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Abstract: The sustainable development of urban transport is the key to sustainable urban devel-
opment. This study analyses and identifies the evaluation indicators affecting Macau’s transport,
and analyses the relationship between the relevant evaluation indicators and passenger satisfaction,
thus contributing to the improvement and the sustainable development of Macau’s public transport
services. This study uses a questionnaire to collect data. Based on the current situation of Macau’s
social groups, the mainland students in Macau who were selected as the target group are significantly
different from residents and tourists in Macau; their needs and perceptions of public transport are
more intense. This group’s needs and perceptions of public transport are significantly different from
those of residents and tourists. The set indicators of satisfaction with public transport in Macau reflect
them. After analyzing and determining the evaluation indicators, structural equation modeling was
applied to establish the structural models of Macau’s three public transport services. Finally, the
shortcomings of the three public transport services were reflected through the standardized coefficient
weights and passenger satisfaction. The study results show that the seating arrangement and smooth-
ness of travel of Macau’s public transport services need to be improved, and the dial-a-ride service’s
price setting and waiting time need to be improved. The price setting, convenience of hailing, and
payment method of the taxi service need to be improved. In contrast, overall, the satisfaction level of
the dial-a-ride service is significantly higher than that of the taxi service. Therefore, the findings of
the study have important policy implications for relevant policymakers, who should not only focus
on optimizing daily operations but, more importantly, on improving the shortcomings mentioned
above, which are of great value in enhancing the passengers’ perception of public transport in Macau
and are also crucial to achieving the sustainable development of public transport in Macau.

Keywords: public transport; sustainability; Macau; satisfaction; structural equations

1. Introduction

With the rising pressure for further studies in the mainland and the increasing popular-
ity of Macau institutions, the number of mainland students studying in Macau continues to
expand. According to relevant data, the number of mainland students studying in Macau
in 2020 rose by 15.61% compared to 2019 and 24.23% compared to 2018. The number of
mainland students studying in Macau is gradually increasing, and mainland students
are becoming an increasingly significant group in Macau [1]. Macau has many unique
features for student life compared to other countries or regions. Due to the close connection
between Guangdong and Macau, mainland students in Macau can choose to live in Zhuhai
or Macau, but, in either case, taking public transport within Macau is bound to be the first
choice for mainland students. Moreover, the long time spent studying in Macau also gives
the international student community a deep understanding of public transport in Macau.
Compared to tourists or Macau residents, mainland students are more concerned about the
route setting, price, comfort, and safety of public transport in Macau, and their evaluation
is somewhat representative. Public transport is a critical factor in achieving sustainable
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development in cities and metropolitan areas and is one of the most critical indicators for
achieving sustainable urban development [2].

This paper takes Macau mainland students as the research object, and, based on a
thorough study of domestic and international references, it establishes a satisfaction index
model of public transport, including public transport, taxis, and Macau dial-a-ride, based
on the satisfaction index model of Macau mainland students. It further determines the
latent and explicit variables of the model by combining domestic and international studies
on public transport satisfaction, and at the same time carries out a structural equation
model based on the satisfaction evaluation model of international students, which was
established through the hierarchical analysis of the structural equation model. Following
this, the satisfaction of public transport passengers was evaluated, and the final satisfaction
evaluation results were obtained. The satisfaction level of international students in Macau
reflects the quality of public transport services in the city. The evaluation of these students’
satisfaction level helps to identify this group’s needs and satisfaction level in terms of
public transport services and to identify the shortcomings of public transport in Macau.
This will help improve the quality of public transport services and strengthen Macau’s
reputation and core competitiveness as a world-renowned metropolis.

