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Abstract: Transport service provision in many urban areas is dominated by car users, resulting
in several traffic externality issues (e.g., noise, pollution, accidents). This paper investigates the
perception and satisfaction of private vehicle (PV) users, including micro-mobility users, during
their commute by car in an Eastern European country context. The study used empirical data from a
sample of 500 commuters in Budapest, Hungary, between October and November 2020. To achieve
a deeper understanding of the motivation and explore the perception of PV users towards using
sustainable transport services. For analysis in this study, descriptive statistics and segmentation
techniques were applied. The key findings indicate that PV users can be attracted to using sustainable
transport by designing the travel service quality to provide the level of service desired by customers.
Moreover, the majority (73%) of PV commuters were satisfied or very satisfied with the quality
attributes of the car service, assessed on a scale of 1 to 5; at the same time, PV users agreed that
using public transport helps towards improving the environment and serves to reduce problems
derived from traffic. In addition, various elements influence transport choice; for example, results
from ordered logit models (OLMs) indicate that security, relaxation, flexibility and comfort are the
main significant attributes influencing PV users’ overall satisfaction with cars. The results suggest
the necessity for a segmentation technique in the analysis of travel attitudes and satisfaction aimed at
reducing the frequency of existing car use to enhance sustainable transportation.

Keywords: private vehicle users; service quality; heterogeneity analysis; travel satisfaction;
public transport

1. Introduction

With the increase in traffic problems in metropolitan areas, such as traffic accidents [1],
congestion and pollution [2], considering how to shift private car users to using sustain-
able transport has become increasingly important [3], along with increasing the existing
sustainable transport service [4]. However, in numerous large cities, many investments
are being made in public transport (PT) to make it more attractive, especially for private
vehicle (PV) users [5]. In general, sustainable transportation can be addressed in three main
areas: (i) decreasing travel demand and PV usage, (ii) helping to shift to sustainable modes
through the improvement of PT and integrating transport planning, and (iii) restricting PV
users by introducing rules such as parking constraints [6] and congestion charges [7,8].

A worthwhile alternative to private vehicles is public transportation, which tends to
be more sustainable [9,10], or a private electric vehicle (EV), which is helpful for improving
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the environment and reducing fossil fuels [11]. However, previous research revealed that
public transport is not always acceptable for enthusiastic private car users [12].

According to Mann and Abraham [13], the majority of people are more interested
in using a private car than public transportation; in addition to this, another study [14]
found that most private drivers enjoy the car and feel that it offers more privacy than PT.
Moreover, it has been stated that a private car is more flexible and more comfortable than a
PT [12,15]. On the one hand, Redman et al. [16] acknowledge, after reviewing 74 papers
related to PT service quality, that car users are attracted to PT if the service is reliable
and sufficiently frequent. Additionally, in an experiment where around 1000 car users
received a free one-month travel ticket, the study found that, as expected, the cost has an
essential influence on users changing their travel mode from PV to PT [17]. The results
of an interesting survey on the willingness of PV users to switch to PT suggested that
increases in the cost of travel by private vehicle have a greater influence than providing
sufficient speed of PT service [18].

Shifts in choice of transport mode may be affected by various factors, including
individual perceptions, socioeconomic status, psychological and cultural values, and even
lifestyle [12,16]. A recent paper [19] concluded that the frequency of using private cars
and PV consumption is substantially related to different interrelated aspects, for instance,
perceived car values [20,21]. Therefore, it is recommended for the policymaker to either
consider the aim of PV ownership or examine the impact of behavior on shifting attitudes.
Additionally, using a private vehicle is associated with their lifestyle and quality of life
and increases the potential revenue by providing more opportunities to find jobs [22].
Furthermore, researchers highlighted that gender and car ownership were the most crucial
elements contributing to preferred private car usage [23].

Likewise, recently emerging transport modes, for instance, autonomous vehicles
and electric vehicles, must be considered by transport providers and researchers [11,24].
Moreover, due to the advancement of information and technology, there are wide-ranging
opportunities to enhance energy efficiency and reduce climate change risks, such as pro-
viding autonomous vehicles (AVs) [25]. Another innovative transport mode suitable for
short-distance travel in urban areas is micro-mobility (commonly single-person vehicles for
instance, bicycles and scooters), which has been considered as a sustainable alternative to
replace the conventional private car [26,27]. Micro-mobility systems are quickly evolving
and promise to contribute to a more sustainable transportation system [28].

