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Abstract:

Prioritizing the development of public transit and enhancing its attractiveness is an important way to solve the problem of
urban traffic congestion and achieve sustainable development. To improve the service quality and overall operational
efficiency of urban public transit, an evaluation index system related to the comprehensive experience of passengers, ser-
vice supply quality of public transit enterprises, and supervision of management departments was introduced from both the
demand and the supply of public transit travel services. Based on the data distribution characteristics of the boxplot in
statistics, the evaluation level and corresponding value range of each index were determined, and the comprehensive weight
of the index was determined using the linear weighting method combining the analytic hierarchy process and the entropy
weight method, so as to reduce the influence of single weighting method on the evaluation results of comprehensive service
quality of public transit. An evaluation method of public transit comprehensive service quality based on the extension cloud
model was established. The evaluation results of the model were obtained by calculating the cloud affiliation and compre-
hensive certainty, and a reliability factor was used to test the evaluation results, which solved the problem of randomness
and fuzziness in the process of comprehensive service quality evaluation of public transportation and made the evaluation
results closer to the reality. Finally, the established comprehensive evaluation model was applied to a city for example
analysis, and the corresponding evaluation level was obtained as good. The value of the reliability factor in the model was
less than 0.01, indicating that the model has good applicability and a certain application value for the comprehensive
service quality evaluation of public transit. The evaluation method fully considered a variety of evaluation indicators,
specified the evaluation level of comprehensive service quality of public transit, and the evaluation results provide a theo-
retical basis for public transport enterprise to make targeted improvement measures.
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1. Introduction

Traffic congestion caused by the rapid development
of cities has been perplexing urban managers and
citizens for a long time. How to build a "people-ori-
ented" public transit travel system from the perspec-
tive of passenger demand and a green and environ-
mentally friendly protection travel mode for people
at all levels has become the key to solving the prob-
lem. (Lai et al., 2020) proposed an evaluation
method for public transit service quality based on
passenger energy cost according to the heart rate, ac-
celeration, and speed automatically collected by the
experimenter while walking in the subway transfer
station. (Awasthi et al., 2011) proposed a compre-
hensive evaluation method for the service quality of
an urban transportation system based on SERV-
QUAL and fuzzy TOPSIS. (Liou et al., 2014) pro-
posed a new information fusion model that solved
the subordination relationship between various
standards using the weighted nonlinear regression
analysis method and realized the evaluation of the
service quality of the public transport system.
(Sendek & Pyza, 2018) established a passenger sat-
isfaction evaluation model for Ningbo public transit
by combining the advantages of the analytic hierar-
chy process (AHP), entropy weight method, and
fuzzy comprehensive evaluation method. (Moslem
et al., 2020) proposed a method combining AHP and
the best worst method to evaluate public transit ser-
vice quality. (Sercan & Selguk, 2014) constructed a
public transportation system service evaluation in-
dex system, including 22 evaluation indexes in six
aspects: time, cost, accessibility, comfort, safety and
service quality. (Morton et al., 2016) identified three
potential factors that affect passenger satisfaction,
namely convenience, environment in bus and ease of
service. (Stojic et al., 2020) used correlation analy-
sis, factor analysis and regression analysis to analyze
the factors influencing passenger satisfaction based
on the young user group. (Rajsman & Skorput,
2022) proposed a multi-criteria transportation ser-
vice quality evaluation model based on passenger
satisfaction to determine differences between
reached level of the quality of transport service of
individual bus carriers and propose possible im-
provements to the business. (Moslem & Celikbilek,
2020) proposed an integrated grey Analytic Hierar-
chy Process and grey Multi Objective Optimization
Method by Ratio Analysis technique to evaluate the
public transport service quality. (Soza-Parra et al.,

2019) proposed that crowding has a negative and
non-linear impact on how passengers evaluate their
travel satisfaction through a post-service satisfaction
survey of bus and metro users. (Sam et al., 2018)
Used the SERVQUAL methodology to analyse the
core public bus transport users' service quality ex-
pectations and perceptions and pointed out that the
bus service reliability and responsiveness were key
to explain the bus service quality in the city.
(Chocholac et al., 2020) proposed that respondents
were more satisfied with the quality of services per-
formed by the urban public transport companies, but
the perception of individual service quality factors
varied from one user group to another. (Noor & Foo,
2014) pointed out that comfort, convenience, and
safety are the main factors influencing passenger
satisfaction. (Rajsman & Skorput, 2022) proposed a
multi-criteria model for evaluating the quality of
transport services by the method of measuring pas-
senger satisfaction based on the disaggregated ap-
proach and linear programming modeling (Kisil-
owski & Styputkowski, 2021) established a service
quality assessment index system for public transit
enterprises from four aspects: bus passenger de-
mand, bus enterprise service, enterprise authority,
and regional characteristics. (Deng & Qin, 2020) es-
tablished a passenger satisfaction evaluation index
system based on AHP and fuzzy comprehensive
evaluation method with six aspects of the economy,
convenience, comfort, speed, safety, and punctuality
as the first-level indicators. Based on the above re-
search results, most of the current research content
is to study the public transit service quality evalua-
tion or passenger satisfaction evaluation separately,
and does not combine the two for comprehensive
evaluation. Moreover, few research results involve
the evaluation of management departments. Most of
the evaluation methods in the above studies use an-
alytic hierarchy process, fuzzy comprehensive eval-
uation method and data envelopment analysis, and
these methods cannot adequately express the fuzzi-
ness in the evaluation process, which makes the cor-
relation between the evaluation methods and evalu-
ation indicators weak, and there is a certain devia-
tion between the evaluation results of the model and
reality. Therefore, based on the problems existing in
the above research, this paper introduces an evalua-
tion index system related to the comprehensive ex-
perience of passengers, quality of service supply of
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public transport enterprises and supervision of man-
agement departments from two aspects of public
transport travel service demand and supply. Analytic
hierarchy process and entropy weight method are
used for combined weighting. Using the advantages
of qualitative and quantitative analysis of matter-el-
ement extension theory and the uncertain reasoning
characteristics of normal cloud model, a comprehen-
sive service quality evaluation method of public
transport based on extension cloud model is estab-
lished to solve the problems of uncertainty in the
evaluation process.