2. Theoretical Background and Research Hypothesis
2.1. Public Transport Satisfaction

The theoretical core of the design of the public transport satisfaction model can be
traced back to the American theory of the customer satisfaction model. The level of
customer expectations of the product, the effect of the customer’s perception after the expe-
rience, and the degree of effort put in by the customer to obtain the product are the three
leading indicators that affect customer satisfaction [3]. Customer satisfaction is described by
the relationship between customers’ idealized perceptions of services or goods in the early
stages and their real feelings in the later stages [4,5]. Since then, scholars have constructed
the Swedish Customer Satisfaction Model (SCSB) [6], the American Customer Satisfaction
Model (ACSI) [7], the European Customer Satisfaction Model (ESCI) [8], the Norwegian
Customer Satisfaction Model (NCSB) [9], the Brazilian Customer Satisfaction Model [10],
the Chinese Customer Satisfaction Model [11], et al. However, the available content is
similar. For example, the American Customer Satisfaction Model is based on the Swedish
Customer Satisfaction Model and consists of six latent and fourteen explicit variables,
other cause variables (customer expectations, perceived value, and perceived quality),
and outcome variables (customer complaints, customer loyalty). The European Customer
Satisfaction Model is based on the American Customer Satisfaction Model, adding the
latent variable (corporate image) and removing the latent variable (customer complaints)
from the American Customer Satisfaction Model. In contrast, the cause variables consist of
corporate image, customer expectations, hardware quality, software quality, and perceived
quality, and the outcome variables only retain customer loyalty. The Chinese Customer
Satisfaction Model, initially spearheaded by Tsinghua University, consists of six latent
variables (corporate image, expected quality, perceived quality, perceived value, customer
satisfaction, and customer loyalty). The Chinese Customer Satisfaction Model is charac-
terized by its abstraction and simplicity; however, there are still limitations in explaining
Chinese customer satisfaction.

2.2. Types of Public Transport Available in Macau

The four existing modes of public transport in Macau are buses, radio taxis, taxis, and
light rail. The first three are the most frequently used; the LRT has only one line in Macau,
so its accessibility is low. The average daily number of passengers carried is only 4750
(February 2023), which is much lower than the average daily number of passengers carried
by buses (450,000) and taxis (30,000) [12,13]; therefore, this article does not discuss the LRT.

Public transport in Macau is mainly operated by the Macau New Welfare Bus Company
and the Macau Bus Company Limited, with 955 buses operating 85 bus routes and 434 bus
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stops. The distribution varies from region to region, with bus stops being relatively densely
distributed on the Macau Peninsula, relatively evenly distributed in Taipa, and more
sparsely distributed in Coloane, which is related to Macau’s urban construction planning
and population distribution. The bus fare in Macau is MOP 6, and the concessionary fare
is MOP 3. Students enjoy a concessionary price of MOP 1.5 to MOP 2, which is one of
the reasons why more students choose to take public transport to and from their schools
and residences. There are two types of taxis in Macau: regular taxis and radio taxis. The
difference between the two is the method of calling a taxi, which, for radio taxis, can be done
using mobile devices such as mobile phones, while regular taxis still use the traditional
“stop and go” method. Secondly, the vehicles used to operate the two types of taxis are also
different, with the radio taxis using more spacious commercial vehicles and the ordinary
taxis being compact cars. The fares for both types of taxis are the same, divided into the
regular fare and the surcharge, with MOP 19 for 1600 m, MOP 2 for each 240 m extension,
and MOP 3 for each piece of luggage [14]. Therefore, the advantages and disadvantages
of public transport, radio taxis, and taxis (as shown in Table 1) are different, and different
travel purposes and travel distances will affect the choice of travel modes of the riders.
Therefore, reasonably optimizing the operation of different public transport travel modes,
so that the three can develop in a better and more coordinated manner, is crucial for the
sustainable development of public transport in Macau.

Table 1. Comparison of the advantages and disadvantages of public transport in Macau.

Advantages and
Disadvantages

Public Transport
Options

BUS Radio TAXI Regular Taxis

Advantages

1. Discounted fares
2. Reliable operation
3. Easy access to

operational
information

1. Easy to call the
vehicle

2. Comfortable
ride

3. Smooth travel
4. High

accessibility
5. Convenient

payment
methods

1. Smooth travel
2. High

accessibility
3. Comfortable

ride

Disadvantages

1. Unstable travel
2. Crowded
3. Weak accessibility
4. Long waiting time

for trains

1. High cost
2. Not suitable for

single travelers

1. Inconvenient to
call the vehicle

2. Uncomfortable
payment
method

3. High cost

2.3. Satisfaction Factors
2.3.1. Comfort of Public Transport

Comfort is the most intuitive feeling when traveling on public transport, and the
comfort level can directly affect the passenger experience [15]. A direct relationship exists
between comfort and overall travel satisfaction [16]. Studies on the comfort of public
transport have found that men and women have polarized perceptions of comfort, with men
tending to show more negative emotions than women [17]. Women are more comfortable
with comfort [18,19]. Of course, not all available studies have shown gender differences in
comfort [20,21]. Taken together, this paper argues that it is necessary to use gender as a
differentiating factor for respondents to reduce the interference of gender differences in
satisfaction with the ride.
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2.3.2. Safety of Public Transport

Safety is one of the most critical issues affecting public transport satisfaction and is
essential to passengers [20,22]. It has been found that only 10% of people choose to take
public transport when they feel unsafe [23], and people’s perception of the safety of public
transport directly influences their choice of public transport [24]. Public transport safety is
a more significant concern than crime on public transport, and can reduce the likelihood of
traffic accidents to a certain extent [25,26]. The smoothness of public transport operations
is an essential factor in passenger satisfaction.