Several studies have measured the influence of different socioeconomic and environ-
mental factors on mode choice, for example, research by Jing et al. [23]. However, studies
considering the attitude of travelers, including their satisfaction, remain limited [29]. Trans-
port planners have used different models and approaches to investigate market segmenta-
tion and heterogeneity analysis [30]. The ordered logit model (OLM) is used in this study
as a promising technique [3,31].

To achieve more sustainable urban mobility, transport operators and decision-makers
need to be careful when implementing travel services [32]. Further research is necessary
to examine the response to demand for sustainable travel development [33], which will
help to reduce the gap between the current service levels and levels required to encourage
users toward sustainable modes [34]. In the literature regarding sustainable transportation
measurement, there have been many studies addressing the measurement of PT systems
from the passenger’s point of view and other research focusing on different stakeholder
groups [35]. Some recent studies have considered the PV user’s opinion [3,30].

In bridging the identified literature gap, understanding the opinion of PV users
regarding PT service quality is essential to improving specific service quality attributes
(SQAs) and achieving the goal of sustainability. This agrees with the suggestion that more
consideration should be paid to PV users’ perceptions in the evaluation of PT service [3].
Nonetheless, there are fewer studies in the literature analyzing PT service quality from the
perspective of private vehicle users [30,36].
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Consequently, an empirical examination of the relationship between the perception of
service quality and user satisfaction is essential in the field of transportation [37]. This study
contributes to the practical investigation regarding the satisfaction of PV users, intending
to encourage a shift towards using sustainable transport. It uses actual data to estimate
models of PV users for different socioeconomic and mobility characteristics segments and
PV users’ perceptions of the PT system.

Based on Hungarian statistics, the number of road vehicles in the country at the end
of the year 2020 included 3,920,799 passenger cars, contributing to an increase in traffic
congestion particularly in the capital city of Budapest [38], notwithstanding Budapest
has a good public transportation system [39]. This brings another motivation to conduct
this research. In summary, perceived service quality has a substantial influence on the
satisfaction of users [29] and, in addition to this, user satisfaction leads to loyalty and
behavior intention to the PT service with reduced service complaints.

Against this background, although there are important studies on the motivation of
private car users, no effort has been made to examine the impact of various private vehicle
users on the perception of private car and PT service quality attributes. Therefore, the
objectives of this study are as follows:

i Provide the most comprehensive customer service quality assessment of the private
car and public transport based on a quantitative survey and up-to-date literature
review in an Eastern European country.

ii. Categorize whether there are any differences in service quality perception among
the different segments and how this perception affects their overall satisfaction.
iii. To the best of our knowledge, this study will be the first research that considers

PV users’ opinions regarding car service quality and PT systems simultaneously
using new segmentation technique. The remainder of this paper is structured as
follows. Section 2 provides a brief overview of the survey design and the sample
descriptive statistics, and then presents an overview of analysis tools. Results
are presented in Section 3 including the descriptive analysis and an estimate of
15 models following this, discusses the model estimation results where we provide a
comparative assessment of the differences in satisfaction found in the segmentation
analysis. Finally, some conclusions are drawn in the last section.

2. Materials and Methods
2.1. Survey Design and Sample Description

This paper aims to analyze how PV users perceived the quality of the private car
service and the PT service in Budapest. These respondents are recognized as those who
use a motorized vehicle (i.e., cars, motorcycles or scooters) on their daily trips and those
who have knowledge about the PT provided service. The survey was collected through an
online and printed questionnaire in the Budapest urban area during October and November
2020. The questionnaire contains several sections with questions regarding: the satisfaction
of PV users with the use of the car and mode choice; perceptions of PT service; the overall
satisfaction with PVs and the PT transport system; and sociodemographic and mobility
characteristics. Figure 1 describes the sample of 500 respondents that contributed to the
survey. Survey results show that the majority of the participating PV users are male (55%)
and live in the city center (59%). It can be seen that 31% of participants are 25 to 44 years
old, and 38.8% are between 45 and 64 years old, with 60.4% having a university degree.
Predictably, the majority of PV users are employed (56.4%) followed by self-employed
(16%), and most earn a net income of 2700 EUR/month or less (75.6%). Regarding travel
characteristics, both habitual and occasional PT users are at similar rates (50.6% and 49.4%,
respectively). In terms of autonomy in the mobility of family members, 66% of PV users
have no dependent members in their family and use their car to drive mainly by themselves.
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| use it as a passenger ~——— 174
I have to share it with other drivers ~Se—————= 16.6

