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Abstract 

This paper constructs an urban public transport satisfaction evaluation system that covers 
safety, convenience, rapidity, punctuality, comfort and economy. The hierarchy of analytic 
hierarchy process (AHP) is used to establish index hierarchy of evaluation system, and the 
weights of indicators are determined by expert consultation. The index hierarchy of 
evaluation system is established based on the framework of AHP, and the weight of indexes 
are determined by Delphi method. Based on the extensible set theory, we establish the 
evaluation model of urban public transportation satisfaction, and get the weight and 
correlation function of each evaluation factor, so as to realize the quantitative evaluation of 
urban public transportation satisfaction. Finally, according to the data from the 
questionnaire survey of public transportation passenger satisfaction, we analyzed the 
satisfaction in Jiaozuo City, Henan Province, and the final evaluation result was general 
satisfaction. 
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1. Introduction 

Urban public transportation is an important infrastructure closely related to people's life, and also an 

important way to solve traffic jams in cities. Whether public transportation is preferred by the public is 

mainly dependent on the level of public transport services. Only based on the needs of the passengers 

can the public transport system be constantly improved, better services are provided, and more public 

transportation is attracted by the public, thus effectively alleviating traffic congestion. Therefore, the 

evaluation of residents' satisfaction with public transport is not only more and more important for the 

implementation of public transport priority plans, but also provides a decision basis for improving the 

service quality of public transportation services. 

Since 1970s, scholars have put forward a more systematic view from the aspects of theoretical 

research and practical research in the field of urban public transportation evaluation. Alter[1] evaluated 

the level of passenger satisfaction by accessibility, reliability, travel time and other indicators; David[2] 

constructs a public transportation preference model based on five variables, such as waiting 

satisfaction, travel satisfaction, car satisfaction, information satisfaction and comfort; Friman[3] 

proposed a public transport passenger satisfaction evaluation model, and concluded that the overall 

satisfaction and cumulative satisfaction showed a positive correlation. In the field of urban public 

transport evaluation, Chinese scholars mainly focus on two indicators of public transport system 

service level and passenger satisfaction. Wei Wang[4] put forward a fuzzy clustering analysis method 

based on the service level of public transport system. Jing-jin Yuan[4] uses the AHP to evaluate the 



International Core Journal of Engineering Vol.4 No.1 2018                                                  ISSN: 2414-1895 

 

171 

 

running state of the city public transportation system; Ying-hong Li[5] demonstrated the grey 

clustering evaluation model of China's public transportation rapid transit service level by line 1 of 

Ji'nan city BRT; Xing Kuang[6] evaluated the satisfaction of passenger transportation level and public 

transportation line network in Changchun from walking distance, ticket price, vehicle safety,. etc. In 

the study of public transportation passenger satisfaction, scholars mainly focus on the development 

model of public transportation system, public transportation station [7], public transportation network 

optimization [8], public transportation safety and convenience [9], economy and comfort. 

Most of the researches are focus on public transportation construction and the statistical data of 

facilities to evaluate the development level of public transportation. The evaluation methods mainly 

adopt fuzzy comprehensive evaluation method, grey theory evaluation and BP neural network 

evaluation. But the urban public transportation satisfaction is a comprehensive problem that covers the 

participation of many parties. The comprehensive concept of operation management and service 

characteristics should be analyzed qualitatively when evaluating the satisfaction. From the point of 

view of the system, this paper constructs the evaluation system of urban public transportation 

satisfaction, and builds the evaluation model of urban public transportation satisfaction based on the 

theory of matter element extension and the analytic hierarchy process. It aims to achieve 

comprehensive quantitative evaluation of public transportation satisfaction, and provide some 

reference for urban public transport management department. 

2. Urban public transportation satisfaction evaluation system 

At present, China has not set up a unified evaluation index system of public transportation passenger 

satisfaction, and the evaluation indexes of public transportation passenger satisfaction are different in 

all regions. The paper mainly draws on the evaluation index system of public transportation passenger 

satisfaction established at home and abroad, fully considers the present situation of the development 

level of urban public transportation service, and combines the appendix and appendix to the survey 

questionnaire of passengers, and has screened out six major indicators which are more close to the 

public and easy to accept, that is, safety, convenience, punctuality, rapidity, economy and comfort. 