2.3.3. Price of Public Transport

Price is another critical factor influencing passengers’ choice of public transport [15,27].
In modern urban developments, parking has become a problem for most people [28].
However, the development of public transport has reduced the need for private cars and
greatly facilitated people’s travel. Nevertheless, the price factor influences people’s choice
of public transport, as the prices of different public transport modes are different. For
example, there is a considerable difference between the price of a bus and a taxi. Therefore,
people choose between different modes of public transport for different purposes and
travel distances, and price is an important consideration.

2.3.4. Other Factors of Public Transport

In addition to the three factors of comfort, safety, and price mentioned above, studies
have found that service frequency [29,30], congestion [31], accessibility [32], punctual-
ity [33], and waiting time [34] all have a certain degree of influence on public transport
satisfaction. Therefore, the factors affecting public transport satisfaction are connected,
and any deficiency in any of them will harm passengers’ perceptions. Improving systemic
service quality is the key to achieving sustainable development of public transport.

2.4. Research Hypotheses

This paper aims to explore ways to achieve sustainable public transport development
and facilitate the realization of Macau’s long-term plan to become a world tourism center.
Therefore, we need to explore what factors are critical to public transport satisfaction in
Macau and how they should be improved in the future. According to existing studies,
factors such as comfort, safety (smoothness of travel), and price are essential factors that
influence the sustainable development of public transport in the city.

In Macau, the three main types of public transport are buses, taxis, and radio taxis.
According to existing research, the choice of transport affects people’s satisfaction with the
city [35], so we distinguish between different modes of transport and propose different
hypotheses. It is hypothesized that the safety of Macau’s public transport (smoothness of
travel) is a significant factor affecting passenger satisfaction. The smoothness of Macau’s
public transport will increase passenger satisfaction with Macau’s public transport. On the
contrary, the unevenness of Macau’s public transport will significantly affect passenger
satisfaction. Similarly, the smoothness of Macau’s taxis and radio taxis will also affect
passenger satisfaction. Therefore, it is hypothesized that (H1): the smoothness of public
transport in Macau has a negative impact on passenger satisfaction. Macau’s taxis and radio
taxis operate similarly to each other, but, as previously described, the payment method of
Macau’s taxis is single and only allows payment in MOP, which to some extent affects the
choice and feelings of passengers. This leads to hypothesis (H2): the payment method of
Macau’s taxis negatively influences passenger satisfaction. In addition, there is a significant
difference between the hailing method of Macau’s taxis and radio taxis, with radio taxis
being more straightforward to take than regular taxis. Therefore, the hailing method is an
essential factor influencing passenger satisfaction with radio taxis. Hence, hypothesis (H3):
the hailing method of Macau’s radio taxis positively affects passenger satisfaction.
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3. Model and Indicator Determination
3.1. Determination of the Public Transport Satisfaction Model

The public transport satisfaction model evolved from the customer satisfaction model,
which refers to the satisfaction or dissatisfaction effect formed after using a product or
enjoying a product service, concerning the after-use feeling of a product [3,4]. The most
complete and systematic customer satisfaction index model is the American Customer
Satisfaction Index (ACSI) [7], which consists of six components: customer expectations;
perceived quality; perceived value; customer complaints; customer loyalty; and customer
satisfaction. The model’s structural relationship is shown in Figure 1.
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The model consists of two parts: latent variables and explicit variables. The latent
variables refer to variables that cannot be directly observed and need to be described with
the help of some subtle measurement indicators. In contrast, specific evaluation indicators
are called explicit variables. The correlation between different factors can be analyzed
by analyzing the complex relationships between latent variables, and between latent and
explicit variables.

