Mersin Municipality 

Bus Type Moving Capacity of a Bus on One Tour 
Peak hours Out of peak hours 

18 m. Articulated bus 120 100 
12 m. Solo bus 80 70 
9 m. Bus 50 45 
7.5 m. Bus 35 30 
6 m. Bus 28 25 

 
There is a serious pollution challenge in Mersin, caused mostly by traffic and the growing 
number of vehicles that should be solved in the next ten years. According to the prepared 
Turkish air pollution report, (by the Chamber of Environmental Engineers' 2017) Mersin has 
critical complications with air pollution. The most important justifications are the increase in 
population by years, the expansion of industrial investments, inadequate inspections and 
controls in in-registry or outsourced enterprises, a serious increase in the number of vehicles 
used, energy production from fossil fuels, uncontrolled destruction of forests, forest fires, the 
poor quality of fuels that used for heating in homes and workplaces and unconscious 
combustion methods. 
 
The air pollution that affects the atmosphere directly affects the living, and it is an important 
influence on increasing diseases and decreasing living standards. Despite the temperate climatic 
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conditions, according to the World Health Organization (WHO) limit values, the number of 
days of polluted air in Mersin is 242 (except summer season). Hence, the allowed number of 
days of polluted air is 127 according to Turkish national legislation, which is very thought 
provoking and seems to be an important issue to be addressed at the local level.  
 

 
Figure 4. 1 Municipality's Bus Lines in Mersin City 

(Source: Transportation Department of Mersin Municipality) 
 
According to Turkey National Air Quality Index in 2012, Particulate Matter in the air (PM10) 
value was between (51-100 μg /m3), that represent normal situation, Sulfur Dioxide (SO2) was 
appropriate, it’s value between (0-100 μg /m3) and this value will be below the national limit 
values, even though no measures are taken between 2012 and 2024. However, PM10 index may 
cause health problems for a number of people. The main source of CO is traffic and traffic jams, 
it affects the body by entering the bloodstream by way of the lungs, hemoglobin binds 
chemically with. This material in the blood carries oxygen to the cells. In this way, CO reduces 
the amount of oxygen that reaches organ tissues. On the other hand, there is no detected risk by 
CO index in Mersin, the reason comes from the large green layer and the long beach (26 km 
inside the city of Mersin and the beach long for Mersin province is 320 km). Based on the 
introduced data, it has to be emphasized that Mersin such as many other cities in Turkey, India, 
China and many in Africa urgently need a turn towards a more sustainable urban transport 
system.  
In our esteem, the decision on this change must be supported by a well-founded methodology 
that can reflect the needs of the population in a feasible way. The methodological description 
of the applied techniques is demonstrated in the following section. 
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4.3  Materials and Methods 
 

4.3.1     The Analytic Hierarchical Process 
 
The popular Analytic Hierarchical Process approach was first developed by Saaty (Saaty, 1977). 
The AHP method was an efficient attempt to enumerate the criteria and alternatives with the 
shortest distance to the ideal solution and the farthest distance to the non-ideal solution as the 
optimum solution of the MCDM problems, which is a compromise in most situations. Another 
significant point of AHP approach is isolating the different members of open transport: 
government as a maintainer, organization as the administrator and travelers as clients. The 
conflict of their distinctive picture on key-purposes of a specific framework can be the reason 
for settling on wrong choices on transport advancement (Saaty, 1977). 
 
The logic plays a significant role in the AHP but it is not the traditional logic that involves 
breaking down a complex problem through a deductive process into a linearly linked chain. 
Linear logic includes the notion that if A is preferred to B and B to C, then A must be preferred 
to C. This type of transitivity is not necessary in the AHP. The amount of inconsistency present 
is expressed by the consistency ratio based on the principal eigenvalue of the matrix of 
judgments and on the average inconsistency of a large number of randomly generated matrices 
of different order (Saaty, 1994). 
 
AHP decomposes a complex decision problem into a hierarchical structure and creates pairwise 
comparison matrices based on the hierarchy structure. For pairwise comparison matrices (PCM-
s), reciprocity is indeed fulfilled for every PCM, hence, consistency is most likely not fulfilled 
for experiential matrices. 
 
 𝑎01 = 1/𝑎10  ,           (4.1) 
 
where  𝑎11 = 1 provided, and the consistency 
 
𝑎13 = 	𝑎10. 𝑎03 .          (4.2) 
 
Saaty’s eigenvector method applies the structure of the pairwise comparison matrices. It is 
evident, that the principal eigenvector of the matrix exhibited in Table 1. is {𝑤5; 𝑤6;𝑤7; 𝑤8, 
𝑤9 } with the maximum eigenvalue of 5. where w is the weight score. 
 

Table 4. 2 The structure of a 5×5 consistent (theoretical pairwise comparison matrix) 

𝑤5/𝑤5  𝑤5/𝑤6  𝑤5/𝑤7  𝑤5/𝑤8 𝑤5/𝑤9 

𝑤6/𝑤5  𝑤6/𝑤6 𝑤6/𝑤7 𝑤6/𝑤8 𝑤6/𝑤9 

𝑤7/𝑤5  𝑤7/𝑤6 𝑤7/𝑤7 𝑤7/𝑤8 𝑤7/𝑤9 

𝑤8/𝑤5  𝑤8/𝑤6 𝑤8/𝑤7 𝑤8/𝑤8 𝑤8/𝑤9 

𝑤9/𝑤5  𝑤9/𝑤6 𝑤9/𝑤7 𝑤9/𝑤8 𝑤9/𝑤9 
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Table 4. 3 Judgment scale of relative weight of criteria in pairwise comparisons (Saaty, 1977) 

Numerical 
values 

Verbal scale Explanation 

1 Equal importance of both elements  Two elements contribute equally  

3 
Moderate importance of one element over 
another  

Experience and judgment favour one element 
over another  

5 Strong importance of one element over another  An element is strongly favored  

7 Very strong importance of one element over 
another  

An element is very strongly dominant  

9 
Extreme importance of one element over 
another  

An element is favored by at least an order of 
magnitude  

2, 4, 6, 8 Intermediate values Used to compromise between two judgments 

 
While the experiential matrices filled by the evaluators are generally not consistent in the 
eigenvector method, while the calculation of the eigenvector coordinates is the same as for 
consistent matrices. Because of this, Saaty invented consistency check in AHP that ensures that 
all matrices meet the consistency criterion of acceptable inconsistency.  
 

𝐶𝐼 = 	 <=>?@A
A@5

		,          (4.3) 
 
where CI is the consistency index, 𝜆DEF is the maximum eigenvalue of the PCM and n is the 
number of rows in the matrix. CR can be determined by:  
 
𝐶𝑅 =	 HI

JI
		.            (4.4) 

 
Where RI is the average CI value of randomly generated PCM of the same size.  
 

Table 4. 4 The random consistency indices (RI) from randomly generated matrices (Saaty, 1977). 

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.53 1.56 1.57 1.59 

 
In AHP, the acceptable value of the Consistency Ratio (CR) is CR < 0.1. 
If A is a consistent matrix,  
 
A	W =	λNOP	W	.          (4.5) 
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Then eigenvector W can be calculated as the following equation: 
 
(A	 −	λNOP	. I)	W = 0		,         (4.6) 
 
where 𝜆DEF is the maximum eigenvalue of the matrix A.  
For determining the eigenvectors of the aggregate matrices the following formula was applied:  
 

𝑤UV = 	
WX
W
	 WVX
∑ WVZ[
Z\]

= 	 ^WX
W
	 5
∑ WVZ[
Z\]

_	𝑤10,       (4.7) 

 
 
where    j = 1, ..., m       and.     𝑤 =	∑ 𝑤0D

1`5 ; 
 
 wj > 0 ( j = 1, ..., m ) represents the related weight coordinate from the previous level; 𝑤10  >  0 
( i = 1, ..., n ) is the eigenvector computed from the matrix in the current level, 𝑤U1 ( i = 1, ..., 
n ) is the calculated weight score of current level’s elements. Sensitivity analysis enables in 
understanding the effects of changes in the main criteria on the sub criteria ranking and help 
the decision maker to check the robustness throughout the process. 
 

4.3.2   The Group Analytic Hierarchical Process 
 
The decisions usually are made by the experts in the related field, hence, in case of 
transportation projects, several different groups participate in the survey for reaching more 
sustainable decision. For aggregating all evaluators opinion in AHP approach, several 
applications were proposed and conducted in many studies e.g. the arithmetic mean (references), 
geometric mean (references) and the interval technique (references). But, the founder of AHP 
method recommended the geometric mean, when different evaluator groups are involved in the 
questionnaire survey (Aczél and Saaty, 1983). Moreover, many other researchers applied the 
technique for calculating the final scores for different groups (Kahraman, Cebeci and Ulukan, 
2003; Ishizaka and Labib, 2011; Dong, Li and Zhang, 2015). The authors employed the 
proposed technique for calculating the final scores for the three different groups evaluators. 
 
If “h” evaluators take part in the procedure 
 

 𝑓(𝑥5, 𝑥6, … , 𝑥d) = e∏ 𝑥3d
3`5

g
 .        (4.8) 

 
where 𝑥5, 𝑥6,… , 𝑥d  donates entries, in the same position, of pairwise comparison matrices, 
filled in by the decision makers. 
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4.4  Results and Discussion 
 
The study was made to enumerate the citizens satisfaction with current situation of Mersin’s 
public bus transport system supply quality. The results of presented study are comparable due 
to the different groups of participants. The characteristics of the conducted survey based on the 
hierarchical model were the followings: 
 

• The total number of raters were ninety seven citizen and local government 
representatives (LGR) evaluators (two managers in transportation dept. in the 
municipality + fifteen local government officials in transportation dept. in the 
municipality + forty passengers + forty non-passengers) were asked out of the total 
population of 1.773.852.  

• The citizens were selected randomly nearby bus stops and another public places, 
however, the local government representatives evaluators were the official workers in 
the Department of Transportation in Mersin Municipality. 

 
The survey was made in the last half of 2017 and analyzed in the first month of 2018. 
 

 
Figure 4. 2 The main steps of AHP method process 

 
The main steps for computing the results based on AHP approach are depicted in Figure 4.2. 
The first step is the most important one, where the hierarchical structure of the decision problem 
has to be constructed, in the current research, we employed the hierarchical structure of public 
transport supply quality which was created by Duleba et al., in Japan to evaluate the public bus 
transportation efficiency in one of Japanese cities (Duleba, Mishina and Shimazaki, 2012) (see 
Figure 4.3). The hierarchical structure consists of three levels, the first level contains three main 
criteria, the second level contains eleven sub-criteria and the third level contains ten sub-criteria.  
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Before conducting the questionnaire survey through the research work, the most related 
attributes of public bus transport supply quality has been conducted. This resulted in twenty 
four attributes with the following interpretations (Duleba, Mishina and Shimazaki, 2012). 
 
 

Table 4. 5 A brief description of public transport supply quality criteria 

Criteria Explanation 

C1 “Service quality”, the surrounding conditions of transport 

C2 “Transport quality”, during the time spent on vehicle 

C3 “Tractability”, getting information from every aspect 

C4 “Physical comfort”, comfort of seat, crowd, air condition 

C5 “Mental comfort”, contains environmental aspects, politeness of driver 

C6 “Safety of travel”, feeling safe inside, accidents with the bus, security 

C7 “Perspicuity”, clear understanding for schedule and information 

C8 “Information before travel”, amount and quality of information 

C9 “Information during travel”, quantity and quality of information available 

C10 “Approachability”, getting access to transport 

C11 “Directness” reaching the destination without shifting vehicles 

C12 “Time availability” the time frame when using certain vehicle 

C13 “Speed”, speed of whole travel process 

C14 “Reliability”, the quality of being trustworthy 

C15 “Distance to stops”, reaching the stops for travel 

C16 “Safety of stops”, subjective feeling related to security in bus stops 

C17 “Comfort in stops”, heating and cooling systems, seats, roof 

C18 “Need of transfer”, do passenger has to change or not 

C19 “Fit connection”, between bus lines or between other type of public transportation and bus lines, 
guarantee of transfer 

C20 “Frequency of lines”, scheduled frequency of the buses 

C21 “Limited time of use”, on a daily basis, the time between the first and the last line of the day 

C22 “Journey time”, related to speed of the vehicle, (get on_ get off) 

C23 “Awaiting time”, waiting for public transport 

C24 “Time to reach stops” the time to get to the first bus stop of the travel 
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Figure 4. 3 The hierarchical structure of the decision problem 

(Source: Duleba et al., 2012) 
 
In the second step, the pairwise comparison matrices were created, the first level contains on 
(3×3) matrix, the second level includes two (3×3) matrices and one (5×5) which is the biggest 
matrix in our decision problem, the last level contains two (2×2) matrices and two (3×3) 
matrices, in total we had twenty seven pairwise comparisons in the constructed questionnaire 
survey (the third step in the process). The sample of the pairwise comparison survey is depicted 
in figure 4.4. After filling up the surveys, we measured the consistency of the matrices in the 
fourth step and all matrices were consistent according to the consistency ration limitations. In 
the fifth step, we aggregated the evaluator answer for each group, and we computed the weight 
vectors in the sixth step. After that the final weight scores of the criteria were computed in the 
eighth step. And in the last step, the sensitivity analysis was conducted to detect the robust of 
the outcomes. 
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Figure 4. 4 A sample of the pairwise comparison questions 

 
The duration time for filling up the questionnaire survey last about (25-35) minutes for both 
passenger and non-passenger evaluators side. In spite of, the duration of time was smaller by 
ten minutes and more for local government representatives side. The reason come from the 
expert background of all the relevant public transport supply quality criteria. 
 