| use it as a driver I —— 71

With dependent members in the family =——————— 314

No dependent members in the famlly .. 66

Occasional user EEEEEE—— 49.4
Habitual user e —— 50.6

More than 2700€/month Se———— 19.0
2700€/m0nth or IeSS - ____________________________________________________________________________________| 756

Household tasks ™ 2.2
Retired/Pensioner == 8.9
Student Se—— 148
Unemployed = 1.4
Employee | 564
Self-employeq ———— 16.0

With university degree . 60.4
Without university degree I 39 6

65+ Wemm—— ]5.0
Female I —— 4.8
Male e 55 7
Metropolitan area e 41.0
C|ty center s 59 0

0 10 20 30 40 50 60 70 80

Figure 1. The sample description and characteristics of the survey.

2.2. Analysis Tolls

This paper analyses the perception of quality that regular PV (i.e., car, motorcycle,
or scooter) users have about private cars and PT simultaneously in an Eastern European
context. This study tries to fill the previous research gap in understanding PV users’
motivations that could encourage mode change [40-43]. Before the primary investigation,
a descriptive statistical analysis was conducted to overview the perception of PV users
regarding car and PT services. Then, to achieve a comprehensive analysis and deal with the
heterogeneity in perceptions, 15 models were developed for the entire sample and 14 user
segments for private car service quality. This study can explore the heterogeneity analysis
in travelers’ evaluations of PT and personal car service by applying market segmentation
methods [41]. Hence, market segmentation studies suggest disaggregating data into
segments, defined as a data mining technique, which can then be used to identify groups
of respondents who have similar characteristics [42].

In this study, a promising model [3], the ordered logit model (OLM) was used because
the nature of the data and the dependent variable is ordinal in this case and performing
a simple regression result is biased for the outcomes [31]. To compare different OLMs in
this study, the results of the estimated coefficients (B) and the significant values (p-value)
shown for each quality-of-service attribute were significant at the 95% confidence level. The
dependent variable is one item (overall satisfaction), and the eight independent variables
are those car service attributes utilized for the calculation. The ordered logit model shows
in Equation (1) as follows: Defining y* as a latent variable, the structural model is:

y*i=B-xi+ei 1)

where i is the observation and ¢ is a random error. In this case, y*i is the dependent variable
(satisfaction); xi is the set of independent variables for individual i (quality of service
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perceptions); 3 are the parameter estimates to be calculated; and «i is the error term [40].
All statistical analysis was performed using STATA /MP-15.

3. Results and Discussion
3.1. Descriptive Statistics Analysis

Figure 2 shows that the PV users perceived a higher average satisfaction score for
flexibility and comfort, followed by reliability (4.29, 4.26 and 4.05, respectively). Moreover,
the results indicate that the PV users’ satisfaction with car service is overall satisfactory.
However, good value for money has a lower mean score. Figure 3a presents the overall
satisfaction of PV users with the car, and Figure 3b with PT service on a 5-point Likert
scale (1: highly dissatisfied, to 5: highly satisfied). It can be seen that 73% of PV users are
satisfied or highly satisfied with the car service during their commute by car, while 64% of
PV users are satisfied or highly satisfied based on overall satisfaction with the PT system.
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Figure 2. The mean and standard deviation of car service quality attributes.

Highly dissatisfied Dissatisfied Highly dissatisfied Dissatisfied
H Neutral W Satisfied m Neutral W Satisfied
B Highly satisfied M Highly satisfied
(a) (b)

Figure 3. The overall satisfaction of PV users with car service (a) and with PT service (b) on
1-5 Likert scale.
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Additionally, the respondents who at least have knowledge of PT were asked to
respond to eight statements adopted from [43] to evaluate the PT system, as follows: To
what extent do you agree with the following statements? Using a 5-point Likert scale (1.
completely disagree, 5. completely agree).