The paper is outlined as follows. In Sect. 2, we con-
struct an evaluation index system related to the com-
prehensive experience of passengers, quality of ser-
vice supply of public transport enterprises, and su-
pervision of management departments. In Sect. 3,
we use AHP and entropy weight method for com-
bined weighting to determine the comprehensive
weight of evaluation indicators, and then based on
extension cloud model to comprehensively evaluate
the quality of public transport services. In Sect. 4,
the established comprehensive evaluation model is
applied to a city for example analysis to verify the
applicability and application value of the model. Fi-
nally, Sect. 5 concludes the paper.

2. Evaluation index system of public transit
comprehensive service quality considering
service supply and demand

To achieve high-quality public transit travel and im-

prove its attractiveness to passengers, it is first nec-

essary to establish a corresponding evaluation index
system for the comprehensive service quality of
public transit, and then further evaluate its ad-
vantages and disadvantages on this basis and deter-
mine its corresponding problems. From the specific
meaning of "quality”, as an external evaluation,
"quality" is to feel the services provided by public
transport enterprises from the perspective of passen-
ger demand and management department; "quality"
is the fundamental and characteristic of things, and
refers to the service quality provided by public
transport enterprises. According to the selection
principle of evaluation indicators, this study con-
structs an evaluation index system related to the
comprehensive experience of passengers, service
supply quality of public transport enterprises, and
supervision of management departments from the

two aspects of public transit travel service demand
and supply, as shown in Figure 1.

2.1. Passenger comprehensive experience indica-
tors
The purpose of passengers traveling by public transit
is generally commuting, shopping, tourism, and so
on. The demand for public transit travel is mainly
reflected in speed, convenience, economy, comfort,
safety, punctuality, etc.
(1) Rapidity: This refers to the rapidity of public
transit and the time consumed by passengers when
traveling by public transit. Its evaluation indexes are
the average operating speed of buses in peak hours
and average travel time consumption of passengers.
(2) Convenience: This refers to the convenience of
passengers choosing public transit, and is also the
basic requirement for service quality provided by
public transport enterprises. Its evaluation indicators
are the average transfer coefficient of passengers,
non-cash utilization rate of public transit, and shar-
ing rate of public transit motorized trips.
(3) Economy: Passengers’ perception of the fares set
by public transport enterprises, and their evaluation
indicators are passenger rates and bus card preferen-
tial policies.
(4) Comfort: This refers to the degree of comfort ex-
perienced by passengers when traveling by public
transit, and its evaluation indicators are the public
transit peak load rate, temperature and humidity in
the bus, and seat comfort.
(5) Safety: This refers to the safety degree of passen-
gers in the process of taking public transit; that is,
the perception of safety obtained by passengers by
using public transit vehicles. The evaluation indica-
tors were the public transportation liability accident
rate and safe operation interval mileage
(Staneviciuté & Grigonis, 2018).
(6) Punctuality: This refers to the punctuality of ve-
hicle arrival, and its evaluation indicators are the
punctuality rate of public transit and deviation in the
vehicle arrival time (Oztiirk, 2021).

2.2. Service supply quality indicators of public
transport enterprises

As a public welfare service enterprise, the main pur-

pose of public transport enterprises is to realize the

displacement of passengers and better meet their
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travel demand. The service quality provided by pub-
lic transport enterprises is mainly reflected in routes,
stations, vehicles, transportation services, etc.

(1) Line capacity supply: This reflects the transpor-
tation capacity of urban public transit, and its evalu-
ation indicators include the coverage rate of the bus
operation line network, bus line repetition coeffi-
cient, bus lane setting rate, and bus priority intersec-
tion ratio.