The local weight scores of the criteria in different levels in hierarchy structure were calculated 
for passenger groups and results are depicted in Table 4.6, while for non-passenger group, the 
results are depicted in Table 4.7, and for local government representatives group the results 
depicted in Table 4.8. However, the Consistency Ratios (CRs) of all matrices was computed 
and it was smaller than 0.1 which consider acceptable to complete the calculations as Saaty 
recommended (Saaty, 1977). 
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Table 4. 6 The local weight scores of the criteria for passenger rater groups 

Level 1 Level 2 Level 3 
Supply Quality Service Quality Approachability 

Service Quality 0.3743 Approachability 0.2326 Distance to stops 0.4643 
Transport Quality 0.4658 Directness 0.2581 Safety of stops 0.2926 

Tractability 0.1599 Time availability 0.2471 Comfort in stops 0.2431 

 

Speed 0.0791 Directness 
Reliability 0.1831 Need of transfer 0.1525 

Transport Quality Fit connection 0.8475 
Physical comfort 0.2689 Time availability 
Mental comfort 0.1523 Frequency of lines 0.6772 
Safety of travel 0.5788 Limited time of use 0.3990 

Tractability Speed 
Perspicuity 0.1921 Journey time 0.2646 

Information before travel 0.4622 Awaiting time 0.2360 
Information during 

travel 
0.3457 Reaching time 0.4994 

 
 

Table 4. 7 The local weight scores of the criteria for non-passenger rater groups 

Level 1 Level 2 Level 3 
Supply Quality Service Quality Approachability 

Service Quality 0.2532 Approachability 0.0903 Distance to stops 0.1602 
Transport Quality 0.3927 Directness 0.1057 Safety of stops 0.5276 

Tractability 0.3541 Time availability 0.1981 Comfort in stops 0.3122 

 

Speed 0.1728 Directness 
Reliability 0.4332 Need of transfer 0.290 

Transport Quality Fit connection 0.710 
Physical comfort 0.2607 Time availability 
Mental comfort 0.2765 Frequency of lines 0.6549 
Safety of travel 0.4628 Limited time of us 0.3451 

Tractability Speed 
Perspicuity 0.2739 Journey time 0.2421 

Information before travel 0.2181 Awaiting time 0.2945 
Information during travel 0.5080 Reaching time 0.4644 
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Table 4. 8 The local weight scores of the criteria for LGR rater groups 

Level 1 Level 2 Level 3 
Supply Quality Service Quality Approachability 

Service Quality 0.1375 Approachability 0.1353 Distance to stops 0.1756 
Transport Quality 0.2776 Directness 0.2521 Safety of stops 0.2621 

Tractability 0.5849 Time availability 0.2452 Comfort in stops 0.5623 

 

Speed 0.2791 Directness 
Reliability 0.0883 Need of transfer 0.5841 

Transport Quality Fit connection 0.4159 
Physical comfort 0.4921 Time availability 
Mental comfort 0.4186 Frequency of lines 0.2262 
Safety of travel 0.0893 Limited time of us 0.7738 

Tractability Speed 
Perspicuity 0.3413 Journey time 0.3894 

Information before travel 0.3345 Awaiting time 0.2699 
Information during travel 0.3242 Reaching time 0.3407 

 
 
The final scores have been computed by considering the previous levels, despite the first level, 
where its first score results represent the final scores. However, the final scores for the second 
and third level criteria scores were conducted considering the hierarchical connections from the 
previous levels as depicted in Table 4.9\. The final score results depicted in the following tables. 
 

Table 4. 9 Different priority ranking of criteria by the evaluator groups for Level 1. 

For Passenger Side For Non-Passenger Side For LGR Side 
1 Transport Quality 0.4658 Transport Quality 0.3927 Tractability 0.5849 
2 Service Quality 0.3743 Tractability 0.3541 Transport Quality 0.2776 
3 Tractability 0.1599 Service Quality 0.2532 Service Quality 0.1375 

 
 
Predominately, in the firs level, the “Transport Quality” was the most significant main criteria 
for both passenger and non-passenger evaluator groups, however, it was the second important 
criteria for local government representatives side. While, the “Tractability” was rated as the 
most critical issue for LGR side. In the second level, the “Safety of travel” was the most 
important issue for users’ side followed by “Physical comfort”, “Directness” and “Time 
availability”, while the “Perspicuity” and “Speed” were the least important issues. Actually, the 
“Safety of travel” was also the most important criteria for non-users, but, in their point of view 
improving the information before and during the travel was also so important. The 
“Approachability” and “Time availability” were the last significant issues for them.  
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Table 4. 10 Different priority ranking of criteria by the evaluator groups for Level 2. 

For Passenger Side For Non-Passengers Side For LGR Side 
1 Safety of travel 0.2696 Safety of travel 0.1817 Perspicuity 0.2003 

2 Physical comfort 0.1253 
Information before 

travel 
0.1418 

Information before 
travel 

0.1945 

3 Directness 0.0966 
Information during 

travel 0.1336 
Information during 

travel 0.1902 

4 Time availability 0.0925 Mental comfort 0.1086 Physical comfort 0.1369 
5 Approachability 0.0871 Physical comfort 0.1024 Mental comfort 0.1158 

6 
Information before 

travel 0.0739 Reliability 0.0842 Speed 0.0384 

7 Mental comfort 0.0709 Perspicuity 0.0786 Directness 0.0347 
8 Reliability 0.0685 Directness 0.0552 Time availability 0.0336 

9 Information during 
travel 

0.0553 Speed 0.0515 Safety of travel 0.0248 

10 Perspicuity 0.0307 Time availability 0.0325 Approachability 0.0187 
11 Speed 0.0296 Approachability 0.0298 Reliability 0.0121 

 
The local government representatives group has completely a different point of view toward 
improving the most critical issue, because for them the “Perspicuity” is the most significant 
criteria, which was last second important criteria for passenger side. Obviously, the difference 
in priorities in the groups point of views make sharing all groups in decision process are very 
important in order to make more efficient and sustainable decisions. 
 
The third level priorities also shows a clear difference among the evaluator groups. As it is 
depicted in table 4.9, we can see that the most significant criteria is “Frequency of lines” 
followed by “Need for transfer”, “Directness to stops” and “Fit connection”, which was the 
most critical issue for non-passenger side followed by “Time to reach stops”, “Frequency of 
lines” and “Need for transfer”. The “Limited time of use” was the most important criteria for 
local government representatives group side, followed by “Need for transfer”, “Journey time” 
and “Fit connection”, while, the last important criteria for them were the “Safety stops” and 
“Distance to stops”. 
 

Table 4. 11 Different priority ranking of criteria by the evaluator groups for Level 3. 

For Passenger Side For Non-Passengers Side For LGR Side 
1 Frequency of lines 0.0649 Fit connection 0.0392 Limited time of use 0.0260 
2 Need for transfer 0.0604 Time to reach stops 0.0238 Need for transfer 0.0202 
3 Distance to stops 0.0404 Frequency of lines 0.0213 Journey time 0.0160 
4 Fit connection 0.0362 Need for transfer 0.0160 Fit connection 0.0145 
5 Limited time of use 0.0276 Safety stops 0.0157 Time to reach stops 0.0133 
6 Safety stops 0.0255 Awaiting time 0.0151 Comfort in stop 0.0106 
7 Comfort in stop 0.0212 Journey time 0.0125 Awaiting time 0.0091 
8 Time to reach stops 0.0148 Limited time of use 0.0112 Frequency of lines 0.0076 
9 Journey time 0.0078 Comfort in stop 0.0093 Safety stops 0.0049 

10 Awaiting time 0.007 Distance to stops 0.0048 Distance to stops 0.0033 
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The difference in preferences are predominantly significant and several techniques are available 
to aggregate the rater’s answers. Notwithstanding, the builder of AHP method recommended 
to use the geometric mean to propose a general preference for these different points of views. 
The following tables show the final aggregated scores for all evaluator answers in each level. 
 

Table 4. 12 Score results of public evaluators in traditional AHP 

Level 1 Level 2 Level 3 
Supply Quality Service Quality Approachability 

Service Quality 0.5087 Approachability 0.1752 Distance to stops 0.4043 
Transport Quality 0.3215 Directness 0.1739 Safety of stops 0.3861 

Tractability 0.1698 Time availability 0.1550 Comfort in stops 0.2096 

 

Speed 0.1031 Directness 
Reliability 0.3928 Need of transfer 0.1525 

Transport Quality Fit connection 0.8475 
Physical comfort 0.0908 Time availability 
Mental comfort 0.3212 Frequency of lines 0.6772 
Safety of travel 0.5880 Limited time of use 0.3990 

Tractability Speed 
Perspicuity 0.3304 Journey time 0.3047 

Information before travel 0.3162 Awaiting time 0.3715 
Information during travel 0.3534 Reaching time 0.3238 

 
The final global scores for all groups shed the light on the “Service Quality” as the most 
important criteria, followed by “Transport Quality” and “Tractability”.  Furthermore, in the 
second level the most important issue is the “Reliability” followed by “Safety of travel”, Mental 
comfort” and “Directness”, while, the lowest significant criteria in same level were “Physical 
comfort”, Information before travel” and “Speed”. 

 
Table 4. 13 Final scores of the criteria for Level 1 

The criteria ranking for all evaluators 
1 Service Quality 0.5087 
2 Transport Quality 0.3215 
3 Tractability 0.1698 

 

In the third level, the most important criteria was “Fit connection” followed by “Frequency of 
lines” and “Distance to stops”, on the other hand, the last important issues were “Need of 
transfer” and “Journey time”. 
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Table 4. 14 Final scores of the criteria for Level 2 

The criteria ranking for all evaluators 
1 Reliability 0.1996 
2 Safety of travel 0.1891 
3 Mental comfort 0.1033 
4 Directness 0.0873 
5 Approachability 0.0856 
6 Time availability 0.0824 
7 Information during travel 0.0600 
8 Perspicuity 0.0561 
9 Speed 0.0538 
10 Information before travel 0.0537 
11 Physical comfort 0.0292 

 
 

Table 4. 15 Final scores of the criteria for Level 3 

The criteria ranking for all evaluators 
1 Fit connection 0.0740 
2 Frequency of lines 0.0528 
3 Distance to stops 0.0346 
4 Safety of stops 0.0330 
5 Limited time of use 0.0326 
6 Awaiting time 0.0200 
7 Comfort in stops 0.0169 
8 Time to reach stops 0.0174 
9 Journey time 0.0154 

10 Need of transfer 0.0123 
 
 

4.5  Conclusion 
 
The interrogatives related to public transport ameliorations are generally strongly connected to 
several criteria that need to be investigated. Most of the time, these criteria are in conflict and 
difficult to quantify. In the Mersin public transportation situation, three main criteria and twenty 
one sub-criteria were analyzed to evaluate the system’ supply quality. The aim was prioritizing 
the most significant supply quality criteria and highlighting the difference between the public 
and the local government representatives, moreover, computing the general preferences for all 
evaluators. The results of the final criteria scores demonstrate the importance of the public 
opinion in the decision process for the future strategic plans. Furthermore, the local government 
representatives in Mersin Municipality Transportation Department have to pay attention for 
improving the service quality as the first priority, beside improving the transport quality and 
tractability. 
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The AHP approach proved its efficiency and flexibility to apply (for analysis ….) according to 
the expert evaluators who involved in the survey. Their opinion is reinforced by the values 
calculated during the judgments consistency analysis, which were considerably lower than the 
acceptable limits. The final results are quite different from which conducted separately for each 
group, indeed the aggregation technique is recommended by Saaty who created AHP.  
 
 
 

4.6  Thesis 1 
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I constructed a dynamical AHP survey to evaluate public bus
transport supply quality from three different public transport
stakeholder groups point of view. Moreover, I utilized the group
AHP to aggregate all scores from all evaluator groups
neglecting the group characteristics in order to get
comprehensive and reliable result.
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Chapter 5 
 

5. A New Model for Supporting Public Transport Enhancement 
Decision Making by Examining the Preferences of Different 
Stakeholder Groups 

 
 

5.1  Introduction and Contributions 
 
Public transportation system numerable as the most critical issue for every city, and the decision 
makers try to make the system not only efficient as possible, but also sustainable. Hence, to 
contrive this aim, they have to ameliorate the system’s supply quality. Furthermore, they have 
to involve the citizens in the future public transport plans. Predominately, in  the United States 
of America (USA) and several European Union (EU) countries,  involving the citizens in the 
decision process consider one of the main steps during the project plan process (Moslem and 
Duleba, 2018). Where, in USA, there is law supports citizens sharing in public transportation 
decision making, and in EU the situation is almost the same. In contrast, in the emerging 
countries the circumstances are completely distinctive. Because of that, the light was spotted 
on an emerging city in order to enumerate different evaluator groups stances toward public 
transportation system improvement.  
 
The new model was created to compute the final decision for all evaluators based on the 
pairwise comparisons  and the AHP methodology logic, where a new level was added to the 
hierarchal model in order to aggregate evaluators response by conducting a dynamical approach. 
For this intention, the Analytic Hierarchy Process (AHP) has been conducted to depict the 
preference of different stakeholders related to public bus transport system enhancing the supply 
quality in Mersin city. Citizens (users and non-users) and local government representatives 
participated in the questionnaire survey (Duleba and Moslem, 2018b). Because of the expected 
difference among the participant groups on the evaluation of factor importance regarding 
transport system element developments, the statistical Kendall’s coefficient of concordance (W) 
technique was applied to highlight the heterogeneity among the stances toward the system 
improvement (Kendall and Smith, 1939) and the earlier works on combination of AHP with 
Kendall’s W was conducted by Lee and Chan (2008). 
 
In this Chapter, I developed the hierarchal model to aggregate different evaluators’ response by 
adding a new level to hierarchal structure and I calculated the final weight scores for all criteria 
in the hierarchal structure. Furthermore, I employed Kendall’s coefficient of concordance to 
detect the concordance among the different evaluator groups. 
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5.2  Methodology 
 

5.2.1  The Analytic Hierarchical Process 
 
The AHP approach was applied for solving the public transport supply quality improvement 
problem in Mersin. Moreover, it was applied to compute the general prioritization for different 
stakeholder groups in order to highlight the difference in preferences among them. Furthermore, 
the AHP was conducted to determine the relative significance of each stakeholder group 
regarding the public bus transport decisions (Duleba and Moslem, 2018b). 
 