3.2. Determination of Public Transport Satisfaction Indicators

By summarizing existing research on the key aspects of public transport services,
it was found that passengers consider travel speed, punctuality, price, and safety to be
critical factors influencing passenger satisfaction with public transport [36]. Furthermore,
passengers’ satisfaction with public transport changed significantly over time [19]. Riders
who use public transport more frequently are more satisfied overall. Among the factors that
define public transport satisfaction, access to information about public transport operations
is related to how quickly and easily passengers can find their way from their origin to their
destination and find a satisfactory route that meets their preferences based on the travel
time required [37]. Good public transport tips can improve passenger satisfaction [38].
In addition, passenger satisfaction is influenced by the level of hygiene and crowding on
the bus [31,39]. In this study, we designed a system of 12 indicators for evaluating public
transport satisfaction, including route setting.

In contrast to the 12 indicators used to evaluate public transport, crowding, transfer
time, frequency, and route setting do not apply to taxis and radio taxis. The development
of taxi apps has contributed to passenger satisfaction [40,41]. Comfort and smoothness of
the journey are also significant factors affecting taxi passenger satisfaction [42]. In addition,
communication with the driver was considered a separate indicator, given the significant
difference between the Cantonese-speaking habits of Macau and the Mandarin-speaking
habits of students from mainland China. As mentioned above, there is a difference in the
hailing of taxis between radio taxis and regular taxis, so two separate indicators are set for
the ease of hailing and the waiting time. Therefore, six indicators are included for each of
the two types of taxis: communication and smoothness. All indicators are shown in Table 2.
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Table 2. Variables of the public transport satisfaction indicator system.

Display Variables Variable Identification Latent Variable

Bus operation information B1

Public Transport Satisfaction

Bus arrival alert device B2
Bus interchange B3

Bus interchange times B4
Bus route setting B5

Bus Schedule B6
Bus Hygiene B7

Bus Air Conditioning Temperature B8
Bus Seat Setting B9

The smoothness of the bus ride B10
Safety tips on the bus B11
Bus crowding level B12

Communication with Dial-a-Ride
Drivers D1

Radio taxi Satisfaction
Dial-a-Ride Pricing D2

Waiting time D3
Comfort in the taxi D4

The smoothness of the ride D5
Payment methods D6

Communication with taxi drivers T1

Taxi Satisfaction

Taxi Prices T2
Taxi Hailing T3

Comfort in the taxi T4
The smoothness of the taxi ride T5

Payment methods T6

4. Questionnaire Design and Analysis
4.1. Questionnaire Design

All the information used in this study comes from field research. Based on the reference
to existing literature journals and excellent master’s theses related to satisfaction with urban
public transport, we designed our own “Questionnaire on Satisfaction of Macau Mainland
Students with Public Transport in Macau”.

As mentioned earlier, there are differences between male and female students in
their satisfaction ratings of the same means of transport, with females demanding more
comfort [18,19]. Significant differences in passengers’ satisfaction with public transport
can also occur over time. It has also been shown that established travel habits impact an
individual’s choice of public transport [17]. Therefore, the first part of the questionnaire
contains essential personal characteristics, including gender, school, education, current
residence, and length of time in Macau.

The second part of the questionnaire is the indicator evaluation system of public
transport satisfaction in Macau, as described above. The satisfaction of public transport
includes twelve satisfaction evaluation indicators, such as route setting, in-vehicle hygiene,
smoothness of travel, and air-conditioning temperature. In comparison, taxi and radio
taxi satisfaction both include six satisfaction evaluation indicators, including: driver-rider
communication, waiting time, price setting, and in-vehicle comfort.

The questionnaire describes each specific evaluation indicator by using a 5-point Likert
scale, with satisfaction described by a series of options from 1 to 5, where 1 corresponds to
“extremely dissatisfied”, 2 to “less satisfied”, 3 to “average”, 4 to “more satisfied” and 5 to
“very satisfied”, with five self-selection options [43].
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4.2. Questionnaire Reliability Check
4.2.1. Reliability Testing

The reliability of a questionnaire is a tool to test the consistency and stability of the
results obtained from a questionnaire composed of a variable number of questions [44],
including both intrinsic and extrinsic reliability tests. The Cronbach’s alpha coefficient
of the questionnaire was measured by SPSS.26 software to be 0.895. A Cronbach’s alpha
coefficient above 0.8 puts the questionnaire in a high-reliability category. Therefore, the
reliability test of this questionnaire is satisfactory.