(2) Station capacity supply: This index measures the
rationality of the number of public transportation
stations and depots. Its evaluation indicators are the
coverage rate of public transport stations, bus entry
rate, vehicle pile ratio, real-time prediction rate of

bus arrival information, and the setting rate of bus
bay stops.

(3) Vehicle capacity supply: This is an indicator that
reflects whether the number of vehicles provided by
public transport enterprises can meet passenger
travel demand to the greatest extent. Its evaluation
indicators are the number of public transit vehicles
per 10,000 people, ratio of green buses, and average
age of public transit vehicles.

(4) Transportation service capacity supply: This re-
flects the size of public transit capacity, and its eval-
uation indicator is the average departure frequency
of public transit in peak hours.

’ Evaluation index system of public

transit comprehensive service quality
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Fig. 1. Index system for evaluating the comprehensive service quality of public transit considering service

supply and demand
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2.3. Supervision indicators of management de-
partment
Strengthening the supervision of public utilities by
management departments and realizing the rational
allocation of resources can ensure the sustainability
and standardization of the operation of public
transport enterprises.
(1) Sustainability: The sustainable development of
urban public transit focuses on the protection of the
urban ecological environment and the optimal utili-
zation of resources while promoting the construction
and development of transport system. The evalua-
tion indicators are public transport energy consump-
tion intensity and CO2 emission intensity.
(2) Normative: This refers to the degree of attention
that bus companies attach to the problems reflected
by passengers and the overall feelings of passengers
brought by the services provided by public transport
enterprises in terms of service attitude, route setting,
sanitary environment, infrastructure equipment, etc.
The evaluation indicators are the completion rate of
public transit complaint handling and the effective
complaint rate of public transit.

3. Evaluation model of public transport com-
prehensive service quality

After determining the evaluation index system for
public transport comprehensive service quality, the
weights of the indicators must be reasonably allo-
cated to reflect the accuracy of the evaluation results
more accurately. Considering the shortcomings of
the single weighting method, this study adopts the
AHP in the subjective weighting method and the en-
tropy weighting method in the objective weighting
method to determine the subjective and objective
weights of the evaluation indicators, respectively. In
addition, it uses the linear weighting method to opti-
mize the combination of the AHP and entropy
weight method to obtain the comprehensive weight
of the evaluation index.

3.1. Analytic hierarchy process

3.1.1. Construction of judgment matrix

The construction of the judgment matrix is the focus
of the AHP. Usually, the 9-scale method is used to
compare each element of the same layer that belongs
to each element of the previous layer to obtain the
judgment matrix Bij, where bij=1/bj;.

bi1 by blq]

b1 byz - by

Bij = |[ (1)
|

bql bqZ bqu

where bij represents the importance of the ith ele-
ment and jth element relative to a factor in the pre-
vious layer; q is the order of the judgment matrix,
that is, the number of indexes contained in each
judgment matrix.

3.1.2. Calculation of index weights

According to the obtained judgment matrix, calcu-
late the sum y; of indexes in each row of the judg-
ment matrix, and then normalize y; according to
Equations (2) - (3) to obtain the weight w; of each
evaluation index.

q
y, = Z bij, i=1,2, .,q 2
j=1
.y
w, = —2t 3
‘ Z?=1 yi

where w; represents the subjective weight of the ith
evaluation index.

3.1.3. Consistency test

When comparing multiple elements, it is difficult to
ensure complete consistency only based on people's
subjective judgments. It is necessary to test whether
the index judgment matrix is reliable through con-
sistency judgment. The consistency indexes of the
test are shown in Equations (4) - (5):

Amax
cl
- 5
CR=— 5)

where Cl is the consistency index of judgment ma-
trix; Amax iS the maximum eigenvalue of the judg-
ment matrix; RI is the average random consistency
index corresponding to the g-order matrix, and the
corresponding value can be obtained from Table 1
(Podolski et al., 2011).
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Table 1. Average random consistency index

Order g 1 2 3 4 5

6 7 8 9 10 11

RI 0.00 0.00 0.52 0.89 112

1.26 1.36 141 1.46 1.49 1.52

The random consistency ratio CR is calculated ac-
cording to Equation (5), and when CR<0.1, the judg-
ment matrix is considered to pass the consistency
test; when CR>0.1, the consistency of the judgment
matrix is considered to fail the test, and the judgment
matrix should be appropriately revised until the
judgment matrix has good consistency.

3.2. Entropy weight method

The information entropy is often used as a quantita-

tive index of the information content of a system.

The greater the information entropy, the greater the

uncertainty of the information, which can be further

used as the objective of system equation optimiza-

tion or the judgment basis for parameter selection.

(Harte & Newman, 2014). The calculation process

of the entropy weight method includes the following

three steps:

(1) Calculate the entropy value e;j of the index;

(2) Calculate the coefficient of variation h; of the in-
dex;

(3) Calculate the entropy weight w; of the index.