Safety refers to the safety awareness of public transportation service to passengers, which is mainly 

reflected by the safe driving of the public transportation. Convenience refers to the convenience for the 

public taking the public transportation, mainly reflected by the average walking distance to the public 

public transportation, the public transportation operation time and the use of the public transportation 

card. Rapidity refers to the rapid delivery of public transportation to the destination, mainly reflected 

by the speed index of the public transportation; punctuality refers to whether the public transportation 

can arrive at the public transportation station on time, mainly reflected by the average waiting time of 

the passengers, and the comfort refers to the public transportation travel time. Comfort refers to the 

comfort of the passengers when the public transportation travels. The public transportation enterprises 

should try to reduce the weary sense of the public transportation passengers on the way, and reflect the 

public health service status of the public transportation, the change of the public transportation speed, 

the ventilation of the public transportation, the noise status in the public transportation and the damaged 

status of the public transportation seats. Economic refers to the cost of passengers traveling by public 

transportation, which is mainly reflected by the public transportation fare. On the basis of these, the 

basic indexes of Changsha public transportation passenger satisfaction evaluation model are selected, 

and the hierarchical structure of the evaluation index of public transportation passenger satisfaction is 

finally established as shown in Table 1. 

Table 1 Public transportation satisfaction evaluation system 

 Index level 1 Index level 1 

Public 

transportation 

satisfaction 

Safety Accident rate 

Convenience 
Walking distance, Operation time, The use of public 

transportation cards 
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Rapidity Public transportation running speed 

Punctuality Average waiting time 

Comfort 

Public transportation internal environment, Public 

transportation platform environment, Public transportation 

congestion degree, Service attitude of driver and passengers 

Economy fare 

3. AHP-matter-element model of urban public transportation satisfaction 

Matter element analysis is an important mathematical tool by introducing the concept of "matter 

element" and using the extension set theory to analyze things. It has been widely used in creative 

thinking, artificial intelligence, decision making, recognition and evaluation. In matter element 

analysis, the three elements are organically combined by the objects, the features of objects and the 

values of features, and a ordered tuple is formed in a certain order, which is called the matter element 

[10] as the basic element of the objects. The main idea of matter-element analysis is to replace the 

feature vectors of various evaluation indexes, and to carry out the transformation of matter element by 

reference to its corresponding evaluation set, so as to get the degrees of correlation between the subject 

element and each evaluation set. Finally we select the maximum corresponding level in the maximum 

correlation degree as the membership grade of the matter element. 

3.1 Weight determination by AHP. 

First, we arrange each index into several levels according to the affiliation and category (as shown in 

Figure 1), and then compare the importance of each index in the lowest level, so as to quantify the 

relative importance of each index, and the judgment matrix for constructing the quantized value of the 

relative importance of the index is as follows. 
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The element ija  in the Judgment matrix represents the value of the index i  relative to the index j , and 

ija  and jia  are reciprocal. According to the judgment matrix A , the maximum eigenvalue max  and the 

corresponding eigenvector 1 2( , ,..., )n     are obtained. At the same time, the consistency index CR  

is calculated to determine the consistency rate, CR CI RC , max( ) ( 1)CI n n   , in which RC  is a 

random consistency index, and its value can be obtained by literature[11]. When 0.1CR  , the 

consistency is acceptable. After passing the conformance test, the final feature vector   is the weight 

coefficient of the evaluation index. 

3.2 Matter element of urban public transportation satisfaction. 

Taking the object N  as the urban public transport, the value of characteristic C  is V , and the ordered 

triple ( , , )R N C V  is the basic unit of the object, that is, the satisfaction of urban public transportation. 

The matter-element R  has n  characteristics (evaluation index) expressed by ( 1,2,..., )ic i n  

respectively, and the corresponding value is ( 1,2,..., )iv i n . The satisfaction degree of urban public 

transport can be expressed as: 
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For the matter element of urban public transportation satisfaction, it is assumed that each characteristic 

( 1,2,..., )ic i n  has several levels to describe the level and quality of the development of each 

characteristic (evaluation index). It is called the classical field matter element 
BR , that is: 
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                                         （3） 

Each characteristic of matter element has a range of value to describe the range of the development of 

each characteristic (evaluation index), which is called the segment field matter element, that is: 
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3.3 Correlation function and comprehensive correlation degree. 

According to the basic characteristics of the extension set theory and urban public transportation, the 

following correlation function is used to express the degree of membership of the degree of urban 

public transportation satisfaction and the level of evaluation in advance. The correlation function ( )j ik x  

of evaluation index i  can be expressed in the following way: 
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( , ) | ( ) 2 | ( ) 2i ji i ji ji ji jix x x a b b a                                             （6） 

( , ) | ( ) 2 | ( ) 2i pi i pi pi pi pix x x a b b a                                             （7） 

We set the corresponding weight of each feature ic  as i , and the multi index comprehensive 

association degree ( )jk R  of R  can be expressed as: 

1

( ) ( )
n

j i j i

i

k R k x


                                                        （8） 

( ) max ( )jK R k R                                                         （9） 

For urban public transport satisfaction element R , the greater the ( )jk R  of the comprehensive 

correlation degree, the higher the correlation degree of urban public traffic satisfaction belongs to the 

grade j , and ( )K R  indicates that the satisfaction of urban public transportation is subordinate to the 

grade j . 