Q1. Public transport is only for citizens with low income.

Q2. Public transport gives me the freedom to move around the area easily.

Q3. Although it is an effort for me to use public transport, I am rewarded because I save
time and money.

Q4. I feel that using public transport is in line with my lifestyle.

Q5. When using public transport, I am helping towards improving the environment.

Q6. I feel that by traveling on public transport I am helping to reduce problems derived
from traffic (in other words, traffic jams, noise, pollution, etc.).

Q7. The people that are most important to me recommend that I use public transport.
Q8. I think that by using public transport I can improve the way that relatives and friends
judge me.

Figure 4 shows that the majority of PV users agreed that using the PT service is good for
improving the environment and reducing traffic externalities (e.g., noise, accidents, traffic
congestion) 65.64% and 68.86%, respectively. However, many respondents, approximately
34% of PV users neither agree nor disagree to save time and money by using PT. Moreover,
39% with Likert 1-2 of PV users’ consensus is that the PT system is not appropriate for their
lifestyle.

Qs NS 2681002044 1385 @40
Q7 NBONONNNN @0 2452 . 2065 24.52 L1032
Qc @8l 574 2049 34.84 L3402
Q> W& 947 2037 34.36 L3128
Q4 NGO @@ 2323 . 2646 23.43 ..9.90
Q3 EEEM 227 3354 25.77 982 |
Q2 EeM 193 334 30.44 L1927 |
Q1 I 058 A 724 B
0% 10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

B Completely disagree M Disagree M Niether agreed nor disagree i Agree B Completely agree

Figure 4. The PV users’ opinions regarding PT service on a 1-5 Likert scale.

3.2. General Model and Market Segment Results

Transport operators and policymakers need to understand how private PV users
perceive quality and identify what is important to them. This could be utilized to attract
potential users towards the sustainable transport in Eastern European country. For this
purpose, segmentation analysis enabled a depth of insight into the experience of private
vehicle users regarding car service quality and their motivation for private car use. Table 1
illustrates the estimated result coefficient and p-value for each service quality attribute of
the car that was significant at a 95% confidence level. Looking at the results, safe with
regard to robbery (security) and relaxing were the most significant impacts on almost all
models. Flexibility had the next place of significance (12 models), followed by comfortability
(11 models). Safe with regard to accidents (safety) had no significant influence on any
segment, and good value for money (cost) was the second-least significant attribute, being
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significant for only 2 models. This was followed by the fast variable, being significant for
3 models. Reliability was found to be not significant for 4 models. Table 1 demonstrates the
comparison for the following segments:

e  City center vs. urban area: reliability, comfort, flexibility, security and relaxation are
important attributes for both segments. However, PV users consider the speed of their
travel (fast) significant, while it is not significant for the urban area segment.

e Male vs. female: interestingly, flexibility, security and relaxation are the important
attributes for females, whereas the majority of attributes are significant for males.

e  From 18 to 44 years old vs. older than 44 years old: Reliable, safe with regard to robbery
and violence (security) and relaxing are significant attributes for both. However, safe
with regard to accidents (safety) and speed (fast) are not important for both segments.

e  Habitual PT user’s occasional PT users: for occasional PT users, only two attributes
are important (fast and relaxing), while five attributes are important for those who use
PT more than four times a week.

e  With university education vs. without a university degree: surprisingly, for both
segments, three attributes are not important (fast, cost and safe regarding accidents).

e  With dependent family members without dependent members in the family: similar to
the previous segment, cost and safety are not significant for both. Fast is not significant
only for those with no dependent family members, while reliable is not significant for
those with dependent family members.

e Low income vs. high income: Safe with regard to robbery (safety) and relaxing are
significant attributes for both high-income and low-income users, while the other
important attributes for low-income users are comfortable, flexible and reliable.

Based on the results displayed in Table 1, the adjusted R2 (pseudo) values ranging
from 0.315 to 0.470 can be taken to indicate a good model fit for customer satisfaction data.
Moreover, the log-likelihood ratio test reveals that for all 15 models, including general and
all segmentations, the proposed models are better for customer satisfaction data than the
intercept-only models.