Among them, the entropy value e, coefficient of var-

iation hi, and entropy weight w; of ith index are cal-

culated by Equations (6)-(8):

ji
j=1
hi=1—¢ (7
W = ﬂilih. ®
i=1""

where Pji represents the rating value of the jth expert
on the ith index; v represents the number of experts;
n represents the number of evaluation indexes; w;"
represents the objective weight of the ith evaluation
index.

3.3. Determination of Comprehensive Weight

Let the weight obtained by AHP be w; (i=1, 2,..., n)
and the weight obtained by entropy weight method
be w; (i=1, 2,..., n). The comprehensive weight wi

was obtained using the linear weighting method, and
the calculation method is shown in Equation (9):

w; = aw; + bw; 9)

where w; represents the comprehensive weight of
the ith evaluation index; a represents the weighting
coefficient of the subjective weight, and b repre-
sents the weighting coefficient of the objective
weight.

To make the weight distribution result more reason-
able, this study used the difference coefficient
method to determine the values of a and b (Yao et
al., 2018). The calculation Equation is shown in

Equation (10):
n+1
T on (10)

n
_n ZZ P
= n—1\n« Y
i=1
b=1—-a
where n represents the number of evaluation indica-
tors; Pi represents the corresponding component of
the ith indicator after the subjective weight vector is
sorted from small to large.

3.4. Evaluation model of public transport com-
prehensive service quality based on exten-
sion cloud

3.4.1. Extension cloud theory

Extenics has a wide range of applications, and it can

be used to transform incompatible evaluation in-

dexes into fusion problems. In extenics, the matter-
element model R = (N, C, V) is used as the basic el-
ement to describe things. where N, C, and V repre-
sent the name, characteristics, and characteristic
value of the thing, respectively (Cigoli & Metere,
2016). In the traditional matter-element extension
model, the value of V is usually regarded as a defi-
nite value representing the measured value or limit
value of the index, ignoring the fuzziness and ran-
domness of objective things. Therefore, using the
cloud model has the advantage of dealing with the
double uncertainty of things. The normal cloud
model can be represented by three eigenvalues: ex-
pectation Ex, entropy En, and super-entropy He
(Yang et al., 2018). Expectation Ex represents the
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cloud distribution center value corresponding to the
cloud drop at a certain evaluation level, which re-
flects the classification level of the evaluation index
of public transit comprehensive service quality; en-
tropy En represents the value range of a certain eval-
uation level, reflecting the randomness of data col-
lection in the evaluation process; super-entropy He
represents the randomness of the membership de-
gree of a certain evaluation level, which reflects the
correlation between the randomness and fuzziness of
the evaluation index level. The extension cloud
model uses the normal cloud model (Ex, En, He) to
replace eigenvalue V in the matter-element exten-
sion theory to realize a mathematical description of
the randomness and fuzziness in the evaluation pro-
cess. The extension cloud model is expressed as fol-
lows:

M Cl (Exll Enll Hel)
R = CZ (EXZ' E‘r:Z' Hez) (11)

CTL (Exn: Enn' Hen)

where M represents the city to be evaluated; Ci rep-
resents the ith evaluation index of public transit
comprehensive service quality (i=1, 2, 3, ..., n); (Exi,
Eni, Hei) represents the cloud description of each
level of public transit comprehensive service quality
evaluation index Ci.

3.4.2. Calculation of characteristic parameters
The critical values of each evaluation level corre-
sponding to the evaluation index i of public transit
comprehensive service quality are Hmax and Hmin, re-
spectively. The calculation formula of parameters
Ex, En, and He is shown in Equation (12):

E, =(Hmax + Hmin)/Z
E, =(Hu —Hpin )/ 2.355 (12)
H,=1.E,

where A represents a constant determined according
to the degree of fuzziness, and its value is generally
0.1 (Wu et al., 2020).

3.4.3. Determination of cloud affiliation of exten-
sion cloud model

Consider each index value x as a cloud drop, gener-
ate a normally distributed random number with ex-
pected value En and standard deviation He, and the
number of given cloud drops is N. Finally, calculate
the cloud affiliation x between each index value x
and the normal cloud model. The calculation for-
mula is shown in Equation (13):

—(x - EX)Z}

—_— 3
25 49

-

where u represents the affiliation between index
value x and the extension cloud model, and E;, rep-
resents the random number that obeys normal distri-
bution.

According to Equation (13), the cloud affiliation be-
tween each evaluation index value and the normal
cloud model can be calculated, and a comprehensive
judgment matrix U can be obtained.

Hi1 Hi2 - Him
U= %21 #:22 #Z:m (14)

Hn1 Hn2 - Hnm

where wij represents the cloud affiliation between the
public transit comprehensive service quality evalua-
tion index Ciand the jth normal cloud model. j rep-
resents the evaluation level of the public transit com-
prehensive service quality (j=1, 2, ..., m).

3.4.4. Determination of the evaluation level of
public transport comprehensive service
quality

According to the comprehensive weight value ob-
tained above and combined with the comprehensive
judgment matrix, the comprehensive certainty Q and
comprehensive evaluation score R of the public
transport comprehensive service quality evaluation
can be calculated as follows:

Hir Haz o Him
Q = [wy wy .owy]. %21 ”:22 ”Z:m (15)
Hn1 Hn2 - Hnm

=~ (16)
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where bj represents the value of the jth component
corresponding to vector Q, fj represents the score
value of evaluation level j.