Each evaluator group evaluated the public transport supply quality by filling up the dynamical 
questionnaire survey by using Saaty’s scale (Saaty, 1977). Hence, the survey was constructed 
based on the pairwise comparison matrices, which interns consist of twenty seven pairwise 
comparisons. For computing relative importance of each group in the decision, the tree pairwise 
comparisons were evaluated. 
 
The consistency ratio (CR) was detected for all tree pairwise comparison matrices by applying 
the equation (4.4) and for calculating the eigenvectors of the aggregate matrices, the specified 
formula (4.7) was applied. Moreover, the formula (4.8) was conducted to compute the final 
score results for each group. Furthermore, the sensitivity analysis was applied to procure the 
perspicacity of the effects of transposals in the all criteria ranking and enable the decision 
makers to check the robustness in the course of process. Figure 5.1 shows the main steps of 
applying the AHP based on the created model. 
 

 
Figure 5. 1 The process of applying AHP method for the new model. 



 
35 

 

 
5.2.2   The New Model for Ultimate Decision 

 
The final decision for every plan and project is a crucial issue for decision makers. Many 
researchers endeavored integrated approaches to acquire efficient and sustainable decisions. 
(Duleba and Moslem, 2019) used the geometric mean in AHP process to find the final scores 
for all different evaluators in order to evaluate public transportation supply quality. (Meng and 
Chen, 2015) proposed the induced hybrid weighted aggregation to obtain the final weights for 
group decision making. (Yoon, Hastak and Cho, 2017) proposed a new model for calculating 
group decision making by using preference clustering and mediating agent. (Ghorbanzadeh et 
al., 2019) employed an interval approach for aggregating evaluator answers to achieve more 
sustainable decisions for sustainable public transportation project.  
 
 

 
 

Figure 5. 2 The new model for the hierarchical decision problem 

 
In this section, the methodological description of the new model is demonstrated. The model is 
proposed for conceptualizing a logical aggregation for evaluators standpoints regarding public 
transport supply quality enhancement. Furthermore, the new model was created based on the 
pairwise comparison technique and the AHP logic by inserting a zero level into the problem 
hierarchical structure. The zero level propound a convenient and harmonious solution for the 
aggregation issue in case of different groups involved in the survey. As depicted in Figure 5. 2, 
three different evaluator groups (users, non-users and local government representatives) are 
placed at the top of the hierarchy. A (3×3) pairwise comparison matrix was constructed to find 
the logical vector for aggregation operation. Moreover, the final scores of the criteria in 

LGR 
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hierarchical structure for all raters will be calculated by considering the stakeholders weights 
and respecting the 0 level connections. 
 

5.2.3   Kendall’s Coefficient of Concordance 
 
To evaluate the concordant degree among the different groups, Kendall’s coefficient of 
concordance (W) technique was used (Kendall and Smith, 1939; Siegel, 1956). The technique 
is a non-parametric technique for three or more different rankings and applicable for estimating 
the agreement among multiple participant groups. 
 

𝑅1 = 	h 𝑟10	
D

0`5
,																																																																	 (5.1) 

 
where 𝑅1 is the aggregated ranking of the criterion i, 𝑟10 is the rank given to criterion i by the 
evaluator group j, m is the number of rater groups rating n attributes. 
 

𝑅 =
𝑚(𝑛 + 1)

2 .																																																																		 (5.2) 

𝑆 = 	h (𝑅1 − 𝑅)6,
A

1`5
																																																										 (5.3) 

 
where S is a sum-of-squares statistic deviations over the row sums of ranking 𝑅1. 
 
R is the mean of the 𝑅1values. Following that, Kendall’s “W” statistic is between one and zero 
and it can be obtained from either of the following formulas:  
 

W =	
12	𝑆

𝑚6	(	𝑛7 − 𝑛).																																																													
(5.4) 

 
After applying the formula, the result will be a number that determines the agreement degree 
among the different groups as shown in Table 5.1. 
 

Table 5. 1 Kendall’s W agreement degree scale. 

W Interpretation 
0 No agreement 

0.1 Weak agreement 
0.3 Moderate agreement 
0.6 Strong agreement 
1 Perfect agreement 
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5.3  Results and Discussion 
 
The first level of the hierarchy is a fairly general one (Figure 2), the second level is more 
specific and the third is even more specific so the data could be increased essential on a wide 
range of components in an entirely intelligent manner keeping the hierarchy. The selection of 
the elements of supply quality aimed to take into account not only quantitative influencing 
factors (e.g., frequency of lines, awaiting time, and fit connection), but also qualitative ones 
such as perspicuity of the timetable or mental comfort during the journey. The perception of 
the quality of the journey has been divided into three main parts: transport quality refers to the 
time spent on the vehicle, tractability refers to providing the sufficient and comprehensive 
information before and during travel, while service quality describes the pre and post-service 
elements. A thorough preliminary literature survey was conducted based on references 
(Solomon, 2006; Hensher, 2007; Guo, 2011), before setting up the decision hierarchy. 
Accordingly, the cost considerations are omitted, and only supply quality issues are investigated. 
Another point in AHP approach is isolating the different members of open transport: 
Government as a maintainer, organization as the administrator, and travelers as clients. The 
conflict of their distinctive picture on key-purposes of a specific framework can be the reason 
for settling on wrong choices on transport advancement . Thus, evaluator groups had to be 
created, because of the different point of view of passengers, non-passengers, and governmental 
evaluators. Pairwise comparisons had to be made by the evaluators for all the elements of the 
model, considering the hierarchy levels as the nature of AHP. 
 
The characteristics of the conducted survey based on the hierarchical model were following: 

• Ninety seven evaluators (seventeen official workers (LGR) in Mersin Municipality 
Transportation Department + forty public users + forty non-users) were asked to involve 
in the questionnaire survey out of the total population around 1.7 million. The number 
of participants evidently not statically representative, on the other hand, the MCDM 
methodology provides a deeper insight based on pairwise comparisons than a simple 
statistical survey (Saaty, 1977) ; 

• The evaluators were randomly selected nearby bus stops in different districts during the 
peak hours. Despite the random selection, the proportion of genders and age reflected 
the characteristics of the total population of the Municipality and even more the current 
and potential users of public transport. 

 
Users and non-user evaluator groups have been randomly selected in Mersin city in different 
districts nearby bus stops in the peak hours during summer time in 2017, in general the data 
collection was starting in the morning around 07:00 AM where the citizens start going to their 
works and schools till 06:00 PM where they come back home. Each evaluator spent around 25 
to 35 minutes to fill up the questionnaire. In the first two minutes the questionnaire survey was 
explained to the evaluator, even during filling up the survey, the questions regarding the criteria 
meaning from the evaluators side have been answered. 
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Table 5. 2 Demographic information for user evaluators side 

User = 40 Number % 

Gender 
Male 18 45 

Female 22 55 

Material statue 
Married 11 27.5 
Single 29 72.5 

Age 
18-30 years 28 70 
31 -50 years 7 17.5 
> 51  years 5 12.5 

Education level 

Primary school 1 2.5 
Secondary school 1 2.5 

High school 15 37.5 
Bachelor's degree 22 55 
MSc/PhD degree 1 2.5 

Working status 

Student 16 40 
Employer in private sector 9 22.5 
Employer in public sector 9 22.5 

Retired 6 15 
 
 
As we can see from table 5.2 and table 5.3, more than 50 % of the user and Non- user evaluator 
groups were bachelor’s degree holders. 
 

Table 5. 3 Demographic information for non-user evaluators side 

Non- user = 40 Number % 

Gender 
Male 17 42.5 

Female 23 57.5 

Material statue 
Married 14 35 
Single 26 65 

Age 
18-30 years 23 57.5 

years 13 32.5 
> 51  years 4 10 

Education level 

Primary school 2 5 
Secondary school 4 10 

High school 13 32.5 
Bachelor's degree 20 50 
MSc/PhD degree 1 2.5 

Working status 

Student 10 25 
Employer in private sector 10 25 
Employer in public sector 12 30 

Retired 8 20 
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Hence, nd the time for filling up the questionnaire was shorter than the public evaluator by ten 
to fifteen minutes. Where, 100 % of the planners in Transportation Department were Bachelor's 
degree holders (see Table 5.4). The planners in the Transportation Department intend to take 
into account the obtained results, by involving the public in future transport strategy projects. 
 
Table 5. 4 Demographic Information for LGR evaluators side in Mersin Municipality Transportation 

Department. 

Planner number = 17 Number % 

Gender 
Male 15 88.24 

Female 2 11.76 

Material statue 
Married 8 47.06 
Single 9 52.94 

Age 
18-30 years 2 17.5 
31-51 years 12 70 
> 51  years 3 12.5 

Education level 

Primary school 0 0 
Secondary school 0 0 

High school 0 0 
Bachelor's degree 13 76.47 
MSc/PhD degree 4 23.53 

 
For the first two groups (passenger and non-passenger) evaluators indicated the development 
of “Transport Quality” as the most essential related issue in the first level as presented in Table 
5.5. But, there were some differences of preferences in the second and third rating, in which 
passenger side ranked “Service Quality” as the second most important issue, followed by 
“Tractability”, and non-passenger side evaluated “Tractability” as the second most important 
issue, followed by “Service Quality”. In the survey, transport quality referred to the time spent 
on the vehicle by passengers and consisted of elements such as physical and mental comfort on 
the vehicle during the journey or the feeling of safety on the bus. Consequently, public 
evaluators esteemed that the most crucial part of the system is the service during their journey 
on the vehicle and not the other circumstances (before or after) of the travel (see Figure 5.3). 
 

Table 5. 5 Different priority ranking of elements by evaluator groups for Level 1. 

For Passenger Side For Non-Passenger Side For LGR Side 
1 Transport Quality 0.4658 Transport Quality 0.3927 Tractability 0.5849 
2 Service Quality 0.3743 Tractability 0.3541 Transport Quality 0.2776 
3 Tractability 0.1599 Service Quality 0.2532 Service Quality 0.1375 

 
The situation is completely different for the LGR side, where “Tractability” is the most 
important issue followed by “Transport Quality” and “Service Quality”. 
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Figure 5. 3 The scores of elements by evaluator groups for Level 1. 

 
In level 2, for the passenger and non-passenger side “Safety of travel” was the most essential 
issue to be developed, yet, it was not so important for LGR side as shown in Table 5.6. The 
second important issue for passenger side was “Physical comfort”, followed by “Directness”, 
“Time availability”, and “Approachability”. But, non-passengers’ point of view was same as 
LGR’s point of view for improving “Information before travel”, “Information during travel”, 
and similar in the cases of “Mental comfort”, “Physical comfort”, and “Approachability”.  
 
Based on the priorities, it can be stated that local government representatives are not aware of 
the need of citizens for improving the safety of travel in local buses. In case project initiations, 
it would be started for increasing safety in transportation that might attract more people to use 
public transport that might have a positive impact on the environment and sustainability issues 
(see figure 5.4). 
 

Table 5. 6 Different priority ranking of elements by evaluator groups for Level 2. 

For Passenger Side For Non-Passengers Side For LGR Side 
1 Safety of travel 0.2696 Safety of travel 0.1817 Perspicuity 0.2003 

2 Physical comfort 0.1253 Information before 
travel 

0.1418 Information before 
travel 

0.1945 

3 Directness 0.0966 
Information during 

travel 
0.1336 

Information during 
travel 

0.1902 

4 Time availability 0.0925 Mental comfort 0.1086 Physical comfort 0.1369 
5 Approachability 0.0871 Physical comfort 0.1024 Mental comfort 0.1158 

6 
Information before 

travel 0.0739 Reliability 0.0842 Speed 0.0384 

7 Mental comfort 0.0709 Perspicuity 0.0786 Directness 0.0347 
8 Reliability 0.0685 Directness 0.0552 Time availability 0.0336 

9 
Information during 

travel 0.0553 Speed 0.0515 Safety of travel 0.0248 

10 Perspicuity 0.0307 Time availability 0.0325 Approachability 0.0187 
11 Speed 0.0296 Approachability 0.0298 Reliability 0.0121 
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Figure 5. 4 The final scores of elements by evaluator groups for Level 2. 

 
In the last level, from the passenger point of view “Frequency of lines” was the most essential 
issue side followed by “Need for transfer”, “Distance to stops”, and “Fit connection” (Table 
5.7). For the non-passenger side, “Fit connection” is observed first, which can be recommended 
for the local government representatives to overview, not only means connection of transport 
modes (e.g., bus-train), but also linkage with local-regional buses or local bus lines.  
 
For the LGR side, “Limited time of use” was the most important issue, followed by “Need for 
transfer”, “Journey time”, and “Fit connection”. Interestingly, the “time limitation” of bus lines 
(the gap between the last bus in the evening and the first bus in the morning) did not get attention 
for citizens, thus this issue is a miss-perceived problem by the local transport operators. 
 
“Fit connection” issue had the same importance for both passengers’ and LGR’ side, while 
“Awaiting time” and “Distance to stops” issues had the same importance for non-passengers’ 
and LGR’ side (see figure 5.5). 
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Table 5. 7 Different priority ranking of elements by evaluator groups for Level 3. 

For Passenger Side For Non-Passengers Side For LGR Side 
1 Frequency of lines 0.0649 Fit connection 0.0392 Limited time of use 0.0260 
2 Need for transfer 0.0604 Time to reach stops 0.0238 Need for transfer 0.0202 
3 Distance to stops 0.0404 Frequency of lines 0.0213 Journey time 0.0160 
4 Fit connection 0.0362 Need for transfer 0.0160 Fit connection 0.0145 
5 Limited time of use 0.0276 Safety stops 0.0157 Time to reach stops 0.0133 
6 Safety stops 0.0255 Awaiting time 0.0151 Comfort in stop 0.0106 
7 Comfort in stop 0.0212 Journey time 0.0125 Awaiting time 0.0091 
8 Time to reach stops 0.0148 Limited time of use 0.0112 Frequency of lines 0.0076 
9 Journey time 0.0078 Comfort in stop 0.0093 Safety stops 0.0049 
10 Awaiting time 0.007 Distance to stops 0.0048 Distance to stops 0.0033 

 
 

 
Figure 5. 5 The final scores of elements by evaluator groups for Level 3. 