To attract PV users towards using sustainable transport such as PT and emerging
transport modes. It is vital for transport planners, policymakers and transport providers to
enhance their grasp of the perception of PV users and identify the priority service attributes
that have a more significant influence on their level of overall satisfaction. It could be
beneficial for making plans to attract these potential users. Both descriptive and market
segmentation analysis were carried out in this study. They have shown how to understand
the motivation of the PV users and identify the most significant attributes for particular
segments and discover the similarities and differences between them.

Overall, this research has determined that safety concerning robbery and relaxation
had an enormous impact on almost all models, similar to the previous work [14], which
identified that security in the vehicle and stations is important for PV users.

Interestingly, findings show that the safety factor regarding accidents is insignificant
and good value for money is significant for only one or two segments. Several factors,
for example, reliability and safety regarding accidents, play important roles in selecting a
specific transport mode [44].

A market segmentation technique was selected for this study, which is very useful
for analyzing and identifying the relevant attributes for a specific segment, as well as
for making comparisons among the segments, for example, the gender group (i.e., male
vs. female). Furthermore, using segmentation analysis leads to higher heterogeneity for
different socioeconomic and travel characteristics.
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Table 1. The results of ordered logit models for several segments of socio-demographic and travel characteristics.
Variable Reliable Fast Cost Flexible Comfortable  Safe Security Relaxing  No. Obs (N)  Log-LlZero  Log-Ll Final Pseudo R2
B! 0.595 0.135 0.134 0.505 0.593 0.073 0.607 0.961
All Model P>zl 2 0.000 ns. 3 ns. 0.000 0.000 ns. 0.000 0.000 469 602.528 384.255 0362
. B 0579 0371  —0.009 0.514 0.433 0.151 0.483 0.779
City Center P>zl 0.001 0.032 ns. 0.007 0.015 ns. 0.007 0.000 268 —353.672 —228.360 0.354
B 0.700 0245 0355 0517 0.919 ~0.014 0.762 1.297
Urban Area P> Izl 0.001 ns. 0.028 0.024 0.000 ns. 0.000 0.000 201 —246.492 —145724 0.409
B 0.790 0314  —0.046 0.057 —0.209 0.293 0218 0.024
Male P> Izl 0.000 ns. 0.032 0.007 0.000 ns. 0.003 0.000 263 —338.616 —205.211 0.394
B 0.296 0.231 0.054 0.555 0.363 0.085 0.686 1212
Female P> Izl ns. ns. ns. 0.010 ns. ns. 0.000 0.000 206 —263.660 —172.530 0.346
B 0.610 0.227 0.155 0.966 0341 0.164 0.403 1.071
18-44 Years P> Izl 0.002 ns. ns. 0.000 ns. ns. 0.031 0.000 208 —268.961 —165.499 0.385
B 0.566 0.075 0.091 0.000 1.001 ~0.003 0.932 0.939
245 Years P> Izl 0.002 ns. ns. ns. 0.000 ns. 0.000 0.000 261 —333.197 —207.555 0377
. B 0.660 0.017 0.167 0.527 0.532 0.042 0.692 0.951
Habitual User P> Izl 0.000 ns. ns. 0.000 0.001 ns. 0.000 0.000 402 —500.731 —326.379 0.348
) B 0.297 0.920 0.038 0.326 0.822 0.214 0.269 1276
Occasional User P> Izl ns. 0.027 s, ns. ns. ns. ns. 0.002 67 —92.422 —48.955 0.470
. L B 0.726 0.199 0.098 0.602 0.727 0.155 0.494 0.904
without University Degree P> lzl 0.001 ns. s, 0.008 0.004 ns. 0.028 0.000 190 —238.486 —146.581 0.385
) . B 0.509 0.093 0.139 0.474 0.527 0.029 0.677 1.008
with University Degree P> Izl 0.003 ns. ns. 0.018 0.003 ns. 0.000 0.000 279 —361.593 —233.466 0.354
B 0.882 0078 0250 0.487 0.658 0.207 0.530 1.092
no Dependent Members P> Izl 0 ns. ns. 0.004 0.000 ns. 0.001 0.000 309 —403.820 —239.345 0.407
. B 0.178 0.538 0.098 0.625 0.573 ~0.197 0.751 0.808
with Dependent Members P> lzl ns. 0.022 . 0.026 0.018 1. 0.002 0.000 160 —194.886 —133.433 0.315
B 0.566 0.060 0.167 0.417 0.561 0.118 0.491 0.985
<2700 EUR/Month P>zl 0.000 ns. ns. 0.006 0.000 ns. 0.001 0.000 356 —461.751 —302.352 0.345
B 0.767 0.869 0.001 0.853 0.762 ~0.240 1235 1.165

