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Abstract

Shared E-scooter (SE) travel is a low-carbon transportation method that can be further
enhanced by integrating with metro systems. This study aims to quantify the impact of the
built environment, attitude preferences, weather perception, and other factors on the evalua-
tion and intention to use the "SE-metro transfer" travel mode, as well as how to efficiently
and concisely measure and model these effects. Empirical analysis was conducted using
questionnaire data from Changsha, China, with 683 participants surveyed. Three satisfac-
tion models were established and compared based on the Technology Acceptance Model
(TAM), and an optimal M2 model was expanded to incorporate users’ subjective perceptions
of weather, proposing a method to simplify questionnaire length. The study found that well-
designed vehicles and infrastructure, along with necessary supporting facilities, play impor-
tant roles in enhancing SE usage. However, there are still many areas for optimization in
Changsha’s SE policies. Despite the advantages of SE in terrain and physical fitness, which
have significantly expanded and changed their user base compared to traditional shared
bicycles, there is still much potential to adapt to the middle-aged and older user groups. The
results of this study can provide valuable insights for professionals and government officials
in designing systems, constructing infrastructure, and formulating policies.

1 Introduction

In the field of transportation, which accounts for a quarter of global greenhouse gas emissions
[1], China has formulated the "Dual Carbon" strategy to encourage the use of low-carbon
transportation modes. Metro transit is a low-carbon transportation mode with large capacity,
high speed, and exclusive right of way. However, the lack of station density limits people’s
choice of metro transit for travel. With the rise of shared bicycles, the service radius of metro
stations has been effectively expanded [2], making it a crucial issue to promote the integration
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of shared bicycles with metro transit effectively. In mountainous and hilly cities in southern
China, such as Changsha in this case study, shared e-scooters (SE) have largely replaced shared
bicycles due to their advantages in speed, physical effort, hill climbing, and travel distance [3].
Research has shown that more than 40% of respondents are willing to adopt the "SE + metro
transit" as their daily travel mode [4], indicating the enormous potential of this travel mode.

However, people’s evaluations of this mode of transportation vary, various factors may
cause this disparity. Existing literature has largely clarified the common factors influencing
bike-sharing transfers to metro transit, including urban topography, weather and environ-
ment, infrastructure, service quality, demographic and socioeconomic characteristics, cogni-
tion and experience, as well as social norms (see Section 2.1 for details). However, the
following issues still warrant discussion:(1) Since 2019, SE as a mode of transportation has
gained attention, but the amount of research on it remains limited. Despite the many similari-
ties between bike-sharing and SE, the differences in influencing factors and their impact direc-
tions necessitate a re-examination of these research findings. For instance, SE is larger and
faster in speed, which may lead to higher expectations for riding infrastructure [5, 6]. Addi-
tionally, considerations such as fitness and the range of connectivity might cause changes in
user groups and scenarios [7]. Therefore, can the research conclusions on bike-sharing be
applied to SE? (2) There are many factors influencing shared e-scooters transferring to the
metro (hereafter referred to as SE-metro transfer mode). However, survey questionnaires are
constrained by participant acceptance and survey costs. How can we simplify the question-
naire to obtain an appropriate measurement scale? (3) The existing literature usually adopts
the Theory of Planned Behavior (TPB) to analyze travel behavior, but it usually describes ratio-
nal and mature travel decisions. When a new transportation mode is still in the promotion
period and associated with another transportation mode, there is a sense of unknown to the
public. Shared E-scooters System (hereafter referred to as SES) should consider its acceptabil-
ity first. Is there a more appropriate theory? (4) Well-considered models are theoretically com-
pelling but are often overly complex, leading to poor utility and statistical issues. Moreover,
maintaining a certain amount of expansion flexibility to the model is often needed to suit the
inclusion of different people’s other concerns. What modeling concepts make more sense? (5)
Weather factors are crucial for riding, and previous literature has conducted quantitative anal-
yses on aspects such as precipitation, temperature, and air quality. However, despite the tech-
nical feasibility, more literature has yet to explore this from the subjective perspective of
cyclists. In reality, people’s experiences and decisions differ under the same climatic parame-
ters; unless it’s extreme weather, people’s travel decisions in various weather conditions are
often vague, making them suitable for subjective judgment.

This study primarily focuses on the influence mechanisms of the built environment, travel
context, personal social attributes, and weather tolerance on the intention and attitude prefer-
ences towards using the "Shared E-scooters + metro" travel mode. We aim to efficiently sim-
plify the assessment model’s structure to provide references for professionals designing travel
systems, policymakers, and government officials involved in infrastructure development.
Firstly, we established a model to evaluate the satisfaction and loyalty towards the SE-metro
transfer mode based on the Technology Acceptance Model (TAM), considering the extensibil-
ity and adaptability of application scenarios. We compared various alternatives from the per-
spectives of simplicity and goodness of fit. Secondly, we developed a survey scale to assess the
intention of choosing SE for transfers, based on well-established research literature and scales,
and proposed methods to simplify the questionnaire. Subsequently, we innovatively added the
variable of subjective weather perception to comprehensively expand the model with the opti-
mal fit among the alternatives, ultimately proposing a simplified version of the SE transfer
choice model, M4.To achieve this, we conducted a questionnaire survey with 683 participants

PLOS ONE | https://doi.org/10.1371/journal.pone.0309953  September 9, 2024 2/25


https://doi.org/10.1371/journal.pone.0309953

PLOS ONE

Factors related to the intention of choosing shared E-scooters for metro transfer

from Changsha, China. Since this study is based on data from a single city, the conclusions
should be cautiously generalized to other cities.