 
There are significant differences among the different evaluator groups, and Kendall’s 
coefficient of concordance (W) is applied to detect the degree of agreement among different 
evaluator groups (Passengers, non-passengers and LGR). Based on Table 5.1, there was 
“moderate agreement” among different evaluator groups in the first Level (Table 5.8). 
 
In Level 2, (Table 5.9) Kendall’s coefficient of concordance (W) also indicates that the 
agreement is temperance among different evaluator groups following the intervals exhibited in 
Table 3. Further, the situation for Level 3 is also similar, the agreement degree is moderate 
among different evaluator groups (Table 5.10). 
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Table 5. 8 Kendall’s coefficient of concordance (W) for Level 1. 

Criteria 
Rank of 

Passenger Side 
Rank of Non-

Passenger Side Rank of LGR Side 𝑹𝒊 (𝑹𝒊 − 𝑹)𝟐 

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

Tractability 3 2 1 6 0 
n = 3 m = 3 S = 8 𝑹 = 6 W = 0.444 

 
Table 5. 9 Kendall’s coefficient of concordance (W) for Level 2. 

Criteria 
Rank of Passenger 

Side 
Rank of Non-

Passenger Side 
Rank of LGR Side 𝑹𝒊 (𝑹𝒊 − 𝑹)𝟐 

Approachability 5 11 10 26 81 
Directness 3 8 7 18 0 

Time availability 4 10 8 22 16 
Speed 11 9 6 26 64 

Reliability 8 6 11 25 49 
Physical comfort 2 5 4 11 49 
Mental comfort 7 4 5 16 4 
Safety of travel 1 1 9 11 49 

Perspicuity 10 7 1 18 0 
information before travel 6 2 2 10 64 
Information during travel 9 3 3 15 9 

n = 11 m =3 S =385 𝑹 = 18 W = 0.3889 
 

Table 5. 10 Kendall’s coefficient of concordance (W) for Level 3 

Criteria 
Rank of 

Passenger Side 
Rank of Non-

Passenger Side Rank of LGR Side 𝑹𝒊 (𝑹𝒊 − 𝑹)𝟐 

Distance to stops 3 10 10 23 42.25 
Safety of stops 6 5 9 20 12.25 

Comfort in stops 7 9 6 22 30.25 
Need of transfer 2 4 2 8 72.25 
Fit connection 4 1 4 9 56.25 

Frequency of lines 1 3 8 12 20.25 
Limited time of use 5 8 1 14 6.25 

Journey time 9 7 3 19 6.25 
Awaiting time 10 6 7 23 42.25 

Time to reach stops 8 2 5 15 2.25 
n = 10 m =3 S =290.5 𝑹 = 16.5 W = 0.3912 
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In the research, four independent transportation experts have been asked in Mersin to evaluate 
(through pair wise comparisons, following the AHP logic) the relative importance of each 
evaluator group in the public transport decision. The results are shown in Table 5.11. 
 

Table 5. 11 The relative importance of each group in the public transport decision. 

Evaluator Weight Rank 
Passengers 0.2530 2 

Non-passengers 0.1119 3 
LGR 0.6351 1 

 
 
The final aggregated scores (considering stakeholder weights) for different levels have been 
calculated and proffered in Table 5.12. 
 

Table 5. 12 Overall (consensual) scores according to experts opinion. 

Level 1 Level 2 Level 3 
Supply Quality Service Quality Approachability 

Service Quality 0.2104 Approachability 0.1586 Distance to stops 0.2466 
Transport Quality 0.3381 Directness 0.2498 Safety of stops 0.2993 

Tractability 0.4515 Time availability 0.2320 Comfort in stops 0.4541 

 

Speed 0.2201 Directness 
Reliability 0.1395 Need of transfer 0.5598 

Transport Quality Fit connection 0.4402 
Physical comfort 0.4104 Time availability 
Mental comfort 0.3345 Frequency of lines 0.3936 
Safety of travel 0.2551 Limited time of us 0.6064 

Tractability Speed 
Perspicuity 0.2909 Journey time 0.3581 

Information before travel 0.3729 Awaiting time 0.2438 
Information during travel 0.3362 Time to reach stops 0.3981 

 
 
Weighting the group importance caused the approximation of the final results to the LGR 
preferences. It is explainable regarding that local governmental budget is at stake in public 
transport development and cost and technical considerations also play an important role.  
 

Table 5. 13 Priority ranking of elements by all groups for Level 1. 

Rank Criteria Final Score 
1 Tractability 0.4515 
2 Transport Quality 0.3381 
3 Service Quality 0.2104 
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Figure 5. 6 The final scores of elements by all evaluators for Level 1. 

 
It has to be strongly emphasized, that the final results are more sophisticated and are 
significantly closer to citizens’ preferences than the original LGR side scoring (see Table 5. 13 
Table 5.14 Table 5.15). For instance, in Level 2; “Perspicuity” got rank only at 4th place in the 
overall decision (see Table 16), while the original LGR incentive was to develop it in the first 
place (see Table 5.6).  
 

Table 5. 14 Different priority ranking of elements by all groups for Level 2. 

Rank Criteria Final Score 
1 Information before travel 0.1684 
2 Information during travel 0.1518 
3 Physical comfort 0.1388 
4 Perspicuity 0.1314 
5 Mental comfort 0.1131 
6 Safety of travel 0.0862 
7 Directness 0.0526 
8 Time availability 0.0488 
9 Speed 0.0463 
10 Approachability 0.0334 
11 Reliability 0.0293 

 
Consequently, the created model succeeded in contributing to a more sustainable public 
transport development planning by adding public preferences to the governmental aspects on 
the amelioration of the system. 
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Figure 5. 7 The final scores of elements by all evaluators for Level 2. 

 
Table 5. 15 Different priority ranking of elements by all groups for Level 3. 

Rank Criteria Final Score 
1 Limited time of use 0.0296 
2 Need for transfer 0.0294 
3 Fit connection 0.0231 
4 Frequency of lines 0.0192 
5 Time to reach stops 0.0184 
6 Journey time 0.0166 
7 Comfort in stop 0.0151 
8 Awaiting time 0.0113 
9 Safety stops 0.0100 
10 Distance to stops 0.0082 
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Figure 5. 8 The final scores of elements by all evaluators for Level 3. 

 
Obviously, the deviations within each stakeholder group were also analyzed and the authors 
did not find significant difference in the perceptions of each group members in the sample of 
passengers and non-passengers, which might also be a reason for the stability of the final results. 
 
Finally, although the evaluators were randomly selected, they properly represented the total 
society of the city from gender, age, and occupation aspects, and this might also explain the 
robustness of the preference ranking. The following figures (figure 5.9, figure 5.10 and figure 
5.11) reflect the final scores from each group point of view and also show the final aggregated 
results for all evaluators. 
  
 

 
Figure 5. 9 The final scores of elements by each group and all evaluator groups for Level 1. 
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Figure 5. 10 The final scores of elements by each group and all evaluator groups for Level 2. 

 

 
Figure 5. 11 The final scores of elements by each group and all evaluator groups for Level 3. 

 
Another point that has to be discussed is the decision on the significance of each group; a 
possible technique would have been to ask the 97 participants to vote on their weights of opinion 
and not using four experienced experts to do that. It has to be emphasized that this is a very 
difficult comparison: Deciding which stakeholder group’s opinion is more important and how 
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much more. The authors believe that it is no use of asking the original evaluators about their 
significance in the decision because all would evaluate the dominancy of their own stakeholder 
group (e.g., in national parliaments parties do not vote about their significance in the decision). 
 
This is the reason why four non participant experts (all advisors of Mersin Transportation 
Department) were asked to make their judgments on the weight of the groups in the decision. 
It has to be stressed that in real public transport development projects, the group of the final 
local government representatives does not consist of more than three or four top managers or 
top officials.  
 
Consequently, the sample size of four for this stage can be considered as sufficient. Moreover, 
the relatively large weight (63.51%) of the LGR group can be also justified by the general 
practice of 100%, which means not considering public opinion at all. This 63.51% means that 
the local government still vindicates the right to decide on transport system development but 
not with neglecting the public’s view any more. This is a serious step towards the creation of a 
more sustainable transport system. 
 

5.4  Conclusion 
 
Based on the results, it can be concluded that the assumption on the difference of opinions 
among the stakeholders of public transport has been verified by Kendall calculation. It has to 
be emphasized that merely the AHP application itself revealed very important preferences of 
mainly the users’ side, and the awareness of these needs can be the basis of initiating new 
transport system improvement projects. Moreover, the application of Kendall method has 
proven that only moderate connection can be detected among three different groups’ ranking 
for all three levels, while the participants evaluated exactly the same questionnaires on their 
own perceptions and image on public bus transport supply quality.  
 
As a consequence, it can be stated that the local government representatives in Mersin 
Municipality Transportation Department ought to share public views in their future 
Transportation Strategic Plan and they should pay more attention to “Service quality”, 
“Approachability”, and “Directness” improving factors in their future plans more than 
“Tractability”, “Information during travel”, and “Perspicuity” to attract non-passengers and 
increase the satisfaction of passengers. 
 
The introduced model is primarily suitable for supporting strategic decisions of public transport 
system improvement with respect to sustainability issues. Consequently, the gained overall 
weights of criteria could be used for evaluating and ranking projects aiming to develop the 
transport system. By applying the introduced results, the Municipality of Mersin can directly 
evaluate and rank tender proposals for urban transport amelioration, and based on personal 
interviews, the representatives of the local government are considering taking this opportunity. 
In the European Union countries, this research can be a basis for creating a methodologically 
proven Sustainable Urban Mobility Plan (SUMP) integrating citizens’ needs for improvement. 
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In general, AHP amended by Kendall analysis and group coordination has been proven to be 
an appropriate method for evaluating transport participants’ demand for system improvement. 
Instead of an automatic overall aggregation, a clear distinction among passengers, non-
passenger citizens, and transport operators is advised to be made in order to get more 
sophisticated results because of the different motivation and expertize on the system 
development. Under these conditions, it is strongly recommended to apply a Kendall method 
(Kendall technique has been proven to be appropriate) together with AHP to analyze the 
distance among the different aspects of the stakeholders.  
 
As a remark for further research, optimization techniques might be selected in order to create 
consensus among the different groups on an objective basis, and thus, to gain a final preference 
ranking for development factors containing all aspects. While the criteria are dominantly 
hierarchically structured, for academic scholars, attributes interactions might be possible to 
examine within the decision system. This will probably lead to a more complicated, most likely 
hybrid operations research model.  
 
For practitioners, the implementation of the model should be elaborated, e.g., software 
application might be developed for future evaluations of public transport. The authors find it 
also important to follow the impact of the decisions by the local government and surveying 
passenger and potential passenger satisfaction for the modification of the transport system. A 
successful implementation of the introduced model might result in a proper scoring system for 
tendering transportation projects in which technical and cost considerations are integrated as 
well as aspects of the current and future passengers. 
 
 

5.5  Thesis 2 
 

 
 
 
Related publications to this chapter:  
 
Duleba, S., & Moslem, S. (2018). Sustainable urban transport development with stakeholder 
participation, an AHP-Kendall model: A case study for Mersin. Sustainability, 10(10), 3647. 
 
Moslem, S., & Duleba, S. (2018). Application of AHP for evaluating passenger demand for 
public transport improvements in Mersin, Turkey. Pollack Periodica, 13(2), 67-76. 

• A new technique was conducted to aggregate all evaluators' final scores
group wisely by attaining weights to participants groups based on their
importance in the decision. Moreover, Kendall’s coefficient of
concordance was computed to check the concordance degree among the
different evaluator groups.
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Chapter 6 
 

6. Supporting Decision Making for Sustainable Urban 
Transport by Using Interval AHP 

 
 

6.1  Introduction and Contributions 
 
Getting insight to passenger satisfaction and need for improvement in a public transport system 
has become a crucial issue for decision makers in order to make sustainable development 
decisions. This knowledge acquisition is very difficult because of the lack of expertise, 
motivation or enthusiasm of the user participants of the transport system. Thus, a properly 
selected methodology is required which is capable of dealing with the inconsistency and 
uncertainty of the responses. Analytic Hierarchy Process (AHP) has been widely known as a 
technique that provides clear decision structure and consistency check for the respondents.  
 
In this chapter, not only the advantages of the traditional AHP has been utilized but also the 
uncertainty risk in a passenger survey has been considered by applying the Interval AHP (IAHP) 
through comparing the results to two other reference groups (Ghorbanzadeh, Feizizadeh and 
Blaschke, 2018; Ghorbanzadeh et al., 2019).  
 
Beside the users of the system, a non-user public respondent group and local government 
representatives group has been created which consisted of representors of the urban transport 
company in the examined city. Involving non-passengers from public in the survey highlighted 
the image of private vehicle users on the public transport system service quality while managers 
from the transport company emphasized their own aspect on the necessary system development. 
By the application of the IAHP, a final consensus could be created among the three different 
stakeholder groups. The methodology is presented on a real application conducted in Mersin, 
Turkey and aimed to determine a consensual preference ranking for a public bus transport 
system development decision (Ghorbanzadeh et al., 2019). 
 
In this Chapter, I conducted the questionnaire survey and contrived the final scores for all 
participant groups, which interns consider the uncertainty risk in the public survey, the interval 
calculations. 
 

6.2  Methodology  
 
The first step was constructing questionnaires for different target evaluator groups. Passenger 
group has been selected to increase their satisfaction toward public bus transport system, non-
passengers group has been selected in order to attract them to start utilizing public bus transport 
and leaving their private cars, while local government representatives group has been selected 
to detect the gap between them and the public, and to attain technical expertise. In the second 
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step, the pairwise comparison (PC) questionnaire survey had been structured and the data had 
been collected, then the consistency of the matrices had been checked as (Saaty, 1977) 
suggested, the consistency check was followed by applying the geometric mean, deriving 
weight vectors and calculation the final scores, while the last step was the process of sensitivity 
analysis in order to check scores stability. 
 
The analyzed problem is more hierarchically structured and dynamic analysis could be 
considered (Saaty, 1994): 

• Consistency check is required (passengers and non-passengers are evaluators); 
• Ranking of factors are both ordinal and cardinal;  
• In the final decision itself is purely important but the scores attained to the factor. 