4.2.2. Validity Test

The validity of the questionnaire refers to the degree of agreement between the data
obtained from the questionnaire and the actual questions [45], which is usually tested
by factor analysis, usually by the KMO test and Bartlett’s spherical test, to verify the
correlation between the relevant factors, where KMO test values greater than 0.7 are
generally considered to be more suitable for extracting information, and those greater than
0.8 are considered to be very suitable for extracting information. A Bartlett’s spherical test
value less than or equal to 0.01 is considered suitable for extracting information [46]. The
correlation test was conducted by SPSS.26 with a KMO value of 0.886 and Bartlett’s p value
of 0.000. According to the test results, the validity of the questionnaire is excellent and
suitable for factor analysis.

4.3. Questionnaire Sampling and Implementation

To ensure the reliability of the data, the target population of the survey on satisfaction
with public transport in Macau should be one of the main groups of urban public transport
patronage. According to the Macau Education and Youth Development Bureau data, there
are 44,000 higher education students in Macau. Before the official distribution of the
questionnaire, a pre-survey was conducted among a group of mainland students at the
City University of Macau. According to the problems and shortcomings identified in the
pre-survey, the questionnaire was modified to form the official questionnaire.

The survey was conducted by dividing the proportions first and then randomly sam-
pling, Different proportions were first divided according to the number of students enrolled
in each university: the University of Macau accounted for 30%; the Macau University of
Science and Technology accounted for 36%; the City University of Macau accounted for
18%; the Polytechnic University of Macau accounted for 12%; and the Macau Institute
of Tourism accounted for 5%. A random sample was then taken at the different schools
according to the divided proportions, and this took the form of a questionnaire distributed
randomly on campus. As the voluntary nature of the respondents will affect the authen-
ticity of the survey results [47], we adopted the principle of voluntary participation of the
respondents. A total of 330 questionnaires were distributed, and 328 were returned. After
sorting and excluding uncomplete questionnaires, 324 valid questionnaires were obtained,
with an effective rate of 98.8%.

After the questionnaires were returned and collated, the survey data were analyzed
statistically and through structural equation modeling using SPSS 26.0 and AMOS 21.0.
Structural equation modeling is an essential and comprehensive statistical research method
in the social sciences, referred to as SEM. An SEM consists of two major parts: a mea-
surement model, which represents the covariate effects of observed and latent variables,
and a structural model, which is the causal relationship between each latent variable. A
significant advantage of SEMs is that they can handle both directly observed variables and
constructs that are not easily observed. The SEM has the notable advantage of dealing
with both directly observed variables and constructing latent variables that are not easily
observed, thus further analyzing the complex relationships between observed and latent
variables, and between each latent variable.
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4.4. Survey Respondent Analysis

The demographic characteristics of the survey respondents reflect the primary con-
ditions and characteristics of the survey respondents [48]. A total of 324 international
students from the mainland of Macau were selected for the survey on satisfaction with
public transport in Macau. The specific demographic characteristics are shown in Table 3.
Table 3 shows that, in terms of schools, the sample size of the University of Macau and
the Macau University of Science and Technology is significantly larger than that of other
higher education institutions in Macau. The distribution of the sample size of the five
higher education institutions is roughly in line with the pre-determined proportion of the
number of people randomly sampled from each higher education institution in Macau.
Regarding current residence, the proportion of those living in Macau is significantly higher
than that in Hengqin, Zhuhai, and Gongbei, Zhuhai, which is mainly related to the fact
that mainland students choose to live in school dormitories and rent apartments in Macau.

Table 3. Demographic characteristics of survey respondents.

Demographic Characteristics Sample Size (pcs) Percentage (%)

Gender Male 134 41.3
Female 190 58.6

University

University of Macau 96 29.6
City University of Macau 55 16.9

Macau University of Science and Technology 117 36.1
Macau Institute of Tourism Studies 20 6.1

Macau Polytechnic University 36 11.1

Education
Undergraduate 91 28

Masters 192 59.2
PhD 41 12.6

Residence

Gongbei, Zhuhai 45 13.8
Hengqin, Zhuhai 62 19.1

Macau 197 60.8
Other 20 6.1

Length
X < 1 135 41.6

1 ≤ X < 2 91 28
2 ≤ X < 4 61 18.8

X ≥ 4 37 11.4

5. Empirical Analysis of Public Transport Satisfaction Based on Structural Equations
5.1. Structural Equation Model

In this paper, the SEM is used to conduct factor analysis and to determine the weights
of evaluation indicators. The structural equation usually consists of two parts: the mea-
surement model, which explains the interrelationship between the latent variables, and the
structural model, which explains the interrelationship between the latent variables and the
specific explicit variables.