Because there is randomness in solving the affilia-
tion degree, it needs to be solved multiple times to
reduce the influence of random factors. The expec-
tation value Exr, entropy Enr, and reliability factor 6
of the comprehensive judgment score are calculated,
as shown in Equation (17):

Eyr = Zl:Ri(X) /

i=1

1
_ |t _E.T 17
Enr - \/mZ[RL(x) Exr]

i=1

where | represents the number of operations, which
is considered as 1500 in this study; R represents the
comprehensive judgment score obtained by the ith
calculation; 9 represents the dispersion degree of the
evaluation results, and its value is inversely propor-
tional to the reliability (Zhu et al., 2021).

3.5. Process for evaluating the comprehensive
service quality

This study uses the linear weighting method to com-
bine AHP and entropy weight method to compre-
hensively determine the weight of each evaluation
index, and realizes the comprehensive evaluation of
public transport service quality based on extension
cloud model. The evaluation process is shown in Fi-
gure 2.

4. Case analysis

4.1. Data sources

Based on the current data of public transit compre-
hensive service quality in a certain city, this study
makes a comprehensive evaluation. The relevant
data for each evaluation index are obtained through
the "Statistical Report of Passenger Transportation
in Cities (Counties)", "China Urban Construction
Statistical Yearbook™" and third-party survey agen-
cies using questionnaires.

4.2. Data sources

In this study, the 31 evaluation indexes of public
transit comprehensive service quality was divided
into four evaluation levels: excellent, good, average,

and poor. That is, the value of n in the above is 31,
and the value of m is 4. The score values correspond-
ing to evaluation levels 1-4 are 1, 2, 3, and 4, respec-
tively. Based on the index data of 44 typical cities in
China, according to the quartiles of boxplots in sta-
tistics, SPSS software was used to determine the
value ranges of four different levels of each evalua-
tion index, in which the upper quartile, median, and
lower quartile represent the critical values of differ-
ent levels. The division results are presented in Fi-
gure 3 and Table 2.

4.3. Evaluation index weight calculation

The subjective and objective weights of each evalu-
ation index were calculated using the AHP and en-
tropy weight method, respectively. The obtained
subjective weights were arranged in order from
small to large, and the difference coefficient method
was used to calculate the weighting coefficient of the
subjective and objective weights. The calculation re-
sults are as follows: a =0.516 and b=0.484. Finally,
the comprehensive weights of each evaluation index
were obtained using Equation (9), as shown in Ta-
ble 3.

4.4. Result analysis

According to the level of public transit comprehen-
sive service quality evaluation indicators, MATLAB
programming software was used to calculate the dig-
ital eigenvalues of the normal cloud model of each
evaluation index, and the cloud drop diagram of the
evaluation index was generated based on the exten-
sion cloud model. Because of the limited space, only
the cloud drop diagrams of the average travel time
consumption of passengers and the non-cash utiliza-
tion rate of public transit are represented here, and
the results are shown in Figure 4 and 5. After obtain-
ing the cloud drop diagrams of the urban public
transport comprehensive service quality evaluation
index, the cloud affiliation of each evaluation indi-
cator was obtained by substituting the relevant data
into Equations (13)—(14) for calculation. According
to the obtained membership matrix and index com-
prehensive weight, the comprehensive certainty of
the city's public transport comprehensive service
quality is obtained by substituting Equation (15).
According to the principle of maximum certainty,
the level with the greatest certainty is the evaluation
level of the city's public transit comprehensive ser-
vice quality. The corresponding reliability factor @'is
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calculated using Equations (16)-(17), and the results credibility factor 8 = 0.006 < 0.01 in the model indi-

are shown in Table 4. cates that the evaluation result is credible, and the
As can be observed in Table 4, the maximum value model has good applicability to the problem of com-
of the comprehensive certainty is 0.548, which indi- prehensive service quality evaluation of public
cates that the evaluation level of public transit com- transit.

prehensive service quality in the city is good, and the

Evaluation index system of
> comprehensive service |¢—
quality of public transit

}

Determine the evaluation
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service supply

Public transit travel
service demand

v

AHP to determine
subjective weight

¥
Entropy weight method
to determine objective
weight
I

Linear weighting
method to determine
comprehensive weight

Comprehensive
evaluation using
extension cloud model

Determine the
comprehensive
evaluation level

Fig. 2. Process for evaluating the comprehensive service quality of public transit
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Fig. 3. Boxplot of each evaluation index
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Table 2. Grading standard of each evaluation index