 
The hierarchical structure consists of three levels, first level is a fairly general one, the second 
level is more specific and the third is more specific, so the data could be increased essential on 
a wide range of components in an entirely intelligent manner, keeping the hierarchy. Fix cost 
is expected, so just supply quality issues are investigated. Another point in AHP approach is 
isolating the different stakeholders of open transport: government as a maintainer, organization 
as the administrator and travelers as clients.  
 
The conflict of their distinctive picture on key-purposes of a specific framework can be the 
reason for settling on wrong choices on transport advancement (Saaty, 1977; Harker and Vargas, 
1987). That justifies the creation of different evaluator groups, due to the different point of view 
of passenger, non-passenger and local government representatives evaluator groups. 
 
PCs had to be made by the evaluators for all the elements of the model, considering the 
hierarchy levels. The number of participants evidently representative because the MCDM 
provides a deeper insight based on PCs than simple statistical survey (Saaty, 1994). For the 1st 
level, the following questions were asked: ‘Compare the importance of improvement for the 
service quality and transport quality element’, ‘Compare the importance of improvement for 
the service quality and tractability elements’, ‘Compare the importance of improvement for the 
transport quality and tractability elements’. For the 2nd and 3rd level, the same structure was 
constructed. 
 
The consistency ratio was less than 0.1 for all experiential PCM (Saaty, 1977), therefore the 
AHP analysis could be completed. Sensitivity analysis has been performed in Excel to test the 
stability of the rank and it was stable (Ghorbanzadeh et al., 2019). 
 
In this study, we aim to obtain a comprehensive satisfaction of the public transportation 
considering different groups. Therefore, we tend to calculate the amount of the satisfactory 
based on the opinions of three different groups who related to this matter. The complexity of 
the public transportation in any city and in Mersin city in particular, can be defined as a whole 
as the diversity of different groups who were considered as stakeholders of the system. In our 
case, using the responses of these different groups result in diverse values in pairwise 
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comparison matrices of the AHP. Thus, it is difficult to obtain reasonable CR and also reliable 
weights (Lehner et al., 2018). Even if we consider only one group, the conventional AHP has 
some inabilities to cover all opinions regarding the problem. For example, (Goodwin and 
Wright, 2014) clearly referred to the haziness of the questions concerning the pairwise 
comparison matrices. The prepared questions of researchers are related only to the values 
associated with considered attribute, with no further information about the scales on which the 
factors are compared. As a result of the degree of subjectivity associated with this method, this 
haziness can lead to different interpretation by different questioners (Malczewski and Rinner, 
2015). To overcome these concerns, we use interval matrices for pairwise comparisons in the 
AHP technique. In this case, pairwise comparison matrices were conducted using numerical 
intervals. The low values of comparisons were considered as lower bound and the higher values 
were considered as the upper bound of the interval. Let a and b be those values with 𝑎 ≤ 𝑏. The 
set  𝑥 = [𝑎, 𝑏] = {	𝑦 ∈ 𝑅 ∶ 𝑎 ≤ 𝑦 ≤ 𝑏} is considered as our interval. The set of all our intervals 
is denoted as IR. The binary operations like multiplication and division can easily defined on 
IR. The comparison matrix of 𝐴 = (𝑟10)A×A ⊂ 𝑋 × 𝑋 as in (6.1): 
 

�
𝑟10 × 𝑟01 = 1, ∀𝑖, 𝑗 = 1,2,… , 𝑛													

𝑟11 = 1,																																																														
𝑟10 ≥ 0																																																															

	        (6.1) 

 
is consistent if the following (8) transitivity is satisfied (Saaty and Vargas, 2012): 
 
𝑟10 =

�VZ
�XZ
				∀𝑖, 𝑗, 𝑘 = 1,2, … , 𝑛.         (6.2) 

 
In the case of using an interval of 𝑥 = �𝑎10, 𝑏10�, 𝑥 clarifies that the factor 𝑥1	is between 𝑎10 and 
𝑏10 times as preferable as the factor 𝑥0, then the interval comparison matrix is defined as (6.1) 
(Liu, 2009; Ghorbanzadeh, Feizizadeh and Blaschke, 2018): 
 

𝐴 =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡ 1 [𝑎56, 𝑏56] …
[𝑎65, 𝑏65] 1 …

… … 1

[𝑎51, 𝑏51] … �𝑎50, 𝑏50� … [𝑎5A, 𝑏5A]
[𝑎61, 𝑏61] … �𝑎60, 𝑏60� … [𝑎6A, 𝑏6A]

… … … … …
[𝑎15, 𝑏15] [𝑎16, 𝑏16] …

… … …
�𝑎05, 𝑏05�

…
[𝑎A5, 𝑏A5]

�𝑎06, 𝑏06�
…

[𝑎A6, 𝑏A6]

…
…
…

1 … �𝑎10, 𝑏10� … [𝑎1A, 𝑏1A]
… 1 … … …

�𝑎01, 𝑏01�
…

[𝑎A1, 𝑏A1]

…
…
…

1
…

�𝑎A0, 𝑏A0�

…
1
…

�𝑎0A, 𝑏0A�
…
1 ⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

   (6.3) 

 
 
𝑎10 ≤ 𝑏10 , ∀	𝑖, 𝑗 = 1,2,… , 𝑛		𝑎𝑛𝑑		𝑎10 ≥ 0	, 𝑏10 ≥ 0, ∀	𝑖, 𝑗 = 1,2,… , 𝑛  
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This matrix is a reciprocal and definite comparison matrix as (6.4): 
 
𝑎10 =

5
�XV
, 𝑏10 =

5
EXV
	 , ∀𝑖, 𝑗 = 1,2,… , 𝑛         (6.4) 

 
Actually for evaluation of the CR of this matrix and also further calculations of AHP, matrix A 
should be a reciprocal matrix. In this case we can easily separate it into two matrices, 𝑃 =
	�𝑝10�A×A	𝑎𝑛𝑑		𝑄 = �𝑞10�A×A such that: 
 

𝑝10 = �
𝑏10 																	𝑖 < 𝑗
1																				𝑖 = 𝑗
𝑎10																	𝑖 > 𝑗	

							 , 					𝑞10 = �	
𝑎10													𝑖 < 𝑗
1																𝑖 = 𝑗
𝑏10													𝑖 > 𝑗

	      (6.5) 

 
We also define another matrix D(α) as: 
 

𝐷(𝛼) = �𝑑10(𝛼)�
A×A

= �𝑝10� 	𝑞105@��A×A	  ∀𝛼 ∈ [0,1]. 

 
All components of matrix D(α) are convex combinations of corresponding components of the 
two matrices, P and Q. Moreover, it is a monotonic continuous function matrix which 
constructed based on α. Therefore, simply observed, 𝐷(1) = 	𝑃		and		𝐷(0) 	= 	𝑄 (Liu, 2009). 
According to these characteristics: 
 
For such 𝛼 ∈ [0,1]  and 𝑖, 𝑗 = 1,2,… , 𝑛 we have 𝑑10(𝛼) ∈ �𝑎10, 𝑏10�. 
P and Q are reciprocal matrices. 
 
D(α) can be defined as an interval comparison reciprocal matrix for any α ∈ [0,1]. 
 
Now we have matrix A which is an interval comparison reciprocal matrix and that 𝑎10  and 

𝑏10 	which are non-negative values such that 𝑎10 ≤ 𝑏10	, 𝑎10 =
5
�VX
, 𝑏10 =

5
EVX
		. Thus, we can say 

if P and Q have acceptable CR then matrix A also has acceptable CR. Otherwise matrix A is 
not consistent (Ghorbanzadeh, Feizizadeh and Blaschke, 2018). 
 
We use convex combination technique for calculating the relative interval weightings. In this 
technique we take advantage from the weightings of definite comparison matrix D(α), where 
α∈[0,1]. Therefore, Suppose w(α) is the vector containing the weightings of matrix D(α)   that 
were resulted by the geometric mean method. Then: 
 

𝑤1(𝛼) = �∏ 𝑑10(𝛼)A
0`5 �

]
[		, 𝑤ℎ𝑒𝑟𝑒	𝑖 = 1, 2, … . , 𝑛	𝑎𝑛𝑑	𝛼 ∈ [0,1]     (6.6) 

 
Applies if: ∏ 𝑤1(𝛼) = 1A

1`5 	.	 
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According to the definition of 𝑑10(𝛼) we have: 
 

𝑤1(𝛼) = �∏ 𝑝10� 	𝑞10
(5@�)A

0`5 �
]
[ = �[∏ 𝑝10(𝛼)A

0`5 ]
]
[�

�
�[∏ 𝑞10(𝛼)A

0`5 ]
]
[�

(5@�)
=

		𝑤1�(𝑃)𝑤1
(5@�)(𝑄).          (6.7) 

 
where w(P) and w(Q) are weighting vectors for matrices P and Q, respectively. The weighting 
vectors of w(α) that was obtained from the family of D(α) is used to make the interval weighting 
𝑤1, as below: 
 
𝑤1 = �	𝑤, 𝑤	�, 𝑤 			= 	𝑚𝑖𝑛	{𝑤1	(𝛼)│𝛼 ∈ [0,1]	} and 𝑤 = 	𝑚𝑎𝑥	{𝑤1(𝛼)|𝛼 ∈ [0,1]}  
 
As for any 𝛼 ∈ [0,1], 𝑤1	(𝛼) in which 𝑖 = 1,2,… , 𝑛,    is a monotonic continuous function 
based on α, the 𝑤  and  𝑤	 can be defined as following form (Liu, 2009): 
 
𝑤 = 	 [𝑚𝑖𝑛	{𝑤1(𝑃),𝑤1(𝑄)}, and	𝑚𝑎𝑥	{𝑤1(𝑃),𝑤1(𝑄)}	]	 ,     (6.8) 
 
then  
 
𝑤1 = 	 [𝑚𝑖𝑛	{𝑤1(𝑃), 𝑤1(𝑄)}, and	𝑚𝑎𝑥	{𝑤1(𝑃),𝑤1(𝑄)}	].	     (6.9) 
 
In the following, we used a simple statistical sampling method to get final weightings. The 
Monte Carlo simulation (MCS) was used for calculating the final weightings based on the 𝑤1	= 
[ 𝑤,	𝑤  ],(in which 𝑖 = 1,2,… , 𝑛). MCS is a common statistical sampling approach that used 
for complex systems (Feizizadeh et al. 2014). By using this simulation method, an average 
value was calculated as the final weight through  a  repeated  number  of  random  statistical  
samples  between  the 𝑤  and 𝑤. 
 
 

6.3  Results  
 
In this case our approach was to use interval calculations for dealing with the diversity in the 
opinions of our different target groups and make a reliable overview from the opinion of the all 
questioners. The interval matrices of 𝐴1×1	, (in which 𝑖 = 1,2,… , 𝑛)  were prepared based on 
the interval elements of 𝑥10  ,(in which i, j=1,2,…,n) of all values that used by the questioners.  
 
In this way, the minimum value of pairwise comparisons represented by each group was 
considered as the lower bound (𝑎10) for 𝑥10 = �𝑎10, 𝑏10�	and the maximum value was selected 
for the upper bound of (𝑏10). Therefore, the generated interval pairwise comparison matrices 
consist of whole judgments of all groups of passengers, non- passengers, and local government 
representatives. 
 



 
56 

 

 
 

Table 6. 1 Different priority ranking of elements by evaluator groups for Level 1. 

For Passenger Side For Non-Passenger Side For LGR Side 
1 Transport Quality 0.4658 Transport Quality 0.3927 Tractability 0.5849 
2 Service Quality 0.3743 Tractability 0.3541 Transport Quality 0.2776 
3 Tractability 0.1599 Service Quality 0.2532 Service Quality 0.1375 

 
 

Table 6. 2 Different priority ranking of elements by evaluator groups for Level 2. 

For Passenger Side For Non-Passengers Side For LGR Side 
1 Safety of travel 0.2696 Safety of travel 0.1817 Perspicuity 0.2003 

2 Physical comfort 0.1253 
Information before 

travel 0.1418 
Information before 

travel 0.1945 

3 Directness 0.0966 Information during 
travel 

0.1336 Information during 
travel 

0.1902 

4 Time availability 0.0925 Mental comfort 0.1086 Physical comfort 0.1369 
5 Approachability 0.0871 Physical comfort 0.1024 Mental comfort 0.1158 

6 Information before 
travel 

0.0739 Reliability 0.0842 Speed 0.0384 

7 Mental comfort 0.0709 Perspicuity 0.0786 Directness 0.0347 
8 Reliability 0.0685 Directness 0.0552 Time availability 0.0336 

9 
Information during 

travel 
0.0553 Speed 0.0515 Safety of travel 0.0248 

10 Perspicuity 0.0307 Time availability 0.0325 Approachability 0.0187 
11 Speed 0.0296 Approachability 0.0298 Reliability 0.0121 

 
 

Table 6. 3 Different priority ranking of elements by evaluator groups for Level 3. 

For Passenger Side For Non-Passengers Side For LGR Side 
1 Frequency of lines 0.0649 Fit connection 0.0392 Limited time of use 0.0260 
2 Need for transfer 0.0604 Time to reach stops 0.0238 Need for transfer 0.0202 
3 Distance to stops 0.0404 Frequency of lines 0.0213 Journey time 0.0160 
4 Fit connection 0.0362 Need for transfer 0.0160 Fit connection 0.0145 
5 Limited time of use 0.0276 Safety stops 0.0157 Time to reach stops 0.0133 
6 Safety stops 0.0255 Awaiting time 0.0151 Comfort in stop 0.0106 
7 Comfort in stop 0.0212 Journey time 0.0125 Awaiting time 0.0091 
8 Time to reach stops 0.0148 Limited time of use 0.0112 Frequency of lines 0.0076 
9 Journey time 0.0078 Comfort in stop 0.0093 Safety stops 0.0049 
10 Awaiting time 0.007 Distance to stops 0.0048 Distance to stops 0.0033 

 
 
At first level, the interval pairwise comparison matrices indicated that “Transport quality” was 
the most important criterion at this level, while “Service quality” development ranked as having 
the lowest importance. 
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Table 6. 4 The final interval scores for the criteria in level 1 

Rank Criteria All groups 
1 Transport Quality 0.4178 
2 Tractability 0.3014 
3 Service Quality 0.2776 

 
At Level 2, the resulting weights “Information before travel”, “Physical comfort”, and 
“Information during travel”, were higher ranked than the other criteria, while, “Speed”, 
“Reliability”, and “Approachability” were lower ranked than the eleven other criteria compared 
at this level. The weights of “Safety of travel” and “Mental comfort” were close with values of 
0.12 and 0.11, respectively.  
 