4. Example analysis 

Taking the public transport system in Jiaozuo city of Henan Province as an example of comprehensive 

evaluation, the evaluation model built before is analyzed and explained. The total population of 

Jiaozuo is 3 million 539 thousand and 800, the number of urban population is 1 million 433 thousand 

and 600, and the rate of urbanization is 49%. Up to now, there are 702 buses in Jiaozuo bus company, 

including 78 commuters, 4 robbing cars, 9 stopping cars, and a total of 38 bus routes in Jiaozuo. 
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4.1 The weights of indexes. 

In the construction of the judgment matrix, 1~9 and its reciprocal are used as the relative importance 

scale of the two indexes in the urban public transportation satisfaction evaluation system. The weight 

coefficients of each index are obtained by the calculation method described before, as shown in Table 

2. 

Table 2 calculation results of index weight 

 Index level 1 weight Index level 2 weight 

Evaluation 

system of public 

transportation 

satisfaction 

Safety 0.15 Accident rate 1.00 

Convenience 0.20 

Walking distance 0.32 

Operation time 0.44 

The use of public 

transportation cards 
0.24 

Rapidity 0.18 
Public transportation running 

speed 
1.00 

Punctuality 0.15 Average waiting time 1.00 

Comfort 0.12 

Public transportation internal 

environment 
0.24 

Public transportation 

platform environment 
0.20 

Public transportation 

congestion degree 
0.36 

Service attitude of driver and 

passengers 
0.20 

Economy 0.20 fare 1.00 

 

The consistency index 0.139CI  , random consistency index 1.45RI  , and we obtain  0.096 0.1RC   . 

Therefore, the weight is satisfied with the consistency test. 

4.2 Correlation function and comprehensive correlation degree. 

In view of every index in the evaluation system of urban public transportation satisfaction, 5 levels of 

expectations are set: satisfaction, basically satisfaction, general, dissatisfaction, disappointment. The 

correlation function of each index is calculated according to the questionnaire results and formula (5) ~ 

(7), and the calculation results are shown in Table 3. Then the 5 levels of relevance are calculated as 

shown in Table 4. Finally, the comprehensive correlation degree each scheme is shown in Table 4. Due 

to length limit, only part of the data is listed in Table 4. 

Table 3 Correlation degree of each index 

 Safety Convenience Rapidity Punctuality Comfort Economy 

satisfaction 0.17 -0.14 -0.06 0.02 0.12 0.29 

basically satisfaction 0.01 0.11 0.11 0.27 0.39 0.16 

general -0.03 0.13 0.03 0.13 0.07 -0.08 

dissatisfaction -0.20 -0.37 -0.37 -0.13 -0.35 -0.50 

disappointment -0.38 -0.45 -0.58 -0.76 -0.77 -0.47 
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Table 4 Comprehensive correlation degree of public transportation satisfaction in Jiaozuo 

satisfaction 
basically 

satisfaction 
general dissatisfaction disappointment 

-0.04 0.18 0.02 -0.37 -0.41 

4.3 Scheme comprehensive evaluation. 

In the evaluation of urban public transportation satisfaction, the value of ( )K R  reflects different 

situations: 

(1) when 0 ( ) 1K R  , it indicates that the evaluation index accords with the quantification degree of a 

certain level. The larger the value, the closer the standard is to the standard upper limit. 

(2) when 1 ( ) 0K R   , it is indicated that the index of the modified evaluation does not conform to the 

degree of a certain grade, but it is transformed into the condition of this level, and the greater the value, 

the more easily the index is converted. 

From the correlation degree of Table 4, we can see that the city's public transport satisfaction 

evaluation results are basically satisfactory. Besides, the evaluation results of safety and economic 

indicators are "very satisfied". The evaluation results of rapidity, punctuality and comfort are 

"basically satisfaction", and the evaluation result of the convenience index is "general". Therefore, in 

order to improve the satisfaction degree of urban public transportation in Jiaozuo, we should start with 

the operation time index under the convenience index, and put forward the corresponding 

improvement plan. 

5. Conclusion 

In this paper, matter element analysis is applied to evaluate the satisfaction degree of urban public 

transport. Through the analysis of the influencing factors of urban public transport, we select the 

relevant indicators to construct the evaluation system, and establish the evaluation model of urban 

public transport satisfaction. Finally, an example is made to analyze the results of Jiaozuo public 

transportation related parameters. The results show that the AHP- matter-element evaluation model is 

feasible in the urban public transportation satisfaction, and the method is easy to calculate and clear in 

steps. In addition, the results of the comprehensive evaluation of urban public transportation 

satisfaction are obtained, and the evaluation results of all kinds of indicators in the evaluation system 

are reacted with specific numerical values, so as to provide reasonable suggestions for improving the 

service quality of urban public transportation. 
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