Structural equation model:
η = Bη + Eξ + δ (1)

Measurement equation model:

y = λy + εy (2)

x = λx + εx (3)

In the equation: η is the model endogenous latent variable; ξ is the model exogenous
latent variable; B is the path coefficient of the endogenous latent variable, describing
the correlation between the endogenous latent variables; E is the path coefficient of the
exogenous latent variable, describing the influence of the exogenous latent variable on the
endogenous latent variable; and δ is the residual. y is the endogenous latent variable, also
an observation of the η variable, x is the exogenous latent variable, also an observation of
the ξ of the observations, and ε is the model residual.
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5.2. Structural Modeling of Public Transport Satisfaction

This paper uses hierarchical analysis structural models to analyze bus satisfaction,
telecall satisfaction, and taxi satisfaction, respectively, and uses maximum likelihood esti-
mation to carry out parameter estimation, which is the most widely used in applications,
for each structural model, and the estimation results are likewise more accurate [49]. The
final standardized path coefficients were derived from the estimation.

5.2.1. Development of the Satisfaction Structure Model

Based on the final determination of the dominant and latent variables of the public
transport satisfaction index model, the public transport satisfaction model1, the dial-a-ride
satisfaction model2, and the taxi satisfaction model3 were established, respectively, and the
models are shown in Figure 2, where e is the residual term of the model.
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5.2.2. Model Goodness-of-Fit Test

The model chi-square value test is a standard indicator for structural equation model
evaluation [50,51], but the test sample influences the chi-square value. As the sample size
increases, the chi-square value increases accordingly, so it is easier to reject the original
hypothesis. Three hundred twenty-four cases were obtained from this questionnaire
research, which is not suitable for the chi-square test, so the chi-square degrees of freedom
DF, absolute fit index P [52], CMIN\DF, comparative fit index CFI, root mean square error
of approximation RMSEA, and goodness of fit index GFI were used to test the fitness of the
model. The specific fitting effects of the three models are shown in Table 4.

Table 4. Model fit test results.

Suitability
Indicators

Actual Value
Evaluation Criteria

Public Transport Radio Taxi Taxi

CMIN/DF 2.116 1.779 2.637 Less than 3

RMSEA 0.059 0.049 0.071 Less than 0.1 acceptable, less
than 0.08 good fit

CFI 0.900 0.950 0.907 Greater than 0.8 acceptable,
better than 0.9 fit

GFI 0.912 0.962 0.945 More than 0.8 acceptable,
better than 0.9 fit

IFI 0.902 0.951 0.909 More than 0.8 acceptable,
better than 0.9 fit

According to the results of the goodness-of-fit tests, all three models met the model fit
reference standard, and the model fit was good.

5.3. Analysis of Public Transport Satisfaction Indicators

Based on the above structural model, the maximum likelihood estimation method was
used for parameter estimation and the standardized path coefficients are shown in Figure 3.

Based on the standardized path coefficients of the three models, the weights of each in-
dicator were summarized using the normalization method in Figure 4. From the evaluation
indicator weights, the three main dominant factors affecting bus satisfaction are bus seating
arrangement, smoothness of travel and in-vehicle safety tips, with weights of 0.73, 0.69 and
0.68, respectively. The most significant of the three is seating arrangement, while the second,
by mean satisfaction score, is smoothness of travel. The fact that smoothness of travel is the
second factor influencing bus satisfaction is only partially consistent with our hypothesis
1. Still, it reflects the negative impact of smoothness of travel on passenger satisfaction.
This result relates to the structural model, which is set up to incorporate potential factors
that are not easily detected, thus developing imperceptible intrinsic relationships between
the explicit and latent variables. In addition to the first two most influential elements
in the relationship, the bus arrival alert device is the third most influential factor in bus
satisfaction. In the reality of bus operation, the arrival alert devices are set in unreasonable
locations and have poorly set lights and sounds. Among all the significant variables, bus
operation information is the least weighted factor, with a weight of only 0.39, which is close
to one half of the weight of the most weighted, seat setting. Therefore, it can be suggested
that in terms of access to bus operation information, the service of the Macau Bus Company
is relatively perfect.