The structure of this paper is as follows. Section 2 reviews the research literature, including
various factors influencing the use of bike-sharing or SE, as well as basic modeling theories
and statistical methods. Section 3 introduces the SE in Changsha, China (hereafter referred to
as CSSE), which is the case study of this paper. Section 4 describes the survey data using
descriptive statistics. It determines a simplified version of the questionnaire for the SE-metro
transfer mode through the calculation of the TAM conceptual model. Additionally, comparing
the discriminant validity results of the TPB model validates the applicability and value of TAM
as the research method in this paper. Subsequently, in Section 5, a new indicator of weather
tolerance is added. The significant advantages of the expanded model are evaluated from the
perspective of fit and explanation. Sections 6 and 7 discuss the influence mechanisms of vari-
ous sample groups and different psychological variables. Finally, relying on the research con-
clusions, suggestions and measures for subsequent research and policy practice are
summarized.

2 Literature review

This section presents the main findings of the research on shared cycle services. The first sub-
section focuses on the factors that influence the choice of riding trips, and the second subsec-
tion focuses on the theory and methodology of the quantitative study.

2.1 Factors influencing the choice of riding trips

When travelers make travel choices, there are significant differences in individual attributes
and preferences, travel environment and other factors are also influenced. Reviewing the rele-
vant literature on travel mode choice, we have organized the research results of various influ-
encing factors into the following five categories: (1) Individual socio-economic attributes, (2)
Travel background, (3) Built environment, (4) Attitudes and preferences and (5) Weather as
shown in Table 1.

2.1.1 Individual socio-economic attributes. In terms of individual and household socio-
economic attributes, gender, age, income, and education are all taken into consideration.
Regarding gender, males exhibit a higher willingness to use non-motorized transportation and
greater tolerance for its drawbacks [11]; however, females demonstrate stronger robustness to
economic factors [13], and studies have shown that they are more accepting of transfer modes
of transportation than males [8]. The main concerns for females are safety-related [47], and
there is a lack of consideration for gender differences in various aspects of transportation,
resulting in inherent gender barriers [10]. Young people have a more positive attitude toward
bike-sharing [12], with affordability being an important factor [20]; however, they are also the
group least willing to transfer multiple times [25]. Middle-aged individuals have more diffi-
culty accepting bike-sharing as a new phenomenon [10], but there is still potential to be tapped
into; they dislike long walks as a mode of transfer and are very sensitive to travel costs [8]. The
biking rate among the elderly is very low, with the comfort and safety of biking facilities being
their top concerns [11]. Income and education are negative factors for low-carbon travel
modes [8], and some scholars believe that the positive correlation between income and educa-
tion levels makes the preferences of these two groups tend to be similar [48], with electric bikes
being more easily accepted by those with higher income and education levels [13].

2.1.2 Travel background. Whether for leisure or commuting, people are willing to use
bike-sharing or SE for their trips [19, 21]. However, the number of transfers has a significant
negative impact on this mode of travel [26]. Non-motorized travel is generally affected by
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Table 1. Literature summary of influencing factors.

Category Factors Impact on riding
Positive Negative
Individual socioeconomic attributes Gender [8,9] [10,11]
Age [9,11,12]
Income [13] [12, 14, 15]
Qualifications [10, 16] [11]
Travel background Travel cost [13] [14, 17-20]
Travel time [10,11,20]
Recreational motives [5,12,21,22] [9, 11, 23]
Number of transfers [24-26]
Travel distance [7] (5,10, 11, 14, 23]
Built environment Facility environment/ Land use [5, 6,23, 27-29] [30, 31]
Station distribution [12,19, 25, 31]
Dedicated road for riding [7,9, 10,21, 27, 32]
Open green space [19,27,32] [12]
Attitudes and preferences Sustainability and low-carbon awareness [17, 33, 34]
Flexibility and Convenience [34]
Comfortableness [20, 35] [34]
Perceived Security [14, 29, 36, 37]
Cautious approach to risk [6, 38, 39]
Satisfaction [17, 40, 41]
Social benefit [17, 34]
Weather Quantity of rainfall [14, 19, 23, 31, 42-45]
Temperature [42, 43, 45] [14, 23, 42]
Humidity and wind [23] [32, 43-45]
Community tolerance level [24, 46]

https://doi.org/10.1371/journal.pone.0309953.t001

transfer distance, with a threshold of 3 km, showing a positive trend initially, followed by a
negative one [17]. Some studies indicate that SE has a larger threshold than bike-sharing [13].
Travelers are more willing to walk for transfers within 200 meters, but this willingness drops
to only 20% at 700 meters [17]. Travel cost is inversely related to the willingness to choose this
mode of transportation [20].

2.1.3 Built environment. The quality of riding infrastructure is a primary concern for rid-
ers [19]. The continuity and exclusivity of bike lanes, as well as the coherence of the riding
experience, are crucial factors [49]. High-intensity land development, mixed-use areas, and the
density of points of interest (POI) also serve as significant positive influences [23, 26]. Con-
versely, damaged bike lanes and the lack of safety measures like barriers greatly reduce the will-
ingness to ride [26], especially at night [6]. Additionally, appealing environments such as
parks, lakes, and greenery strongly attract users [32].

2.1.4 Attitudes and preferences. Although users with a strong awareness of environmen-
tal protection and health tend to prioritize low-carbon transportation methods [34, 42], ongo-
ing publicity can effectively enhance public awareness [17]. However, people are more
sensitive to improvements in comfort and service levels [35, 38], and their need for safety out-
weighs the need for flexibility [37]. This is especially crucial for women [34].

2.1.5 Weather. Weather is a significant factor affecting riding, with outdoor modes like
SE being more impacted than enclosed travel methods [50]. Pleasant weather can boost users’
willingness to ride [14], while rain and snow have the most significant effects [51], causing up
to 75% of rides to be canceled due to rain. Shared bike rides starting near metro stations are

PLOS ONE | https://doi.org/10.1371/journal.pone.0309953  September 9, 2024 4/25


https://doi.org/10.1371/journal.pone.0309953.t001
https://doi.org/10.1371/journal.pone.0309953

PLOS ONE

Factors related to the intention of choosing shared E-scooters for metro transfer

more susceptible to rain, leading to a significant decrease in riding frequency and duration
[43]. This impact is even greater for inexperienced riders, as rain increases the risk by 2.5 times
and snow by 4 times [49]. However, this influence mainly comes from immediate weather con-
ditions, with subsequent weather changes being less important [44]. Temperature is another
critical factor, with both summer and winter being less ideal for riding, while humidity ampli-
fies the impact of high temperatures in summer [32].