Evaluation Indicators Evaluation level

Excellent| Good Average | Poor
Average operating speed of buses in peak hours (km/h) >31 [28, 31) [25,28) | <25
Average travel time consumption of passengers (min) <25 [25, 30) [30,40) | >40
Average transfer coefficient of passengers <116 |[[1.16,1.32)] [1.32,15) | >1.5
Non-cash utilization rate of public transit (%) >80 [60, 80) [40,60) | <40
Sharing rate of public transit motorized trip (%) >22 [18, 22) [14,18) | <14
Passenger rates (%) <35 [3.5,45) | [4555) [>55
Bus card preferential policies >4 [3,4) [2,3) <2
Public transit peak load rate (%) <63 [63, 75) [75,82) | >82
Temperature and humidity in the bus >4 [3,4) [2,3) <2
Seat comfort >4 [3,4) [2,3) <2
Public transit liability accident rate (times/million km) <1 [1,1.5) [1.5,2) >2
Safe operation interval mileage (10,000 km/time) >125 [100, 125) | [65,100) | <65
Punctuality rate of public transport (%) >96 [84, 96) [52,84) | <52
Deviation amount of vehicle arrival time (min) <1 [1,3) [3,5) >5
Coverage rate of bus operation line network (%) >62 [55, 62) [49,55) | <49
Bus line repetition coefficient <12 [1.2,1.3) | [1.3,14) [>14
Bus lane setting rate (%) >20 [16, 20) [12,16) | <12
Bus priority intersection ratio (%) >22 [17, 22) [11,17) | <11
Coverage rate of public transit stations (%) >92 [83, 92) [71,83) | <71
Bus entry rate (%) >90 [75, 90) [60,75) | <60
Vehicle pile ratio <2 [2,3.5) [3.5,5) >5
Real-time prediction rate of bus arrival information (%) >94 [89, 94) [85,89) | <85
Setting rate of bus bay stops (%) >90 [75, 90) [60,75) | <60
The number of public transit vehicles per 10,000 people
(standard pIatfoFr)m per 10,000 people)p beop 215 [12, 15) [9,12) <9
Ratio of green buses (%) >90 [75, 90) [60,75) | <60
Average age of public transit vehicles (year) <3 [3,5) [5,7) >7
Average departure frequency of public transit in peak hours (vehicle / h) >12 [8,12) [6, 8) <6
Public transit energy consumption intensity (g of standard coal/person-km) <32 [32, 86) [86,137) [>137
CO, emission intensity (g/person-kilometer) <20 [20, 30) [30,40) | >40
Completion rate of public transit complaint handling (%) >97 [92, 97) [85,92) | <85
Effective complaint rate of public transit (times / million person times) <0.1 |[0.1,0.15) | [0.15,0.2) | >0.2

Table 3. Weight of each evaluation index

Evaluation indexes I, I, I3 ly Is lg I, lg
Subjective weight 0.022 0.048 0.043 0.003 0.048 0.056 0.052 0.006
Objective weight 0.009 0.047 0.002 0.037 0.049 0.006 0.033 0.026
Comprehensive weight 0.016 0.048 0.023 0.019 0.048 0.032 0.043 0.016
Evaluation indexes lg l1o I, I, I3 l14 l15 l1s
Subjective weight 0.001 0.019 0.019 0.038 0.044 0.018 0.046 0.040
Objective weight 0.040 0.037 0.052 0.042 0.027 0.042 0.006 0.053
Comprehensive weight 0.020 0.028 0.035 0.040 0.036 0.030 0.027 0.046
Evaluation indexes ly7 lig lg I20 I I [PS l2
Subjective weight 0.029 0.053 0.036 0.022 0.021 0.054 0.008 0.059
Objective weight 0.042 0.054 0.033 0.046 0.011 0.032 0.046 0.046
Comprehensive weight 0.035 0.053 0.035 0.034 0.016 0.043 0.026 0.053
Evaluation indexes Is I |P% l2s I I3 I51 -
Subjective weight 0.009 0.050 0.055 0.022 0.055 0.015 0.009 -
Objective weight 0.019 0.051 0.021 0.007 0.015 0.046 0.023 -

Comprehensive weight 0.014 0.050 0.039 0.015 0.036 0.030 0.016 -
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Table 4. Evaluation results for the comprehensive service quality of public transit in a city

Evaluation level Excellent Good Average Poor Evraelsuua};lson Credibility
Comprehensive 0.125 0.548 0.308 0.019 Good 0.006

certainty
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5. Conlusion

In this study, we introduced an evaluation index sys-
tem related to the comprehensive experience of pas-
sengers, service supply quality of public transport
enterprises, and supervision of management depart-
ments from the two aspects of public transit travel
service demand and supply to evaluate the compre-
hensive service quality of public transit. A combina-
tion of subjective and objective weighting methods
is used to comprehensively determine the index
weight. Based on the matter-element extension the-
ory and the normal cloud model, an evaluation
method for public transport comprehensive service
quality based on the extension cloud model is estab-
lished. The practicality of the model was verified
through empirical analysis, and the credibility factor
of the model was less than 0.01, indicating that the
evaluation results were credible. Public transport en-
terprises can make targeted improvement measures
based on the outstanding problems existing in the
evaluation results to enhance the attractiveness of
public transit for passenger travel. Because the value
of the parameter He in the extension cloud model es-
tablished in this study has a certain subjectivity and
limitations, research on the randomness of the com-
prehensive service quality evaluation index of pub-
lic transportation can be strengthened in subsequent
research to reduce the subjectivity of the value of the
parameter He and make evaluation result more accu-
rate.