An analysis of the standardized coefficient weights for electric calls and taxis shows
that the highest coefficient for electric calls is for communication with the driver, and the
lowest is for car comfort. The highest and lowest weighting coefficients for taxis correspond
to the ease of hailing and communication with the driver. This indicates that, given the same
set of questions, the service provided by radio taxis is better and more satisfactory than
that provided by taxis. The highest standardized coefficient for taxis is the convenience of
hailing a taxi, mainly because Macau’s taxis are primarily hailed by “hailing and stopping”.
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Hence, the standardized coefficient is the highest compared to the online hailing service by
mobile phones and other communication tools, which aligns with our hypothesis 3. This
is in line with our hypothesis 2. The weighting coefficients of payment methods for taxis
are also higher than those for radio taxis, at 0.66 and 0.73, respectively, mainly because the
formal payment methods for taxis in Macau are currently limited to cash and MOP, which
is still a shortcoming of the service compared to the automatic exchange rate conversion of
RMB for radio taxis. The most significant difference between the weighting coefficients of
radio taxis and taxis is in the in-vehicle comfort, with a difference of 0.2, which is related to
the different models of taxis and radio taxis operating in Macau.
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5.4. Passenger Satisfaction Score Analysis

Based on the standardized coefficient weights and the satisfaction scores of each
indicator, the final passenger satisfaction score is derived as follows.

Passenger satisfaction = Σ (mean value of measured indicator scores/weight of
standardized coefficients)

The satisfaction scores of public transport, dial-a-ride, and taxis are calculated ac-
cording to the formula, as shown in Table 5. The satisfaction score of the taxi service is
significantly higher than that of other items, and the improvement points mainly lie in the
price and waiting time of the taxi service.

Table 5. Passenger satisfaction scores.

Tertiary Indicators Passenger
Satisfaction Tertiary Indicators Passenger

Satisfaction

Bus operation information 10.69 Communication with Radio taxi
Drivers 6.25

Bus arrival alert device 6.94 Radio taxi Pricing 5.21 ***
Bus interchange 7.48 Waiting time 5.27 ***

Bus interchange times 7.32 Comfort in the taxi 9.35
Bus route setting 6.60 The smoothness of the ride 7.24

Bus schedule 7.08 Payment methods 6.44
Bus Hygiene 6.65 Communication with taxi drivers 7.80

Bus air conditioning temperature 5.55 Taxi Prices 4.54 ***
Bus seat setting 4.84 *** Taxi Hailing 4.43 ***

The smoothness of the bus ride 3.59 *** Comfort in the taxi 5.46
Safety tips on the bus 5.51 The smoothness of the taxi ride 5.81
Bus crowding level 7.57 Payment methods 3.56 ***

Note: *** indicates low passenger satisfaction.

6. Discussion and Limitations
6.1. Discussion

This study examines the satisfaction of three modes of public transport in Macau,
namely public transport, taxis, and taxis, through a questionnaire survey conducted
among international students in Macau and analyses the strengths and weaknesses of
the respective modes.

Based on the dimensions of comfort, safety, price, punctuality, etc., the study identifies
the evaluation dimensions of each of the three modes of public transport according to
their characteristics, such as the high seating density of public transport in Macau. The
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study found that safety (including smoothness and in-vehicle safety tips) is an essential
factor affecting passenger satisfaction, which is more evident in the case of public transport
passengers, and no significant difference was found in the comparison between radio taxis
and taxis, which is consistent with existing studies [26,53]. This may be because, unlike in
other regions, Macau’s bus drivers drive vehicles in a small area with narrow and winding
streets. Improving driving speed is the only way for Macau’s bus drivers to ensure that
they arrive at their stops on time. In addition, we found that comfort (including interior
hygiene and seat settings) was also a critical factor in passenger satisfaction, again in line
with other studies [54], although some have suggested significant differences between
males and females in satisfaction surveys [55], which were not evident in this study. In
addition to this, the importance of online information, comfort, and price, which has been
suggested to be more critical to students, was confirmed in this study [56].

The study found differences in satisfaction between Macau radio taxis and taxis,
but the differences are insignificant. The main areas of difference were in the mode of
hailing and payment, with the price factor being the least significant part of the differ-
ence. This finding aligns with existing studies that have identified online information
dissemination as an essential factor influencing passenger satisfaction in modern transport
development [57,58]. The hailing and single payment methods of Macau’s taxis mean they
have generally lower passenger satisfaction than radio taxis. This is an area where Macau’s
taxis need to improve in the future.