The effects of wind vary; it can alleviate heat and increase the willingness to ride in summer
[23], with riders often increasing their speed to create a cooling breeze. In contrast, frequent
strong winds in autumn negatively impact riding, with each unit increase in wind speed
decreasing the likelihood of riding by 0.8% [44, 45].Different groups have varying degrees of
tolerance to weather, influenced by travel mode, purpose, environmental attitudes, and travel
habits. This heterogeneity means that the impact of weather on travel behavior varies widely
[46]. Understanding this variability is crucial for studying travel choices. However, as Nord-
bakke and Olsen point out, there is limited research on "weather tolerance" and its heteroge-
neous effects from the perspective of user diversity [9, 46]. Investigating this can highlight the
sensitivity to weather impacts and underscore the travel behavior tendencies of different
groups, which is of significant importance [24].

2.2 Theory and methodology

2.2.1 Behavioral theory. User satisfaction and loyalty are overall evaluation metrics
formed by users during purchase and use, primarily used to assess user experience and mea-
sure usage intentions. Satisfaction with the SE-metro transfer mode refers to SE users’ experi-
ences compared to their expectations regarding the products, services, infrastructure, and
environment involved in using this travel mode. It is an emotional response. Loyalty to the SE-
metro transfer mode mainly reflects whether users continue to choose SE as a travel mode,
which is a behavioral decision and an extension of satisfaction research.

Since travel mode choice is generally considered a rational behavior, current research in the
travel field often uses the Theory of Planned Behavior (TPB) as the foundational theory for
constructing user satisfaction models [52]. However, as an emerging travel mode, SE differs
from more conventional travel modes like cars and buses and is still in the process of being
gradually recognized and accepted by the public. Thus, TPB is not the optimal explanatory the-
ory for SE. The Technology Acceptance Model (TAM), based on the Theory of Reasoned
Action (TRA) and TPB, was first proposed by Davis in 1989. It is a theoretical model for
explaining people’s adoption behavior, acceptance level, or usage intentions of new things
[53]. TAM has the advantages of a simplified structure, robust model, and strong explanatory
power for user behavior, making it more suitable for explaining travel choice behaviors related
to SE.

As research has progressed, scholars have continually refined the Technology Acceptance
Model (TAM) from three perspectives: the model framework, internal model factors, and the
introduction of new theories into the model. Consequently, TAM evolved into TAM?2 [54] and
TAM3 [55]. Firstly, this evolution led to both a simplification and expansion of model vari-
ables. While removing attitude as a classic model variable and diminishing the influence of
subjective norms, researchers also began to recognize the impact of user characteristics, envi-
ronmental factors, and temporal factors on technology acceptance [55]. Secondly, the focus of
research subjects has gradually shifted to specific groups. The scope of investigation has
extended from internal model factors to external influence variables and from the information
domain to multidisciplinary fields such as social, management, economic, and decision sci-
ences [56]. These advancements have significantly broadened the applicability of the model.
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Table 2. Summary of literature.

Study ‘ Valid responses Data collection Methodology
Choice preferences for shared bike

Fernandez-Heredia et al [30] 2555 RP survey SEM
Campbell et al. [57] 496 SP survey Multinomial Logit

Shen and Chang [56] 300 RP survey DEM

Ye et al. [20] 1024 RP survey Mix Logit

Ingvardson et al. [34] 1097 RP survey HCM

Tzouras et al. [37] 129 SP survey Linear Regression

Choice preferences for shared e-scooter
Tuli et al. [19] Application monitoring and GPS application Radom-Effects Negative Binomial Logit
feedback
Xin et al. [48] 1023 SP survey Linear Regression
Weschke et al. [58] 3834 SP survey Multinomial Logit
Carroll [13] 431 RP survey Binary Logit
Lietal [59] 830 RP survey Multinomial Logit

Shared bike connects t:

o public transportation for interchange behavior

Aietal. [35] Application monitoring and GPS application Fuzzy Linear Regression
feedback
Bietal. [23] Application monitoring and GPS application Binary Logit
feedback
Gan et al. [21] 748 RP survey Random parameter Tobit and Multinomial Logit
Liu et al. [8] 9.1 million Smart Card Data Binomial Logit
Guo et al. [17] 415 SP survey HCM
Influences on riding in a given scenario
Abou-Zeid and Ben-Akiva 594 RP survey HCM
(41]
Gebhart and Noland [43] 1.3million Information Disclosure Negative Binomial Regression
Website
Kaplan et al. [52] 655 RP survey SEM
Zhao et al. [44] Data monitoring and feedback Automatic counters Comparative and Residual Regression Analysis
Acharjee and Sarkar [29] 815 SP & RP survey Multiple Indicators Multiple Causes (MIMIC)

Zhou et al. [31] Application monitoring and GPS application Geographically and Temporally Weighted Regression
feedback (GTWR)
Rashidi et al. [36] 345 RP survey SEM

https://doi.org/10.1371/journal.pone.0309953.t1002

2.2.2 Methodological approach. The commonly used statistical analysis methods in exist-
ing travel mode choice research include the Discrete Choice Model (DCM), which primarily
aims at prediction; the Structural Equation Model (SEM), which primarily aims at explanation;
and the Hybrid Choice Model (HCM) [35, 43, 44]. Our focus is on the intention to choose
non-motorized transportation, particularly in the context of its integration with public transit.

Relevant literature is summarized in Table 2.