Table 6. 5 The final interval scores for the criteria in level 2 

Rank Criteria All groups 
1 Information before travel 0.1532 
2 Physical comfort 0.1486 
3 Information during travel 0.1324 
4 Safety of travel 0.1246 
5 Mental comfort 0.1134 
6 Perspicuity 0.0964 
7 Time availability 0.0579 
8 Directness 0.0535 
9 Speed 0.0449 
10 Reliability 0.0387 
11 Approachability 0.0363 

 
At the third level, ten criteria were weighted and ranked. At this level, “Fit connection” and 
“Limited time of use” were the most important criteria based on the comparisons of all groups. 
The results of this level indicated that “Awaiting time” was not as important as the other criteria 
and ranked lowest with a weight of less than 0.05. 
 

Table 6. 6 The final interval scores for the criteria in level 3 

Rank Criteria All groups 
1 Fit connection 0.1637 
2 Limited time of use 0.1603 
3 Frequency of lines 0.1403 
4 Need of transfer 0.1367 
5 time to reach stops 0.0846 
6 Safety of stops 0.0724 
7 Journey time 0.0664 
8 Comfort in stops 0.0653 
9 Distance to stops 0.0603 
10 Awaiting time 0.0499 
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6.4  Comparing Conventional AHP and IAHP Results and 

 Discussion 
 
MCDM is considered to be a solution for complex decision-making problems with an inevitable 
degree of uncertainty. The significant uncertainty results from the criteria weightings in the 
MCDM. The AHP approach is one of the most applied MCDM methods and is widely used for 
decision-making of urban problems by imposing a hierarchical structure. The AHP approach is 
popular due to the simplicity of obtaining the criteria weights based on expert knowledge 
(Ghorbanzadeh, Feizizadeh and Blaschke, 2018). Despite the popularity of this approach, it 
suffers from inner and outer interactions, with little feedback between the different components 
and alternatives in the decision-making process. Moreover, any inaccurate comparison of 
experts in the PCMs can be directly transferred to the weights and thus impact the criteria 
ranking. An inaccurate comparison can arise for different reasons, such as misunderstandings, 
an incomplete understanding of the criteria, and particular motivations and interests of the 
different groups or even individual experts and respondents regarding the comparisons. In our 
case, when we asked participants of different groups to complete the PCMs, the reason would 
be the main factor contributing to the uncertainty and inconsistency in our results. This matter 
is completely evident in the resulting AHP weights for all three levels. At the first level, 
passengers and local government representatives have a completely opposite view about 
“Transport quality” and “Tractability”, which resulted from the different preferences of these 
groups (see figure 6.1).  
 

 
Figure 6. 1 Comparing results of the AHP and the IAHP at Level 1 

 
At the second level, there are some similarities between the expectations of our target groups 
about criteria such as “Physical comfort”  and “Speed”. On the other hand, the significant 
discrepancies between the resulting criteria weights of “Safety of travel” and “Perspicuity” 
makes it difficult to define measurements to develop the system in a sustainable way.  
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Figure 6. 2 Comparing results of the AHP and the IAHP at Level 2 

 
We also have this problem at the third level, resulting in inconsistency and incommensurability 
between the resulted AHP weights. The most significant differences are seen between the 
opinions of the passengers and the local government representatives, especially when 
comparing the criteria “Frequency of lines” and “Distance to stops” at this level (see figure 6.3).  
 

 
Figure 6. 3 Comparing results of the AHP and the IAHP at Level 3 
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6.5  Conclusion 
 
In this research, we presented an interval calculation for optimizing the AHP, which is one of 
the well-known MCDM approaches. The main purpose of our research was to find a more 
comprehensive survey of all stakeholders to develop the public transportation system in a 
sustainable way and without expected opposition of the citizens. In this regard, we illustrated 
the differences between the results of applying AHP for different groups as experts and citizens. 
Based on the results of the AHP, a significant discrepancy among the viewpoint of passengers, 
non-passenger citizens and local government representatives have been found for most of the 
criteria weights and this phenomenon might refer for other applications of the introduced model. 
In 2012, a survey on supply quality development was conducted in the city of Yurihonjo by 
three participant groups; local government representatives, transport company managers and 
passengers (Duleba, Mishina and Shimazaki, 2012). In that case, service quality and within that, 
approachability got the highest importance (which resulted in the replacement of some bus stops) 
and on the third level, frequency of lines was ranked first. However, it was clearly stated in 
their paper that preferences of different stakeholders differ, and a methodological solution is 
necessary to reach synthesis for a final sustainable solution. Our research aimed to use an 
optimization technique to deal with the problems that we faced in using the AHP to compare 
the criteria to identify the most sustainable development for the system. The outcome of the 
research has confirmed that using IAHP leads to an overall and final result that is more 
comprehensive and useful for further decision-making for arbitrary public transport systems.  
 
 
 

6.6  Thesis 3 
 

 
 
 
Related publications to this chapter:  
 
Duleba, S., & Moslem, S. (2018). Sustainable urban transport development with stakeholder 
participation, an AHP-Kendall model: A case study for Mersin. Sustainability, 10 (10). 
 
Ghorbanzadeh, O., Moslem, S., Blaschke, T., & Duleba, S. (2019). Sustainable urban transport 
planning considering different stakeholder groups by an interval-AHP decision support model. 
Sustainability, 11(1) . 
 

• AHP approach was optimized by the interval technique to deal with the
uncertainty that we faced in using the AHP to compare the criteria to
identify the most sustainable development for the public transport
supply quality system.
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Chapter 7 
 

7. Fuzzy AHP for Estimating Public Transport Supply Quality 
 
 

7.1  Introduction and Contributions 
 
The cities world-wide suffer from the population growth and rapid urbanization, which makes 
utilizing public transportation a right solution to reduce traffic, environmental and public health 
problems. Public participation in decision making is a crucial issue, on one hand, the people 
ought to have the opportunity to influence decisions that affect their lives, and on the other hand, 
the implementations will only be effective if they meet citizens’ need. 
 
As the literature review indicated that variety of methods have been successfully integrated 
with knowledge-based models for optimization of the model for transportation improvement 
projects. The present paper aims to introduce a combined model for supporting consensual 
decision making with respect to sustainability in urban transport development. Since public 
evaluators have also been involved, So, avoiding uncertainty has been among the objectives, 
thus Fuzzy AHP (FAHP) have been applied. 
 
This study proofed that the results of the AHP method can be improved by integrating with 
appropriate models (Jin, Zhang and Yuan, 2018; Hervás-Peralta et al., 2019). Moreover, the 
FAHP performed very well in highlighting the need for more tractable operations; where the 
AHP and IAHP  are not so dominating. Therefore, several mathematical and optimization 
methods have been used to analyze and improve the AHP outputs in terms of resulting accuracy 
(Moslem et al., 2019).  
 
In this chapter, I conducted Fuzzy-AHP (FAHP), to overcome the uncertainty problem in the 
evaluators’ answers, where I fuzzified the hierarchical analysis by allowing fuzzy numbers for 
the pairwise comparisons of different evaluator groups.  
 
 

7.2  Methodology 
 
Fuzzy logic and fuzzy set theory mimic the human reasoning in the way that it deals with 
uncertainty and approximate information to make decisions (Bandler and Kohout, 1980). 
Against the Boolean logic where every element is either true or false, the fuzzy logic elements 
are both true and false by different degrees. Therefore, it makes possible for each element of a 
set to also belong to its compliment to a specific degree (Turner Ii, 2002). (Zadeh, 1965) 
introduced the “Fuzzy Sets” to handle vagueness concepts in a definable way. From that time 
until now, it is used successfully to deal with the complex problems posed to conventional set 
and logic theory by vagueness. Since, most of the geographic phenomenon tend to be described 
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by vague terms; the Fuzzy set theory is widely integrated with different MCDA and also 
machine learning models for mapping the spatial problems (Balezentiene, Streimikiene and 
Balezentis, 2013; Bui et al., 2018). The hybrid approach of Fuzzy logic and AHP has been 
commonly used in natural hazard modelling and mapping aims (Feizizadeh, Blaschke and 
Roodposhti, 2013). 
 
Judgments of decision makers are the main source to weigh the criteria based on their 
importance regarding the spatial problem. These judgments represent qualitatively some 
linguistic variables. In this stage, a fuzzy set is required for quantitatively the judgments by 
using the respective membership function (Moslem and Duleba, 2019). A triangular fuzzy set 
(see figure 7.1) were used for converting the linguistic variables to the quantitative values in 
this study. The relation between quantitative values and linguistic variables were shown in table 
7.1. 
 
 

 
 

Figure 7. 1 The triangular fuzzy set 

 
This model was employed by the authors of the recent research for Mersin city. As a 
methodology, the FAHP approach was used to fuzzify the hierarchical analysis by allowing 
fuzzy numbers for the pairwise comparisons (PCs) of the stakeholders (users, potential users 
and local government representatives). The local government representatives were experts in 
the related filed and in the same time they are the officials in transportation department of Merin 
Municipality. 
 

Table 7. 1 Triangular fuzzy number of linguistic variables 

Linguistic variables Triangular fuzzy numbers Reciprocal triangular fuzzy numbers 
Extremely strong (9,9,9) (1/9, 1/9, 1/9) 

Very strong (6,7,8) (1/8, 1/7, 1/6) 
Strong (4,5,6) (1/6, 1/5, 1/4) 

Moderately strong (2,3,4) (1/4, 1/3, 1/2) 
Equally strong (1,1,1) (1,1,1) 

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

(1/9, 1/8, 1/7), (1/7, 1/6, 1/5), 
(1/5, 1/4, 1/3), (1/3, 1/2, 1) 
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The hierarchy tree is subject to establish PC between the main three criteria and twenty one 
criteria and sub-criteria. After collecting the data, the geometric mean approach was used for 
aggregating evaluators response and the final scores were measured and prioritized. In order to 
ensure the supply quality and trust ability of collected data, the consistency check was 
accomplished. 
 
This chapter aims to enumerate the most crucial public bus transport supply quality criteria and 
detect the agreement level between different evaluator groups based on FAHP method, Mersin 
Metropolitan area (Turkey) was chosen as a case study. As a commencement study, the ensuing 
hierarchical structural model has been integrated and employed for elaborating the public 
transport situation of Yurihonjo city (Japan) in 2012 (Duleba, Mishina and Shimazaki, 2012). 
 
Then the pairwise comparison matrices of the AHP combined with the fuzzy set theory for 
further calculations and reducing the subjectivity in the criteria weightings. In this regard, fuzzy 
numbers were defined to make pairwise comparisons and structure the corresponding matrices. 
By considering the matrix 𝐴¡ as our pairwise comparison matrix that structured with the fuzzy 
numbers, then we have (7.1): 
 

                (7.1) 
 
where each component of has the condition that if 𝑎¢ = (𝑙10, 𝑚10, 𝑢10)  then 𝑎¢10@5 = (5

¥ 10
, 1/

𝑚10, 1/	𝑢10) for 1, j, …., n and 𝑖 ≠ 𝑗. 
 
Therefore, all components of the matrix can be defined from the fuzzy numbers. For the 
normalize summation of the rows in the matrix by using the triangular fuzzy number, we used 
the following equation (7.2): 
 

𝑆1 =h𝑀§1
0

D

0`5

	¨	©hh𝑀§1
0

D

0`5

A

1`5

ª

@5

																																																																																		 (7.2) 

 
where i and j were the number of rows and columns respectively and ⨂	is the extended 
multiplication of two fuzzy triangular numbers. 𝑀§1
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where 𝑙1  , 𝑚1 and 𝑢1 are the first to third components in fuzzy numbers. 
 
If  𝑀5 = (𝑙5,𝑚5, 𝑢5) and 𝑀6 = (𝑙6,𝑚6, 𝑢6) are considered as two triangular fuzzy numbers (see 
figure 5), then the degree of possibility 𝑀5 in comparison with 𝑀6 was define as equation 8: 
 

𝑉(𝑀6 ≥ 𝑀5) = ℎ𝑔𝑡	(𝑀5 ∩ 𝑀6) = 𝜇·¸(𝑑)

⎩
⎨

⎧
1					𝑖𝑓									𝑚6 ≥ 𝑚5
0					𝑖𝑓										𝑙5 ≥ 𝑢6

𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒					
𝑙5 −	𝑢6

(𝑚6 − 𝑢6) − (𝑚5 − 𝑙5)

				(7.6) 

 
 

 
Figure 7. 2 The degree of possibility 𝑉(𝑀6 ≥ 𝑀5) 

 
On the other hand, the possibility of a triangular number is obtained from a 𝑘 fuzzy number of 
the following equation: 
 
𝑉(𝑀 ≥ 𝑀5,𝑀6, … .𝑀7) = 𝑉[(𝑀 ≥ 𝑀5)	𝑎𝑛𝑑	(𝑀 ≥ 𝑀6)𝑎𝑛𝑑… . 𝑎𝑛𝑑	(𝑀 ≥ 𝑀3)] =
𝑀𝑖𝑛𝑉	(𝑀 ≥ 𝑀1), 𝑖 = 1, 2,… . , 𝑘         (7.7) 
 
Calculating the weight of criteria and options in the paired comparative matrices. In this step 
the following equation can be use: 
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𝑑¿(𝐴1) = 𝑀𝑖𝑛𝑉	(𝑆1 ≥ 	 𝑆3)				𝑘 = 1, 2, … , 𝑛.			𝑘 ≠ 𝑖	      (7.8) 
 
Therefore, the normalized vector will be as follows: 
 

𝑊¿ = �𝑑¿(𝐴5), 𝑑¿(𝐴6),…… . 𝑑¿(𝐴A)�
Á
										𝐴1	(𝑖 = 1, 2,… . . , 𝑛)     (7.9) 

 
The final weight vector was calculated through the following equation: 
 
𝑊 =	(𝑑(𝐴5), 𝑑(𝐴6),…… , 𝑑(𝐴A))Á             (7.10) 
 
Considering the separation of the three different sides of public bus transportation, the scores 
of the proper eigenvectors provide the opportunity to set up a rank order of preferences among 
the participants of public bus transport on the issues of the system while considering the weights 
of the previous levels by using the following equation: 
 

𝑤UV = 	
WX
W
	 WVX
∑ WVZ[
Z\]

= 	 ^WX
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	 5
∑ WVZ[
Z\]

_	𝑤10       (7.11) 

 
where j = 1, ..., m and 𝑤 =	∑ 𝑤0D

1`5 ; 
 
𝑤0 > 0 ( j = 1, ..., m ) represents the related weight coordinate from the previous level; 𝑤10  >  0 
( i = 1, ...,n) is the eigenvector computed from the matrix in the current level, 𝑤U1 ( i = 1, ..., n ) 
is the calculated weight score of current level’s elements. Sensitivity analysis enables to follow 
the effects of changes in the main criteria on the sub criteria disaggregating and helping local 
government representatives maker to check the robustness throughout the process.  
 