Acknowledgement

This research was supported in part by the Chongging
Social Science Planning Project (Grant No.
2021NDYBO035); in part by the Opening Project of
Key Laboratory of operation safety technology on
transport vehicles, Ministry of Transport, PRC (Grant
No. 2020-8402).

References

[1] Lai, X., Teng, J., & Ling, L. (2020). Evaluating
Public Transportation Service in a Transit Hub
based on Passengers Energy Cost. In 2020
IEEE 23rd International Conference on Intelli-
gent Transportation Systems (ITSC), 1-7,
IEEE.

[2] Awasthi, A., Chauhan, S. S., Omrani, H., & Pa-
nahi, A. (2011). A hybrid approach based on
SERVQUAL and fuzzy TOPSIS for evaluating

transportation service quality. Computers & In-
dustrial Engineering, 61(3), 637-646. doi:
10.1016/j.cie.2021.04.019.

[3] Liou, J. J., Hsu, C. C., & Chen, Y. S. (2014).
Improving transportation service quality based
on information fusion. Transportation Re-
search Part A: Policy and Practice, 67(3), 225-
239. doi: 10.1016/j.tra.2018.07.007.

[4] Sendek-Matysiak, E., & Pyza, D. (2018). The
assigment of vehicle assesment based on multi
criteria decision making. Archives of Trans-
port, 48(4), 77-85. doi:
10.5604/01.3001.0012.8367.

[5] Moslem, S., Alkharabsheh, A., Ismael, K., &
Duleba, S. (2020). An integrated decision sup-
port model for evaluating public transport qual-
ity. Applied Sciences, 10(12), 41-54. doi:
10.3390/app10124158.

[6] Sercan KESTEN, A., & Selcuk Ogiit, K.
(2014). A new passenger oriented performance
measurement framework for public rail trans-
portation systems. Promet-Traffic&Transpor-
tation, 26(4), 299-311. doi:
10.7307/ptt.v26i4.1314.

[71 Morton, C., Caulfield, B., & Anable, J. (2016).
Customer perceptions of quality of service in
public transport: Evidence for bus transit in
Scotland. Case Studies on Transport Policy,
4(3), 199-207. doi: 10.1016/j.cstp.2016.03.002.

[8] Stojic, D., Ciric, Z., Sedlak, O., & Marcikic
Horvat, A. (2020). Students’ views on public
transport: satisfaction and emission. Sustaina-
bility, 12(20), 84-98. doi: 10.3390/s5u12208470.

[9] Rajsman, M., & Skorput, P. (2022). Methodo-
logical approach for evaluation and improve-
ment of quality transport service in public road
passenger transport. Tehnicki vjesnik, 29(1),
139-148. doi: 10.17559/TV-20201031104641.

[10] Moslem, S., & Celikbilek, Y. (2020). An inte-
grated grey AHP-MOORA model for amelio-
rating public transport service quality. Euro-
pean Transport Research Review, 12(1), 1-13.

[11] Soza-Parra, J., Raveau, S., Mufioz, J. C., &
Cats, O. (2019). The underlying effect of public
transport reliability on users’ satisfaction.
Transportation Research Part A: Policy and
Practice, 12(6), 83-93. doi:
10.1016/j.tra.2019.06.004.

[12] Sam, E. F., Hamidu, O., & Daniels, S. (2018).
SERVQUAL analysis of public bus transport


https://doi.org/10.1016/j.cie.2021.04.019
https://doi.org/10.1016/j.cie.2021.04.019
https://doi.org/10.1016/j.tra.2018.07.007
http://dx.doi.org/10.5604/01.3001.0012.8367
https://doi.org/10.3390/app10124158
https://doi.org/10.3390/app10124158
https://doi.org/10.7307/ptt.v26i4.1314
https://doi.org/10.7307/ptt.v26i4.1314
https://doi.org/10.1016/j.cstp.2016.03.002
https://doi.org/10.3390/su12208470
https://doi.org/10.17559/TV-20201031104641
https://doi.org/10.1016/j.tra.2019.06.004
https://doi.org/10.1016/j.tra.2019.06.004

Hu, X., Chen, X., Zhao, J., Yu, K., Long, B., Dai, G.,
Archives of Transport, 61(1), 103-115, 2022

115

services in Kumasi metropolis, Ghana: Core
user perspectives. Case studies on transport
policy, 6(1), 25-31. doi:
10.1016/j.cstp.2017.12.004.

[13] Chocholac, J., Sommerauerova, D., Hyrslova,
J., Kucera, T., Hruska, R., & Machalik, S.
(2020). Service quality of the urban public
transport companies and sustainable city logis-
tics. Open Engineering, 10(1), 86-97. doi:
10.1515/eng-2020-0010.