The Discrete Choice Model (DCM) is a non-aggregate model based on utility theory, which
expresses travelers’ preferences for travel modes through utility value functions. It typically
employs the principle of Random Utility Maximization (RUM), assuming complete rationality
and commonly used methods include the Logit model and Probit model [60], with the Logit
model being the most widely used. However, DCM generally assumes that the choice attitudes
with individual heterogeneity are stable and consistent [38], and it explores less the impact of
traveler heterogeneity [56], making it difficult to explain psychological factors such as individ-
ual choice preferences significantly related to behavioral intentions [61]. To address this issue,
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SEM is introduced. SEM typically incorporates unobservable psychological factors such as atti-
tudes and perceptions into the structural model in the form of latent variables and quantifies
them through measurement models in the form of questionnaire items. It is widely used in
areas such as travel satisfaction and loyalty, increasing riding rates [36], and differences in pol-
icy influence [59], with overall robust research conclusions [62] but with fewer studies on atti-
tudes towards transfer travel. The Hybrid Choice Model (HCM) is a combination of both
models, but the increased complexity of the model limits its practicality.

3 Case study background: SE in Changsha, China

CSSE’s development went through a process of "barbaric growth, strict management, and stan-
dardized development." SE was first introduced to the Changsha market in 2018, accompanied
by the frantic vehicle deployment by 10 operating companies to compete in the market. The
number of CSSE peaked at 460,000 in November 2020, but only 60,000 were licensed, leading
to a series of problems such as occupying lanes and chaotic parking, which raised concerns
among citizens. In early 2021, due to safety and order considerations, almost all SE were
recalled, and operations were halted. The recalled vehicles were either transferred to other cit-
ies for continued operation or disposed of, recycled, or entered the second-hand market. In
2022, after extensive discussions among the government, companies, and citizens, 50,000 SE
from 8 operators were reintroduced to the market, with plans to gradually increase the number
of vehicles but keep the total below 100,000.

The CSSE has an average riding time of 12.5 minutes and an average speed of 11.9 km/h.
The average riding distance is 2.05 km, with 28% of rides being 0-1 km, 34% being 1-2 km,
16% being 2-3 km, and 21% being over 3 km. The commuting population accounts for 39% of
users, and there is a strong coupling between order intensity and the distribution of work-
places and residences. Orders are evenly distributed among areas with high, medium, and low
rent levels, with each accounting for 20%, 40%, and 40% of total orders, respectively. This pro-
vides equal opportunities for travel services for different income groups. However, high-inten-
sity travel is relatively concentrated in areas with medium and low rents, benefiting difficult
groups such as rural migrants and zero-employment households. Nighttime riding accounts
for 12% of total rides, which is relatively high nationally, effectively promoting the city’s night-
time economy and expanding the reach of the catering industry. Weather temperature is an
important factor affecting SE usage, with ridership in spring and autumn being twice that of
winter. Active users can reduce carbon emissions by an average of 40 kg per year, indicating
that this mode of transportation is an effective low-carbon travel option.

The average riding distance for SE-metro transfer mode to metro stations is 1.9 km, and the
order volume within 100 meters of the station is 2.2 times the average order volume. Accord-
ing to the experience of Chinese cities, the total length of the rail transit network is propor-
tional to the order volume around the stations. Currently, Changsha has an operating mileage
of 210 km and a planned total length of 456 km. Referring to the experience of similar Chinese
cities, the final order ratio could reach around 6 times, indicating that Changsha’s SE-metro
transfer mode still has significant room for growth. Furthermore, currently only 51% of metro
stations in Changsha have SE operating services, mainly because many peripheral metro sta-
tions are beyond the operating range of SE. However, the metro network in Changsha is basi-
cally structured as "sparse outside and dense inside," with low density and insufficient
coverage of peripheral rail networks. This makes it the optimal market for the "SE + metro
transit" mode of travel, which can significantly increase the population covered by metro ser-
vices and attract more passengers. In addition to the SE-metro transfer mode, SE also plays a
significant role in filling the gap in short- to medium-distance public transit services in some
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areas. Currently, community buses, feeder buses, and shuttle buses are underdeveloped, with
small passenger volumes and low economic benefits. SE, being flexible and convenient, has
advantages in travel distances of 2-4 km, helping to make up for the lack of facilities in older
communities, improving the convenience of life services, and shaping a "riding+" lifestyle
circle.

4 Methodology
4.1 Conceptual model

This article intends to discuss the factors influencing the evaluation and intention to use the
SE-metro transfer mode based on TAM and extend the model to include a latent variable for
subjective perceptions of weather. Considering that the expanded model will have more medi-
ating variables, making the model more complex and affecting its robustness, this article aims
to construct and compare three TAM models based on the simplicity of the model without
exceeding the complexity of the classic TAM model, as shown in Fig 1. This serves as the basis
for studying the impact of weather factors.

(1) M1 Model. M1 is a simplified model of TAM after removing the attitude latent variable,
as shown in Fig 1(A). Many studies have shown [53] that the attitude latent variable is only
necessary for very novel and unfamiliar technologies, and in most cases, attitude and satisfac-
tion can be combined [63]. Perceived Usefulness (PU) and Perceived Ease of Use (PEOU) are
important antecedents of user satisfaction [53]. PEOU enhances users’ sense of control, while
PU enhances their sense of utility, both of which can reduce the gap between users’ psychologi-
cal expectations and actual perceptions, thereby increasing satisfaction. The stronger the
PEOU, the easier it is for users to achieve their usage goals and enhance the pleasure of use.

e
@’

(b)M2

Attitude

Subjective norm Behavioral ntention

Perceived
Behavioral Contro

(c)M3 (d)TPB
Fig 1. Schematic diagram of the conceptual model.

https://doi.org/10.1371/journal.pone.0309953.9001
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Thus, PEOU has a positive effect on PU [64]. Domestic and foreign studies have shown that
satisfaction is a key driver of loyalty [65]. Loyalty includes attitude loyalty and behavioral loy-
alty, but due to the instability of measuring behavioral loyalty, more research focuses on atti-
tude loyalty. Since the meaning of usage intention is consistent with attitude loyalty, PU also
drives loyalty. By comparing the research results related to perceived service quality and based
on the widely used SERVQUAL model, the model’s PU corresponds to four second-order
latent variables [66], namely Convenience of use (COU), Perceived safety (SAF), Comfort
(COM), and Ease of transfer (TRA). During the ride-hailing process, users’ understanding of
PEOU mainly focuses on whether the facilities during the ride are user-friendly rather than
whether the non-shared e-scooter system is easy to use. Therefore, this paper focuses on the
facility conditions during the ride in the PEOU latent variable.