 

7.3  Results and Discussion 
 
Priority order of different elements in public bus transportation systems in terms of their 
development is presented in Table 7.2, 7.3 and 7.4. In the first level, all different participant 
groups of the analyzed public transportation system indicated the development of the 
“Tractability” criteria as the most significant related issue as shown in Table 7.2.  
 
On the other hand, there were differences of preferences between passenger groups and the 
other groups in the second and third rank. Accordingly, the passenger groups ranked the 
“Service Quality” as the second most important issue followed by the “Transport Quality”, 
while the other participated groups evaluated the “Transport Quality” as second most important 
issue followed by “Service Quality”. 
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Table 7. 2 Fuzzy weight scores of the criteria for Level 1 

Rank 
Regular users Potential users LGR 

Criteria Scores Criteria Scores Criteria Scores 
1 Tractability 0.595 Tractability 0.623 Tractability 0.607 
2 Service Quality 0.246 Transport Quality 0.311 Transport Quality 0.336 
3 Transport Quality 0.244 Service Quality 0.155 Service Quality 0.161 

 
The situation was a bit different in level 2, where passenger groups ranked the “Information 
during travel” as the most important criteria followed by the “Perspicuity” and “Information 
before travel”. But, potential passenger groups evaluated the “Physical comfort” as the most 
important criteria, which was not observed that important in regular users and LGR point of 
view. For LGR side, the most significant criteria was the “Perspicuity” followed by the 
“Information during travel” and the “Mental comfort”. 
 

Table 7. 3 Final fuzzy weight scores of the criteria for Level 2. considering branch connections 

Rank 
Regular users Potential users LGR 

Criteria Final 
scores Criteria Final 

scores Criteria Final 
scores 

1 
Information during 

travel 0.284 Physical comfort 0.204 Perspicuity 0.269 

2 Perspicuity 0.185 Perspicuity 0.176 Information during 
travel 

0.22 

3 Information before 
travel 

0.148 Mental comfort 0.113 Mental comfort 0.185 

4 Speed 0.104 
Information before 

travel 
0.112 

Information before 
travel 

0.181 

5 Physical comfort 0.086 Directness 0.099 Physical comfort 0.145 

6 Mental comfort 0.086 Information during 
travel 

0.098 Speed 0.049 

7 Safety of travel 0.077 Time availability 0.076 Directness 0.048 
8 Directness 0.0498 Speed 0.073 Time availability 0.038 
9 Approachability 0.045 Approachability 0.071 Safety of travel 0.032 

10 Time availability 0.043 Safety of travel 0.069 Approachability 0.025 
11 Reliability 0.039 Reliability 0.035 Reliability 0.012 

 
It can be counted on positively that all evaluator groups evaluated the “Reliability” as the lowest 
insignificant criteria in this level, almost the same point of views toward the “Approachability”. 
In the last level, more disagreement could be detected, where for user side “Time to reach stops” 
criteria was the most crucial one followed by “ Need of transfer” and “Awaiting time”, while 
potential user side ranked the “Fit connection” as the most crucial issue followed by “Frequency 
of lines” and “Distance to stops”. Finally, the “Limited time of use” was estimated as the most 
substantial criteria followed by the “Need of transfer”. 
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Table 7. 4 Final fuzzy scores of the criteria for Level 3. considering branch connections 

Rank 
Regular users Potential users LGR 

Criteria Final scores Criteria Final 
scores Criteria Final 

scores 
1 Time to reach stops 0.053 Fit connection 0.07 Limited time of use 0.029 
2 Need of transfer 0.031 Frequency of lines 0.049 Need of transfer 0.027 
3 Awaiting time 0.031 Distance to stops 0.042 Fit connection 0.0197 
4 Frequency of lines 0.031 Need of transfer 0.029 Journey time 0.018 
5 Journey time 0.020 Journey time 0.027 Time to reach stops 0.017 
6 Comfort in stops 0.0196 Time to reach stops 0.027 Awaiting time 0.015 
7 Fit connection 0.019 Limited time of use 0.026 Comfort in stops 0.011 
8 Distance to stops 0.015 Awaiting time 0.024 Frequency of lines 0.009 
9 Safety of stops 0.014 Safety of stops 0.019 Distance to stops 0.008 

10 Limited time of use 0.013 Comfort in stops 0.017 Safety of stops 0.007 

 
The final aggregated scores for the different stakeholder after applying FAHP approach are 
presented in the following tables (Table 7.5-7.7): 
 

Table 7. 5 Fuzzy aggregated weight scores for all groups for Level 1. 

Rank Criteria Final scores 
1 Tractability 0.623 
2 Transport Quality 0.311 
3 Service Quality 0.155 

 
In the first level, the most critical issue is the “Tractability” followed by “Transport quality”. 
While the “Service quality” is the last important issue for improving the public transport supply 
quality from all evaluators responses. 
 

Table 7. 6 Final fuzzy weight scores for all groups for Level 2. considering branch connections 

Rank Criteria Final scores 
1 Perspicuity 0.285 
2 Information during travel 0.215 
3 Information before travel 0.199 
4 Mental comfort 0.157 
5 Physical comfort 0.135 
6 Speed 0.047 
7 Directness 0.046 
8 Time availability 0.037 
9 Safety of travel 0.0288 
10 Approachability 0.024 
11 Reliability 0.011 
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In the second level, the “Perspicuity” is the most important criteria to be developed, followed 
by “Information during travel” and “Information before travel” and the “Reliability” is 
observed as the last important issue. For third level, “Limited time of use” is the most important 
criteria, while, the “Safety of stops” is the last important one. 
 

Table 7. 7 Final fuzzy weight scores for all groups for Level 3. considering branch connections 

Rank Criteria Final scores 
1 Limited time of use 0.029 
2 Need of transfer 0,027 
3 Fit connection 0.0194 
4 Time to reach stops 0.018 
5 Journey time 0.017 
6 Awaiting time 0.0145 
7 Comfort in stops 0.011 
8 Distance to stops 0.0095 
9 Frequency of lines 0.008 
10 Safety of stops 0.0067 

 
 

7.4  Conclusion 
 
Attaining consensus in complex decision problems with various involved stakeholder groups 
operating along different interests is a very difficult task in the field of decision support theory 
and practice. Nevertheless, this is the only possibility to gain final, integrated and sustainable 
results for a high impact public problem. 
 
FAHP achieved to indicate the ‘limited time of use’ as the most serious problem in the third 
most specific level. In practice, this means that users and potential users are not satisfied with 
the time frame of the lines; the local government should consider launching earlier lines in the 
morning hours and later lines in the evening. This might attract more citizens to use public 
transport in this time of the day (maybe because of early or late working hours in the city), so 
the utilization of the public transport system as a whole could be increased. 
 
FAHP generate more reliable results in the condition of uncertain judgments is fulfilled and 
also, the requirement for synthesis of the opinion can be completed. In the real decision making 
procedure, the results have to be considered regarding the expressed interests of all relevant 
stakeholder groups. Concerning the public transport development decisions, this approach 
might contribute to more efficient public transport system improvement and by this to more 
utilization of public vehicles, less air pollution, less traffic problems and more satisfied citizens 
eventually.   
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7.5  Thesis 4 
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• I introduced a decision support procedure by applying the Fuzzy AHP
which is capable of analyzing and creating consensus among different
stakeholder participants in a transport development problems. Fuzzy
AHP performs very well in those cases in which laymen evaluators are
participating in the survey.
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Chapter 8 
 

8. Pareto-AHP Model for Evaluating Public Transport Supply 
Quality 

 
 

8.1  Introduction and Contributions 
 
The Analytic Hierarchy Process (AHP) has become one of the most popular decision making 
technique 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 not only theoretically but also the practically  (Saaty, 
1977). 
 
Human by their nature make many decisions for his daily activities and problems. Conversely, 
they cannot deal with some complex problems by using the natural human beings’ sense. 
MCDM was the solution for this kind of problems. Eventually, in multi objective optimization 
problems, the unique solution exists, but, a set of mathematic equally good outcomes could be 
identified. These outcomes are known as Pareto optimal (efficient= nondominated= noninferior) 
solutions. MCDM solutions consider inferior (inefficient) in some cases, and these problems 
have been studied intensively for several decades  (Pareto, 1906; Bozóki and Fülöp, 2018). The 
aim of using MCDM optimizations is to help the decision makers to find a nondominated 
solution.  
 
For example, the results of the AHP approach which are based on eigenvector technique and 
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 and 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 Pareto AHP model. Moreover, I compared 
the modified scores with the original scores.  
 
 
 
 
 
 
 
 
 



 
71 

 

8.2  Methodology 
 
AHP decomposes a complex decision problem into a hierarchical structure and creates pairwise 
comparison matrices based on the hierarchy. The main steps of the pure AHP approach was 
explained in details in chapter 4 (Duleba and Moslem, 2018b, 2019; Moslem and Duleba, 2018). 
 
The first roots of optimization technique was proposed by Pareto at the end of 19th century 
(Pareto, 1906). In the mathematical point of view, the optimization methods are used efficiently 
till nowadays in order to boost decision support systems mainly in the subject of multi criteria 
optimizations. 
 
It has recently proved that the eigenvectors and the final scores of the criteria and alternatives 
are not necessarily Pareto optimal (Bozóki and Fülöp, 2018) in case of 4×4 and larger matrices. 
Therefore 𝑤U1 -s can be tested and improved with dominant weight vectors that give better 
approximation to 𝑎10-s than the eigenvectors. 
 
A weight vector is called Pareto optimal if no other weight vector exists that approximates via 
the nations of its coordinates, the elements of the pairwise comparisons matrix better at least as 
good in every position and strictly better in at least one position. 
 
 
  𝑚𝑖𝑛∏ 𝑡101,0∈I           
 
	FX
FV
𝑎10 ≤ 1    for all (i, j) ∈I,       

  
	FV
FX

WX
WV

5
ÂVX
≤ 1    for all (i, j) ∈I,       (8.1) 

 
	0 ≤ 𝑡10 ≤ 1    for all (i, j) ∈I,    
 
	𝑎01

FV
FX

=1    for all (i, j) ∈J, 

 𝑥5 = 1 
   
Variables are 𝑥1 > 0; 	1 ≤ 𝑖 ≤ 𝑛 and 𝑡10 , for	all	(i, j) 	 ∈ 𝐼 . 
 
Bozóki and Fülöp (2018) provide that the optimum value of the optimization problem (8.1) is 
at most 1 and it is equal to 1 if and only if weight vector w is efficient for (1). Denote the optimal 
solution to (8.1) by (𝑥∗,	𝑡∗)∈  𝑅AË|I| . If weight vector w is inefficient, then weight vector 𝑥∗ is 
efficient. 
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This optimization problem is nonlinear but it can be transformed to a linear program by taking 
the logarithm of the objective function and constraints for the detailed description (Bozóki and 
Fülöp, 2018) (Section 4) is referred. 
 
Assuming a 𝑤′ weight vector could be found that dominates the w eigenvector from Pareto 
aspect so can be considered as more effective than w. In Pareto optimal AHP w have to be 
replaced by 𝑤′ and in case there are lower level elements connected with w, their related weight 
coordinate are also to be modified by the respective 𝑤′ coordinate, thus this modification flows 
through all the connected elements of w. 
 

 𝑤UV
¿ = 	W

Ì
X

W
	 WVX
∑ WVZ[
Z\]

= 	 ^W
Ì
X

W
	 5
∑ WVZ[
Z\]

_	𝑤10 	,       (8.2) 

 
where 𝑤′0 is the respective coordinate of the modified eigenvector from the previous level, 𝑤U1′ 
is the modified final score of the lower level element. 
 
 

 
 

Figure 8. 1 The process of applying AHP with Pareto optimality test. 

(Source: own) 
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8.3  Results and Discussion 

 
In 2017, an AHP survey had been conducted in Mersin, Turkey to examine participants’ view 
on public bus transport system supply quality. In the survey, the hierarchical structure 
developed by Duleba in 2012 has been used (Duleba, Mishina and Shimazaki, 2012), while in 
the hierarchical model design, each evaluator required to provide pairwise comparisons to rank 
the criteria at all levels. The hierarchical structure was explained adequately in chapter 4 
(Duleba and Moslem, 2018b). 
 
The characteristics of the conducted survey based on the hierarchical model were the followings:  
 

• One hundred evaluators from different groups (two managers ‘in the relevant field’ + 
fifteen local government officials ‘in the relevant field’ + eighty tree public passengers 
and non-passengers) had participated, out of the total population of 1.773.852. The 
number of participants evidently not statically representative, hence, the MCDM 
provides a deeper insight based on pairwise comparisons than simple statistical survey 
(Saaty,1994);   

• The survey had been collected during July, August and September 2017, and had been 
analyzed in February 2018. Passengers, non-passengers and local government 
representatives had participated in the survey to determine the preference weight of the 
criteria for public transport supply quality model.  