6.2. Limitations

Although this study provides insights into the sustainable development of public trans-
port through the analysis of satisfaction with public transport in Macau, it has limitations,
and future research should be further analyzed. Firstly, our study was a cross-sectional data
study, and therefore needed to note changes in the temporal dimension and deficiencies
in the analysis of individual differences. It could not reflect the relationship between the
frequency of rides and satisfaction. Although a random sample and a voluntary survey
were used to try to avoid errors in the results due to differences in the identity and psy-
chology of the respondents, it cannot be ignored that there is a proportion of passengers
who use public transport less frequently who were not included in this survey. Therefore,
we encourage future research to expand the range of respondents and to change how
the questionnaire is administered so that it covers every public transport passenger to a
greater extent.

Secondly, although each institution of higher education was sampled according to
a ratio divided by the number of students enrolled, the sample size of our questionnaire
was small, which may have affected the accuracy of the findings. Students are indeed
faithful users of public transport, as many cannot drive themselves. If they exist, they
are only a small percentage subject to Macau’s traffic regulations. However, the student
population generally has a low level of consumption. It is often limited in its choice of
public transport, so future research could expand the range of respondents to include, for
example, commuters and tourists. This would enable our research to be more convincing
and to draw general conclusions about public transport in Macau.

7. Conclusions and Policy Implications
7.1. Conclusions

Passenger satisfaction, as an evaluation indicator of the level of urban public transport
services, significantly impacts the scientific and accurate evaluation of the city to improve
the relevant public transport services. In this paper, based on the ACSI customer satis-
faction model, the evaluation index system of public transport satisfaction in Macau was
established by summarizing the factors affecting customer satisfaction based on existing
studies. Based on the evaluation indicators, a questionnaire on public transport satisfaction
in Macau was designed, and the reliability and validity of the questionnaire were tested
by SPSS.26. The test results indicated that the reliability and validity of the questionnaire
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were good. Secondly, using structural equation modelling, the corresponding structural
equation models were constructed for public transport, radio taxi, and taxi, and the fit of the
models was tested using AMOS 26 software. Based on the hierarchical structural equation
models, the standardized path coefficients of each significant variable were obtained, and
the factors that significantly influence each mode of transport were analyzed. Finally, the
satisfaction scores of forms of public transport in Macau were obtained through a linear
weighting method.

The results of the study are generally in line with the hypothesis that the shortcomings
of Macau’s bus services are mainly in the areas of seating configuration and smoothness
of travel, with passenger satisfaction scores for these two items being significantly lower
than the others, mainly due to the characteristics of the city and the preferences of the
bus companies. The shortcomings of Macau’s radio taxi service are price and waiting
time, which are related to the operating characteristics of Macau’s dial-a-ride vehicles.
Exceptionally few choose to take orders while in motion. The shortcomings of taxi services
are mainly in price, hailing, and payment methods, with payment methods being the lowest
satisfaction score, which is related to the limitations of the payment methods of Macau’s
taxis. Overall satisfaction with Macau’s radio taxi service is significantly higher than
satisfaction with Macau’s taxi service. The study’s findings ultimately provide targeted
measures for improving public transport services in Macau and provide a theoretical basis
for improving public transport satisfaction.

7.2. Policy Implications

To promote the sustainable development of public transport in Macau, the following
measures can be taken. Firstly, set up bus seats in a reasonable manner, appropriately
reduce the setting of seats in vehicles, increase the spacing between seats, improve the
orientation of seats, and demonstrate through research the comfort of seats towards the rear
of vehicles and the reasonableness of their setting. Secondly, improve bus drivers’ service
level and effectively improve bus operation’s smoothness. By setting up bus vehicle speed
monitoring devices to reduce the speed of bus operation, improve the overall smoothness
of operation, and increase the bus frequency to make up for the empty windows caused by
the slowdown of bus speed. Once again, adjust the price setting of telecalls and taxis, and
lower the starting price of telecalls and taxis utilizing public feedback, further enhancing
the competitive advantage of telecalls and taxis in terms of hours.

Improve the construction of the electric call information platform and broaden the
scale of radio taxi operations. The problem of difficult hailing and long waiting times
exists in the operation of the radio taxi. By further improving the construction of the
relevant platform for order allocation, customer waiting will be reduced and satisfaction
with the radio taxi service will be enhanced. Improve how taxis are paid by incorporating
automatic exchange rate settlement methods. The limitations of taxi payment methods are
a significant constraint on the competitiveness of taxis. The inability to use RMB settlement
or RMB equivalent exchange rate settlement makes the satisfaction level of taxi services
relatively low.
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