(2) M2 Model. Davis et al. [53] found that as experience increases, perceived ease of use will
no longer be a significant variable affecting satisfaction, assuming that it affects satisfaction
through PU unnecessary. This is more evident for short-distance commuting using the SE-
metro transfer mode for daily commuting and schooling. After a period of riding, users can
remain calm even in the face of poor riding facilities. Based on the principle of model simplic-
ity, this paper cancels the assumption that ease of use affects usefulness in the M1 model and
proposes the M2 model, as shown in Fig 1(B).

(3) M3 Model. Studies have shown that although the sensitivity of users to satisfaction
decreases with an increase in riding experience, the objective impact of ease of use on users’
experience does not change. Poor user experience can still reduce user loyalty. Therefore, this
paper adds the impact of ease of use on loyalty to the M2 model and proposes the M3 model,
as shown in Fig 1(C).

(4) TPB Comparative Model. To validate a behavior selection model suitable for SE travel,
the TPB model is considered as an alternative. By comparing the model’s explanatory power,
the optimal model with universal research value is selected. Fig 1(D) of the TPB model dis-
cusses behavioral intentions based on three variables: attitude toward behavior, subjective
norms, and perceived behavioral control. Attitude toward behavior refers to users’ evaluation
of specific behavior, i.e., user satisfaction; subjective norms refer to the social pressure individ-
uals feel about whether to adopt the behavior; in the context of SE, it refers to the physical traf-
fic environment rather than others’ evaluations, specifically referring to social norm culture
(SAF) such as road order and potential interference from transportation facilities themselves
(PEOU); perceived behavioral control refers to the degree of control users have over the behav-
ior. The ease of use of SES (COU), riding comfort (COM), and the reliability of SE transfer
functions (TRA) are highly correlated with the former, indicating a common essence. There-
fore, these three variables are extracted as second-order factors of perceived behavioral control.
Individuals form a behavioral inclination after integrating attitudes toward behavior, subjec-
tive norms, and perceived behavioral control, ultimately forming loyalty to SE transfers.

(5) M4 with extending weather perception dimensions

Research has shown that the three factors influencing riding behavior most are terrain,
weather, and safety [24, 29]. SE largely eliminates the influence of terrain, and there has been
more research on riding safety [67]. However, few have focused on how SE impact on weather
perception. Studying the common extension pathways of TAM [68], we propose to compare
M1-M3 models and then incorporate weather perception as a latent variable into the optimal
one. The previous survey showed that users usually do not switch their dissatisfaction with the
weather to SES but will reconsider using SE. It is also believed that severe weather does not
change the value of SE usage, but it can objectively create barriers to it. Therefore, extended
model M4 proposes introducing the weather dimension and hypothesizes it significantly
affects PEOU and LOF.
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4.2 Data

The survey data was collected from a questionnaire survey on the SE-metro transfer mode
conducted in Changsha, Hunan Province, on June 24-25, 2021. The measurements used a
five-point Likert scale. Before the formal survey, a preliminary survey was conducted around
30 metro stations with high SE demand. The areas around these preliminary survey sites
included residential, commercial, office, school, transportation hubs, and park landmarks. By
excluding unsuitable locations for conducting the questionnaire, 20 formal survey sites were
ultimately selected.

The survey used an intercept method to interview nearby residents randomly. Respondents
signed a written informed consent form before filling out the questionnaire. Minor respon-
dents completed the survey with the consent of their guardians. To avoid volunteers’ subjective
bias towards certain respondent groups, stratified sampling was used based on user character-
istic data released by the SE company, controlling for age, gender, and other conditions. The
answering time was controlled between 10-20 minutes. With the respondents’ consent, a total
of 1012 questionnaires were distributed, and 875 were collected. After data cleaning and valid-
ity checking, 683 valid questionnaires were obtained, with an effective rate of 78.1%. The ques-
tionnaire utilized in this study is delineated in the (S2 File). The data amassed and a synopsis
of the scores by dimension are presented in (S1 Data) and (S1 File), respectively.

The descriptive statistics of the respondents’ data in Fig 2 show that the gender distribution
of the user group is relatively balanced, generally younger and more educated. College stu-
dents, freelancers, and enterprise employees are in the top three, and the large proportion of
middle- and low-income users reflects the occupation distribution. The distribution of riding
time and distance indicates that SE is mainly used for short-distance travel, but it is outsides
the comfort range of walking. However, the proportion of riding distance below 1km and 2-
4km is not low, indicating that SE has strong competitiveness in the face of walking and short-
and medium-range public transportation, and its scope of application is broader. Analyzing
the travel time of the metro part of its transfer, the travel time of more than 15 minutes
accounts for 75%, corresponding to the travel distance of more than 10km, indicating that the
metropolis can better reflect the value of SE’s transfer. In terms of riding frequency, most peo-
ple only use SE as an alternative travel mode, which indicates that there is still much room for
growth in the commuting field.

It can be observed that the composition of the survey respondents (such as gender ratio, age
distribution, education level, etc.) corresponds to the user data disclosed in market reports
[69], reflecting the current status of the SE market composition and the natural selection pref-
erence of a certain specific group of people for SE. This further reveals the applicability and
value of this study.