 
As stated in this chapter, it has been proven that Pareto efficiency is always refer at least (4 × 
4) matrices or bigger. In the presented hierarchy model, there is only one possible not Preto 
optimal matrix that is bigger than (4 × 4) matrix and suitable for Pareto efficiency test. This 
matrix locates in level 2, and it has five coordinates (Approachability, Directness, Time 
availability, Speed, Reliability).  
 

Table 8. 1 The original matrix for Pareto optimality test in the survey. 

 Approachability Directness 
Time 

availability Speed Reliability 

Approachability 1 2.7850 0.4610 1.6440 0.3090 
Directness 0.3591 1 3.6100 1.0920 0.2670 

Time availability 2.1692 0.2770 1 1.4030 0.4470 
Speed 0.6083 0.9158 0.7128 1 0.3100 

Reliability 3.2362 3.7453 2.2371 3.2258 1 
 
The eigenvector of the aggregated matrix is (0.1746,0.1733, 0.1544, 0.1062,0.3915)Á 
determined by Saaty’s eigenvector method. By applying (𝑤1/𝑤0 ) values, the consistent 
approximation of the original matrix can be constructed. Table 9 presents an experiential matrix, 
thus different values are expected.  
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Table 8. 2 The consistent approximation of the original 5 × 5 matrix in the survey. 

Eigenvector 
𝑤5 𝑤6 𝑤7  𝑤8 𝑤9 

0.1752 0.1739 0.1550 0.1031 0.3928 
𝑤5  0.1752 1 1.0080 1.1309 1.6997 0.4461 
𝑤6 0.1739 0.9921 1 1.1219 1.6863 0.4426 
𝑤7 0.1550 0.8843 0.8913 1 1.5030 0.3945 
𝑤8 0.1031 0.5883 0.5930 0.6653 1 0.2625 
𝑤9 0.3928 2.2416 2.2595 2.5350 3.8101 1 

 
 
Pairwise Comparison Matrix Calculation (PCMC) software has been applied to modify the 
results, while the eigenvector (w) has been checked also and it is not Pareto optimal. All 
approximation in the corresponding matrix have been good, except the values in forth column 
and forth row that were not Pareto optimal. 
 
 

Table 8. 3 The optimization matrix gained by minimizing,	Î𝑎10 − 	𝑤1/𝑤0Î 

|	𝑎10 −	𝑤1/𝑤0| Approachability Directness Time 
availability 

Speed Reliability 

Approachability 0 1.7770 0.6699 0.0557 0.1371 
Directness 0.6330 0 2.4881 0.5943 0.1756 

Time availability 1.2849 0.6143 0 0.1000 0.0525 
Speed 0.0199 0.3227 0.0474 0 0.0475 

Reliability 0.9946 1.4858 0.2978 0.5843 0 

 
 
The principal right eigenvector is not Pareto optimal. The Pareto optimal weight vector is 
between corresponding and the right eigenvector scores, The final dominates scores after 
modification are signified in table 8.4.  
 

Table 8. 4 Ratios from the dominating weight vector 

 
𝑤′5 𝑤′6 𝑤′7 𝑤′8 𝑤′9 

0.1746 0.1733 0.1544 0.1062 0.3915 
𝑤′5 0.1746 1 1.0080 1.1309 1.6440 0.4461 
𝑤′6 0.1733 0.9921 1 1.1219 1.6310 0.4426 
𝑤′7 0.1544 0.8843 0.8913 1 1.4537 0.3945 
𝑤′8 0.1062 0.6083 0.6131 0.6879 1 0.2714 
𝑤′9 0.3915 2.2416 2.2595 2.5350 3.6852 1 
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The optimization matrix gained by minimizing,	Î𝑎10 −	𝑤′1/𝑤′0Î   
 

Table 8. 5 The optimized matrix, Î𝑎10 −	𝑤′1/𝑤′0Î 

|𝑎10 −	𝑤′1/𝑤′0 | Approachability Directness Time availability Speed Reliability 
Approachability 0 1.7770 0.6699 0 0.1371 

Directness 0.6330 0 2.4881 0.5390 0.1756 
Time availability 1.2849 0.6143 0 0.0507 0.0525 

Speed 0 0.3026 0.0249 0 0.0386 
Reliability 0.9946 1.4858 0.2978 0.4594 0 

 
In table 8.5, it is visible that the eigenvector can be replaced by the Pareto optimal, dominating 
weight vector  𝑤¿ = 	 (0.1746,0.1733, 0.1544, 0.1062,0.3915)Á . The original AHP scores 
also have to be modified by the improved scores for the respective lower level elements in Level 
2 and Level 3.  
 
The following table show the improvement between eigenvector values before and after 
optimization. 
 

Table 8. 6 Result of optimization process 

(i, j) 
Initial value 𝑥1/𝑥0 

(The original AHP value) 
Target value  𝑎10  

(The ideal weight score) 
Optimization value 𝑤′1/𝑤′0 

(The Pareto optimization result) 
(1, 4) 1.6997 1.6440 1.6440 
(2, 4) 1.6863 1.0920 1.6310 
(3, 4) 1.5030 1.4030 1.4537 
(5, 4) 3.8101 3.2258 3.6852 
(4, 1) 0.5883 0.6083 0.6083 
(4, 2) 0.5930 0.9158 0.6131 
(4, 3) 0.6653 0.7128 0.6879 
(4, 5) 0.2625 0.3100 0.2714 

 
 
where the last 4 rows are the reciprocal values of the first 4 rows. 
 
In the following tables (table 8.7, table 8.8 and table 8.9) the modified final scores were depicted: 
 
 

Table 8. 7 Final criteria scores for Level 1 after Pareto optimization 

Ranking of criteria by evaluator 
Level 1 

1 Service Quality 0.5086 
2 Transport Quality 0.3215 
3 Tractability 0.1698 
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Table 8. 8 Final criteria scores for Level 2 after Pareto optimization 

Ranking of criteria by evaluators 
Level 2 

1 Reliability 0.1991 
2 Safety of travel 0.1891 
3 Mental comfort 0.1033 
4 Approachability 0.0888 
5 Directness 0.0881 
6 Time availability 0.0785 
7 Information during travel 0.0600 
8 Perspicuity 0.0561 
9 Speed 0.0540 
10 Information before travel 0.0537 
11 Physical comfort 0.0292 

 
 

Table 8. 9 Final criteria scores for Level 3 after Pareto optimization 

Ranking of criteria by evaluators 
Level 3 

1 Fit connection 0.0747 
2 Frequency of lines 0.0532 
3 Distance to stops 0.0359 
4 Safety of stops 0.0343 
5 limited time of use 0.0313 
6 Awaiting time 0.0201 
7 comfort in stops 0.0186 
8 Time to reach stops 0.0175 
9 Journey time 0.0165 

10 Need of transfer 0.0134 
 
 
The improved eigenvector located in the second level, so the changes in the final scores are 
matured in the second and the third level, the difference in the scores are illustrated in table 
8.10 for level 2 and table 8.11 for level 3. 
 

Table 8. 10 Improved criteria scores by Pareto optimization for Level 2 

Ranking Criteria Original scores Scores after optimization Difference 

1 Reliability 0.1996 0.1991 0.0004 

4 Approachability 0.0873 0.0888 0.0015 

5 Directness 0.0856 0.0881 0.0025 

6 Time availability 0.0824 0.0785 0.0038 
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Table 8. 11 Improved criteria scores by Pareto optimization for Level 3 

Ranking Criteria Original scores Scores after optimization Difference 

1 Fit connection 0.0740 0.0747 0.0007 

2 Frequency of lines 0.0558 0.0532 0.0026 

3 Distance to stops 0.0346 0.0359 0.0013 

4 Safety of stops 0.0330 0.0343 0.0013 

5 limited time of use 0.0329 0.0313 0.0016 

 
 

8.4  Conclusion 
 
Conducting Pareto optimality test on real pairwise comparison data has been successful in a 
sense that not Pareto optimal weight vector could be detected in the AHP structure. The 
optimization process produced improved weight coordinates that are Pareto optimal. From 
application point of view, on the other hand, it has to be emphasized that the difference between 
the Pareto optimal and not Pareto optimal values is small. For those cases, in which the criteria 
or alternatives scores derived from the pairwise comparison matrices are very close, the 
efficiency test may alter the ranking for other cases, it probably will not. Although the Pareto 
modifications may appear not significant when considering the separated pairwise comparison 
matrices, for the total AHP structure, their significance increase because of the nature of the 
hierarchical structure. Provided the not Pareto optimal weight vector is on an upper level of the 
hierarchy, the impact of the modified scores flow throughout the structure and may cause rank-
reversal among the criteria or alternatives.  
 
Based on this, Pareto optimality test can be recommended for all AHP applications (evidently 
which contain 4x4 or bigger PCM-s) but especially for those that are more complex with multi-
level hierarchy of criteria or the eigenvector method produced very close values for the ranking. 
As a remark for further research, the examination of Pareto optimality for Analytic Network 
Process matrices and decision structure might be challenging, that could be the generalization 
of AHP efficiency results. 
 
From practical aspect, the optimization procedure does not require much calculation and is not 
time consuming. Moreover, an optimization tool is available online for specific sized matrices 
(see pcmc.online). 
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8.5  Thesis 5 

 
 

 
 
 
 
Related publications to this chapter:  
 
Duleba S, & Moslem S. (2019). Examining Pareto optimality in analytic hierarchy process on 
real Data: An application in public transport service development. Expert System with 
Applications, 116:21–30. 
  
Moslem S, & Duleba S. (2018). Application of AHP for evaluating passenger demand for public 
transport improvements in Mersin, Turkey. Pollack Period, 13. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Pareto-efficiency was inspected on real case study, pairwise comparison
matrices gained from a public transport AHP survey. Moreover,
detecting the impact of weight score modification on the whole AHP
structure and thus the significance also scope of this chapter.
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Chapter 9 
 

9. The Summary of Scientific Results and Future Research 
 
 

9.1  The New Scientific Results 
 
Having a reliable survey related to passenger satisfaction would be of significant importance 
for public transportation supply quality. MCDM approaches were used to detect the satisfaction 
level for the customers in different sectors. Hence, the main contribution of the dissertation was 
as the following: 
 

• In Thesis 1, I conducted the conventional AHP approach to evaluate the public bus 
transport supply quality in Mersin city where different stakeholder groups were 
involved in the questionnaire survey. The efficiency and flexibility of AHP, guarantees 
a widespread application by providing a robust and reliable outcome. Furthermore, I 
used the group AHP to aggregate the answers for all evaluators to get a well-rounded 
idea about the real situation.  

 
• In Thesis 2, to make the public transport system not only efficient as possible, but also 

sustainable as possible, the final results of three different evaluator groups have been 
aggregated by conducting a new model which can be further considered. Moreover, I 
employed Kendall’s coefficient of concordance (W) to measure the agreement degree 
among different evaluator groups. 
 

• In Thesis 3, to compute the final weight scores of different stakeholder groups, I 
conducted the questionnaire survey for applying the Interval AHP (IAHP) approach. 
Moreover, I calculated the final weight scores and compared the results with the 
traditional AHP results in a step to make sustainable development decisions. Meanwhile 
IAHP is capable of consensus creation which is based on an automated computation 
process by considering minimum and maximum scoring of each decision item. 
 

• In Thesis 4, I applied Fuzzy AHP which is capable of  treating uncertainty in 
respondents scoring especially for citizen groups in a transport development problem, 
all used data was collected by me.  
 

• In Thesis 5, for a better approximation for characterizing the local government 
representatives’ opinion than the traditional eigenvector method of Saaty, the Pareto 
optimal modified vector was employed which may lead to better decisions. The Pareto-
optimality was tested on real data pairwise comparison matrices gained from public 
transport AHP questionnaire survey, where I collected the data. In addition, I computed 
the final weight scores after modifying the vector. The impact of weight score 
modification was detected on the whole AHP structure and thus the significance of 
Pareto test is also a scope of this study. 
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9.2   Scope for Future Research 

 
• The scope for the future research, regarding the Thesis 1, is to calibrate a mathematical 

model for aggregating the different evaluator group answers in order to gain more 
reliable and robust outcomes. Furthermore, extending the size of evaluator numbers to 
be acquainted with the real stance of public transport supply quality in the city in.  
 

• The scope for the future research, regarding the Thesis 2, is to carve up the evaluators 
into dedicated groups for understanding the real demand of society’s miscellaneous 
groups. Moreover, to facilitate the dynamical questionnaire survey by amalgamating 
another technique. 
 

• The scope for the future research, regarding the Thesis 3, is comparing the IAHP 
outcomes with the new aggregation technique outcomes in chapter 5. However, using 
FAHP to rank the criteria for each evaluator would generate more efficient and robust 
results because fuzzy numbers mimic the laymen evaluator reasoning in that it deals 
with uncertainty and approximate information to make decisions. 
 

• The scope for the future research, regarding the Thesis 4, is to insert the best-worst 
method with FAHP, which interns will save time for each questionnaire survey by 
dropping of the pairwise comparisons number. 
 

• The scope for the future research, regarding the Thesis 5, is to run out Pareto efficiency 
test on ANP’s eigenvector, where the non-optimality ratio would be higher because of 
higher number of the comparisons. 

 
The suggested model for experts evaluators is Pareto-AHP model. For those cases in which 
laymen evaluators are  participating in the survey, the Fuzzy-AHP model preforms very well. 
Regarding the aggregation techniques, we recommend the geometric mean and the interval 
techniques for homogeneous evaluators groups. Notwithstanding, in case of different 
stakeholder evaluators groups, weight based aggregation technique. 
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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 part: 
 

1.Part: Demographic 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 criteria over another 
5 Strong importance of one criteria over another 
7 Very strong importance of one criteria over another 
9 Extreme importance of one criteria over another 

2, 4, 6, 8 Intermediate values 
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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 
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 
 