[14] Noor, H. M., & Foo, J. (2014). Determinants of
customer satisfaction of service quality: City
bus service in Kota Kinabalu, Malaysia. Proce-
dia-Social and Behavioral Sciences, 15(3),
595-605. doi: 10.1016/j.sbspro.2019.10.092.

[15] Rajsman, M., & Skorput, P. (2022). Methodo-
logical approach for evaluation and improve-
ment of quality transport service in public road
passenger transport. Tehnicki vjesnik, 29(1),
139-148. doi: 10.17559/TV-20201031104641.

[16] Kisilowski, M., & Styputkowski, K. (2021).
Thermal imaging for the operator's comfort as-
sessment in the aspect of the COVID-19 pan-
demic. Archives of Transport, 59(3), 149-163.
doi: 10.5604/01.3001.0015.3275.

[17] Deng, H., & Qing, J. (2020). Comprehensive
Evaluation of Urban Bus Satisfaction Based on
Service Level Survey. Journal of Chongging
University of Technology (Natural Science),
34(5): 226-232. doi: 10.3969/j.issn.1674-8425
(2).2020.05.029.

[18] Staneviciute, 1., & Grigonis, V. (2018). Analy-
sis and Evaluation of Public Transport Safety
in Vilnius. In Conference Vision Zero for Sus-
tainable Road Safety in Baltic Sea Region (pp.
140-145). Springer, Cham. doi: 10.1007/978-3-
030-22375-5_16.

[19] Oztiirk, F. (2021). A Hybrid Type-2 Fuzzy Per-
formance Evaluation Model for Public
Transport Services. Arabian Journal for Sci-
ence and Engineering, 46(10), 10261-10279.
doi: 10.1007/s13369-021-05687-4.

[20] Podolski, P., Rohatynski, K., & Wnukowska,
B. (2011). AHP method in process of choice
vendor of energy. PRZEGLAD ELEKTRO-
TECHNICZNY, 87(11), 68-71.

[21] Harte, J., & Newman, E. A. (2014). Maximum
information entropy: a foundation for ecologi-
cal theory. Trends in ecology & evolution,
29(7), 384-389. doi:
10.1016/j.tree.2014.04.009.

[22] Yao, X, Liu, J., & Zhang, Y. (2018). Level of
Service Evaluation of Urban Commuter Travel
Mode. Journal of Transportation Systems En-
gineering and Information, 11(5), 97-103. doi:
10.3969/j.issn.1009-6744.2011.z1.015.

[23] Cigoli, A. S., & Metere, G. (2016). Extension
theory and the calculus of butterflies. Journal
of Algebra, 45(8), 87-119. doi: 10.1016/j.jalge-
bra.2016.03.015.

[24] Yang, Y., Liu, R., Chen, Y., Li, T., & Tang, Y.
(2018). Normal cloud model-based algorithm
for multi-attribute trusted cloud service selec-
tion. |IEEE Access, 6, 37644-37652. doi:
10.1109/ACCESS.2018.2850050.

[25] Wu, H. W., Zhen, J., & Zhang, J. (2020). Urban
rail transit operation safety evaluation based on
an improved CRITIC method and cloud model.
Journal of Rail Transport Planning & Manage-
ment, 16(4), 100-114. doi:
10.1016/j.jrtpm.2020.100206.

[26]Zhu, X., Yao, L., & Ye, L. (2021). Evaluation
of Competitiveness of Highway Hub Cities Car-
rier Based on ANP and Extension Cloud Model.
Highway, 66(10): 235-242.


https://doi.org/10.1016/j.cstp.2017.12.004
https://doi.org/10.1016/j.cstp.2017.12.004
https://doi.org/10.1515/eng-2020-0010
https://doi.org/10.1515/eng-2020-0010
https://doi.org/10.1016/j.sbspro.2019.10.092
https://doi.org/10.17559/TV-20201031104641
https://doi.org/10.5604/01.3001.0015.3275
https://doi.org/10.3969/j.issn.1674-8425(z).2020.05.029
https://doi.org/10.3969/j.issn.1674-8425(z).2020.05.029
https://doi.org/10.1007/978-3-030-22375-5_16
https://doi.org/10.1007/978-3-030-22375-5_16
https://doi.org/10.1016/j.tree.2014.04.009
https://doi.org/10.1016/j.tree.2014.04.009
https://doi.org/10.3969/j.issn.1009-6744.2011.z1.015
https://doi.org/10.3969/j.issn.1009-6744.2011.z1.015
https://doi.org/10.1016/j.jalgebra.2016.03.015
https://doi.org/10.1016/j.jalgebra.2016.03.015
https://doi.org/10.1109/ACCESS.2018.2850050
https://doi.org/10.1109/ACCESS.2018.2850050
https://doi.org/10.1016/j.jrtpm.2020.100206
https://doi.org/10.1016/j.jrtpm.2020.100206