4.3 Computational procedure

4.3.1 Exploratory factor analysis. The main purpose of EFA is to identify whether the
latent variables align with the predetermined items in the conceptual model and to reduce the
observed items while maintaining the model’s explanatory power. The study employed the
Partial Least Squares method to test 32 items, of which COU5, TRA2, PEOUS5, and LOF4 were
excluded due to factor loadings less than 0.7. Consequently, 28 items were retained. The KMO
value after excluding items was 0.877, indicating that the sampling was adequate. Bartlett’s test
of sphericity was significant, and the rotated component matrix based on the maximum vari-
ance method showed that the absolute values of all elements exceeded 0.5. The questionnaire
items could be divided into 8 different latent variables, namely: (1) Convenience of Use
(COU). Includes items like "neat placement of vehicles" and "easy to scan and rent a vehicle”;
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Fig 2. Descriptive of sample characteristics.

https://doi.org/10.1371/journal.pone.0309953.9002
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(2) Perceived Safety (SAF). Includes items like "good traffic order" and "few interferences
while riding”; (3) Comfort (COM). Includes items mainly related to the riding comfort of the
e-scooter.; (4) Ease of Transfer (TRA). Defined by items such as "reasonable layout of metro
entrances and exits," "more convenient than bus transfers," and "close proximity of pickup and
drop-off points."; (5) Perceived Ease of Use (PEOU). Represents indicators related to perceived
ease of use, such as "wide enough bike lanes" and "shaded paths."; (6) Weather Preference
(WEA). Measured by different respondents’ tolerance to four weather conditions: "haze, light
rain, heat, and cold."; (7) User Satisfaction (SAT). Composed of various evaluation factors
such as "willingness to recommend to others" and "se has improved the quality of life."; (8)
User Loyalty (LOF). Measured by users’ choice of se as a transfer mode in various hypothetical
scenarios.

4.3.2 Simplification of questionnaire items. We aim to use the PLS method to select the
best-fitting model among M1~M3 of different questionnaire sizes based on the streamlining
principle. R* and BIC values are both indexes for determining model fit, but R* tends to favor
models with a larger number of variables, which is a drawback that can lead to unnecessarily
complex models. At the same time, BIC is based on Bayesian Information Theory, which better
represents the overall best goodness-of-fit. Distinguishing validity is a crucial criterion for
determining whether a questionnaire is refined. HTMT (heterotrait-monotrait ratio) repre-
sents the ratio of between-trait correlation to within-trait correlation and is an indicator for
assessing discriminant validity. An HTMT can be calculated between traits (i.e., latent vari-
ables) higher than 0.90, meaning poor discriminant validity [70]. In this study, HTMT was
selected as the basis for simplifying questionnaire items, while BIC was used as the discrimi-
nant indicator for model comparison.

Deletions for streamlining are made in order of magnitude based on their model’s explana-
tory power. PU is jointly reflected by four second-order latent variables (COU, SAF, COM,
and TRA), which are conceptually easily cross-repeated. In this paper, the simplification
started from this point onwards, and we used the factor loading to measure their contribu-
tion’s magnitude. The questionnaire items screened by EFA were used as the Base group.
Based on the principles of single variable control and not missing any possibility, we started
from COU4 (0.739) and SAF4 (0.756), which have the smallest factor loading, respectively.
The items were divided into two groups to list all the deletion schemes stepwise incrementally
and then terminated when each latent variable’s observation variables were reduced to three.
Finally, a total of 10 kinds of schemes were taken into account, as shown in Table 3. Except for
schemes 8 and 9, which were eliminated due to not meeting the requirements of HTMT values,
the values of the remaining schemes were relatively close, indicating that the model generally
conforms to statistical criteria. In the most simplified schemes, 5 and 10, the former obtained a
smaller BIC value, resulting in a final questionnaire with 23 items. This paper investigates how
to improve user satisfaction and loyalty, combining BIC values of Base and 10 schemes with
the principle of simplicity. It can be seen that M2 is the optimal model, as shown in Table 3.
Therefore, this paper selects "M2+Scheme 5" as the optimal model for the following classifica-
tion comparison and as the base model of M4.

4.3.3 Applicability analysis of research methods. For the TPB model, another alternative
research method, when calculating the discriminant validity, it was found that the second-
order factors PEOU and SAF, which constitute the ’subjective norms’ variable, do not meet the
requirements. The correlation values of 0.822 and 0.873 in Table 4 far exceed the square root
of the AVE value of this variable, which is 0.786. This indicates that the model structure of
TPB cannot adapt to the psychological motives of users under the conditions of the SE-metro
transfer mode. At the same time, the second-order latent variables COU, COM, and TRA,
which constitute the *perceived behavioral control,” are all close to the critical value (0.665,
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Table 3. Comparison of model fitting and question item screening results.

Groups Program Excluding items HTMT Latent variable BIC
PU-SAF PU-COM M1 M2 M3
Base COU5, PEOUS5, LOF4, TRA2 0.869 0.866 LOF -169.077 -168.990 -196.561
SAT -154.616 -156.280 -156.239
1 1 COoU4 0.893 0.875 LOF -169.273 -169.211 -196.516
SAT -602.291 -152.465 -152.419
2 COU4, SAF1 0.858 0.896 LOF -168.682 -168.577 -196.397
SAT -500.718 -153.436 -153.395
3 COU4, SAF1, COM4 0.877 0.849 LOF -169.353 -169.312 -196.205
SAT -527.424 -149.446 -149.388
4 COU4, SAF1, COM4, TRA1 0.883 0.863 LOF -169.233 -169.234 -195.982
SAT -584.850 -148.847 -148.805
5 COU4, SAF1, COM4, TRA1, SAF4 0.879 0.863 LOF -168.963 -168.903 -196.144
SAT -498.682 -149.853 -149.802
2 6 SAF4 0.854 0.880 LOF -168.583 -168.451 -196.584
SAT -501.363 -157.212 -157.161
7 SAF4, COU4 0.878 0.893 LOF -168.963 -168.858 -196.626
SAT -534.982 -153.382 -153.327
8 SAF4, COU4, TRA1 0.904 0.908 LOF -168.830 -168.746 -196.444
SAT -581.791 -153.062 -153.023
9 SAF4, COU4, TRA1, COM4 0.925 0.859 LOF -169.667 -169.661 -196.309
SAT -616.566 -148.965 -148.910
10 SAF4, COU4, TRA1, COM4, SAF5 0.877 0.882 LOF -170.239 -170.120 -198.398
SAT -470.851 -151.911 -151.795

https://doi.org/10.1371/journal.pone.0309953.t003

0.762, and 0.748), further proving that the TAM model is the appropriate research method for
SE transfer travel.