1 B = parameter estimate or coefficient for each variable. 2 P > |z| = p-value significant at a 95% confidence level. 3 ns. = nan significant value.
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A previous study pointed out that several PT service quality attributes significantly
affect PV users’ general satisfaction [3,30]. This study has found that PV users are satisfied
overall with the PT service, in line with previous research that found PV users judged less
negatively about the PT system [12]. Hence, there may be intentions among PV users to
use PT more regularly. In addition, another study found that public transport supply and
car ownership are important predictors of using a car [45].

In contrast, in a previous study, most PV users agreed or very much disagreed that
the PT system is not suitable for their lifestyle [12]. Therefore, transport provider should
make more efforts to ensure PT can compete with private cars. In addition, due to mobility
changes, it may become essential to introduce an emergency new service, such as mobility
as a service for vehicles [46]. Moreover, enhance the adoption of commercial private electric
vehicles (EVs) which is currently less than that of conventional private cars [47].

Without a doubt, the results of this study have some limitations. First, segmentation
analysis was based on the PV users’ perceptions of car service. Future studies should
consider the other PT service quality perceptions for segmentation analysis. The specific
results should not be generalized without additional study because of the differences in the
context and attitudes of different people. In addition, this technique should be used for
sustainable private vehicles (emerging transport modes) to analyze perceptions associated
with them. We also acknowledge that PV users’ opinions were considered in this research,
including micro-mobility users. Further research should separate private car and micro-
mobility users’ perceptions and satisfaction. Finally, this study found that PV users may
intend to use PT, so future research should consider behavioral intentions of PV users
concerning PT service quality attributes.

4. Conclusions

From the transport planning point of view, decision-makers and transport operators
need to understand how to reduce PV usage and attract users towards using sustainable
transport (e.g., public transport). Several effective measures should be considered, such as
accommodating congestion pricing, removing free parking and providing enhancements
in service quality as desired by passengers. Therefore, it is vital to thoroughly understand
how PV users perceive the quality of private car service during their commute. In addition,
it is important to identify which attributes are the most significant for satisfying PV users.
This research aimed to contribute to the existing knowledge about how PV users perceive
car service and PT service in Budapest. In this study, regular-PV-user satisfaction was
analyzed using a 500-participant sample size. Additionally, determining the main elements
influencing the overall satisfaction was aimed at making suggestions for policymakers.

The key findings show that 73% of PV users are satisfied or highly satisfied with the
car service during their commute by car, based on overall satisfaction. In comparison,
64% of PV users are satisfied or highly satisfied with the PT system in the urban area
of Budapest city. On the other hand, the majority of PV users agreed that using the PT
service is good for the environment and reduces traffic externalities (e.g., noise, accidents
and traffic congestion). Second from the heterogeneity analysis, this study found that,
more specifically, relaxing was the only attribute that was known to be important in all
the models. However, being safe with regard to robbery and violence was significant for
14 models. Thus, to attract PV users to use PT, the service providers need to introduce high
security and relaxation in the PT vehicles during customer travel as an alternative to the
private car. Conversely, the good value for money and fast attributes were significant in
many models, and the safety regarding accidents attribute was not important in any of
the models.

Predictably, this shows that the PT system is safer than a personal vehicle from an
accident point of view. This study would be beneficial for sustainable transport providers
to properly determine the priority attributes for PV users from a different point of view to
avoid wasting money and valuable resources.
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Finally, future studies should use the segmentation technique to analyze PT users’
opinions regarding the PT system and consider emerging transport modes (i.e., autonomous
vehicles and electric vehicles) and other travel attitude concepts, such as behavioral inten-
tion, acceptance and prediction.
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