5 Results

The results of the questionnaire survey in this study are shown in Fig 3. Among the measure-
ment results of 8 latent variables, users have a higher recognition of the convenience of using
SE (COU: 3.694), while their evaluations of security (2.901), loyalty (2.795), and weather per-
ception (2.346) are lower. At the same time, the remaining first-order latent variables, COM
(3.398) and TRA (3.147), as well as PEOU (3.149) and SAT (3.438), are all between 3.1 and 3.4,
indicating an overall weak favorability among users. The degree of dispersion of scores for
each latent variable is relatively high, with standard deviations concentrated in the range of 0.7
to 0.9. Descriptive statistics indicate that the current status of SE as a mode of transportation
still needs to be solid, and there is still considerable room for improvement in vehicle mainte-
nance. Even minor disturbances could change user choices. Additionally, respondents have
heterogeneous evaluations of transfer service functions, indicating a long road ahead for

development

Table 4. Discriminant validity of the TPB comparative model.

Latent variable COM COU PEOU SAF TRA Subjective norm Perceived Behavioral Control
Subjective norm 0.405 0.279 0.822 0.873 0.379 0.786 -
Perceived Behavioral Control 0.762 0.665 0.412 0.424 0.748 0.492 0.795

https://doi.org/10.1371/journal.pone.0309953.t004
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5.1 M2 modeling results

The calculation results of model M2 are shown in Fig 4. The factor loadings between latent vari-
ables and observed variables are all greater than 0.70, and all path coefficients have p-values lower
than 0.05, indicating that the model meets statistical requirements. Regarding the intermediate
path results in Table 5, the path starting from PU has a VAF value of 25.76%, which falls within
the range of 20% to 80% for partial mediation effects [71], indicating that improving the psycho-
logical ratings of PU will indirectly enhance the level of user loyalty to a certain extent.

5.2 M4 modeling results

Based on M2, M4 adds two assumptions about weather perception: (1) Weather perception
will not affect the system’s usefulness but its ease of use. (2) Users will not complain about the
system because of the weather, but it will affect their loyalty. In addition to the path with a
complete mediation effect, the two partially mediating paths shown in Table 5 have a starting
point of WEA. This path is a special case of a negligible dual mediation path, with a VAF value
of only 7.44%.
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The results of M4’s reliability and factor correlations are shown in Table 6. The Cronbach’s
Alpha values meet the standard of being greater than 0.7, demonstrating the model’s reliability.
Q? is a measure of whether the endogenous structure has predictive relevance [72], and values
greater than 0 indicate good predictive ability for the model [71]. On the right side are the dis-
criminant validity results based on the Fornell-Larker criterion. The values on the diagonal of
the matrix represent the square root of the Average Variance Extracted (AVE) for each vari-
able, which is greater than the correlation coefficients with other constructs, demonstrating
the model’s satisfactory discriminant validity [73].

Table 5. Mediated effects results of M2 and M4.

Model Path Indirect Effects Confidence Interval P-Value VAF Mediation
2.50% 97.50%
M2 PU-> SAT -> LOF 0.085*** 0.059 0.117 0.000 25.76% Partial
M4 PU-> SAT -> LOF 0.084*** 0.058 0.114 0.000 28.57% Partial
WEA ->PEOU-> SAT -> LOF 0.016*** 0.008 0.027 0.001 7.44% None

Note: *p < 0.05
*p <0.01
% £ 0.001.

https://doi.org/10.1371/journal.pone.0309953.t005

PLOS ONE | https://doi.org/10.1371/journal.pone.0309953  September 9, 2024

15/25


https://doi.org/10.1371/journal.pone.0309953.g004
https://doi.org/10.1371/journal.pone.0309953.t005
https://doi.org/10.1371/journal.pone.0309953

PLOS ONE

Factors related to the intention of choosing shared E-scooters for metro transfer

Table 6. Relevance and reliability of M4.

Cronbach Alpha
0.778
0.774
0.808
0.762
0.803
0.761
0.805
0.785
0.804

Q?
0.377
0.365
0.388
0.350
0.202
0.348
0.383
0.388
0.383

Latent Variable COM COouU PEOU LOF PU SAF SAT TRA WEA
COM 0.832
COU 0.244 0.828
PEOU 0.303 0.262 0.796
LOF 0.218 0.282 0.419 0.823
PU 0.713 0.606 0.487 0.378 0.830
SAF 0.359 0.250 0.439 0.280 0.718 0.822
SAT 0.271 0.282 0.412 0.435 0.394 0.288 0.795
TRA 0.303 0.233 0.314 0.254 0.681 0.310 0.232 0.836
WEA 0.129 0.074 0.164 0.273 0.189 0.165 0.103 0.140 0.794

https://doi.org/10.1371/journal.pone.0309953.t006

5.3 Model selection

PLS modeling cannot optimize any global scalar function compared to maximum likelihood
estimation, lacking indices that can provide users with global model validation [74]. However,
GoF (Goodness of Fit) serves as a fitting index for PLS, which can compensate for this defi-
ciency. The size of GoF is calculated according to Formula (1) using the corresponding values
provided by the SmartPLS software. The GoF value for M2 is 0.344, indicating a moderate fit
(0.25, 0.36) [74], while the GoF value for M4 is 0.362, indicating a high fit. This suggests that
the M4 model, which includes the weather perception variable, has a better fit and stronger

explanatory power.
GoF = / Community x R? (1)

In the modeling calculations for both the test set and the validation set survey data, it was
found that the M4 model maintained consistent usability and effectiveness across different
samples. This demonstrates the universal applicability of the conclusions of this study.

6 Discussion

Fig 5 presents the estimation results of the M4 model, where different path coefficients repre-
sent the direct relationships between latent variables. Based on the evaluation results of the
model, we discuss in detail the influences of sample characteristics and the utility of psycholog-
ical variables.

6.1 Sample characteristic differences

Discussing the preference for the SE-metro transfer mode among different sample groups,
divided by respondent gender: The M4 model maintains a relatively consistent explanatory
power in both groups. Men show greater interest in emerging transfer modes, with measures
to improve riding comfort being particularly effective for them. Women, on the other hand,
are more concerned about their image. They are more selective about riding safety and road
conditions and have a lower tolerance for weather conditions. They consider improving the
evaluation of SE from aspects such as ensuring the smoothness and continuity of non-motor-
ized lanes and providing raincoats.

According to the respondents’ educational backgrounds, they were divided into two
groups: high school and junior college, and bachelor’s degree and above. The M4 model had a
more prominent explanatory effect on users with a bachelor’s degree and above. Perceived use-
fulness and satisfaction levels significantly influenced the loyalty of this group. Measures such
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Fig 5. M4 modeling results. Note: * p < 0.05, **p < 0.01, *** p < 0.001.
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as simplifying system operations and enhancing the supply of e-scooters are recommended.
On the other hand, those with a high school and junior college education focus more on indi-
vidual circumstances. After comprehensive consideration of riding safety, comfort, and toler-
ance for weather, they make choices accordingly.

Using 25 years old as the cutoff, respondents were divided into two groups: Generation Z,
representing young people entering society, and Millennials, representing stable working-age
adults. Generation Z has a stronger acceptance of new things and focuses on the transfer func-
tion and reliability of SE. Millennials often commute by bike, and their travel is continuous
and stable. They are more willing to make subsequent choices based on their own user experi-
ence, so the impact of weather factors is minimal. For older middle-aged citizens, a lack of
understanding of SE and difficulty operating the software hinder them from trying such trans-
fer modes. Improving ease of use can help SE gain greater popularity.

Users were grouped by occupation, with university students, executives, and freelancers
characterized as having more freedom. At the same time, government and corporate employ-
ees with fixed working hours were classified as non-freedom groups. The freedom group has
more leisure time, leading to higher demands for the quality of SE-metro transfer mode travel.
They consider various influencing factors comprehensively. As for non-freedom groups like
government departments and corporate employees, although they have stable travel
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characteristics, fatigue from work makes them pay more attention to the riding experience.
Dangerous road conditions and uncomfortable riding experiences greatly interfere with their
choice of SE. Optimization can be achieved by separately isolating non-motorized lanes, main-
taining traffic order, improving SE configuration, and riding power.

6.2 The influence of psychological variables on utility

6.2.1 Weather tolerance. The inclusion of weather tolerance helps enhance the model’s
explanatory power. This latent variable can directly influence PEOU and LOF. Despite many
related studies, few have considered subjective weather perceptions as influencing variables. It
is also important to design questionnaire items more specifically to prevent overlooking survey
information such as light rain.

Improving perceived ease of use can offset the impact of bad weather. Different regions
should have different strategies based on factors such as precipitation, economic conditions,
temperature, and air quality. For example, rubber seat cushions without sponges can be used
for SE to improve drainage and anti-freezing performance. Planting large canopy trees as road-
side trees can effectively alleviate the impact of haze, light rain, heat, and cold weather while
ensuring continuous riding. Additionally, continuous rain shelters can be set up on roads with
heavy non-motorized traffic, a measure already applied in cities like Singapore and Hong
Kong, China. Maintaining the riding quality and safety of roads, ensuring continuous riding
environments, and increasing riding speed can also effectively reduce the impact of weather.

The significant path coefficient from weather to loyalty implies that people are easily inclined
to change their travel modes due to weather conditions, and they are only willing to use riding
modes like SE in very comfortable situations. The impact of weather on loyalty can be catego-
rized as follows: First, weather can impact personal image. Variable weather conditions may
cause users to sweat or get wet in the rain, damaging their image at work and in daily life. There-
fore, providing locker rooms and shower facilities in office buildings can facilitate users in
cleaning their clothes, effectively enhancing their resistance to the effects of weather [75]. Sec-
ond, weather can impact work or travel plans. Previous studies have suggested that facilities
such as locker rooms can help avoid the constraints of riding in formal attire, providing condi-
tions for changing from sportswear to work clothes [19]. Third, weather can hinder the choice
of users with special needs. Equipping the vehicle with a mini disposable raincoat box and a
foldable storage box can meet the needs of sudden rain and carrying large items.

In the model results, the impact of weather on loyalty (LOF) is greater than that on per-
ceived ease of use (PEOU), indicating that weather’s influence on transfer choices is more
emotional rather than a rational choice based on the real riding environment. It is worth not-
ing that the time spent on transfer travel exposed to outdoor environments is short, and users’
inquiries focus on their sensitivity to minor weather changes. Overall, the fluctuation is small,
so the numerical values of the weather-related paths are not significant.

6.2.2 Perceived Usefulness. The significant path from Perceived Usefulness (PU) to Loy-
alty (LOF) implies that even under the assumption of suboptimal satisfaction, the construction
department can still maintain users’ loyalty to SE by improving PU. The importance ranking
of the four latent variables comprising PU, namely SAF, COM, TRA, and COU, is consistent
with expectations, with all of them receiving high weights. This is in line with previous findings
in shared bicycle research, where users are more concerned about the safety of SE. This is
mainly due to the generally poor traffic safety conditions and road infrastructure, as well as the
higher speed and greater weight of SE compared to bicycles.

We must also consider the influence of some underlying factors. Although all respondents
have experience with the SE-metro transfer mode, the transfer rail function is only part of the
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purpose for choosing the SE. This may be an important reason for the relatively low TRA
values.

6.2.3 Perceived Ease of Use. Perceived Ease of Use (PEOU) not only directly affects satis-
faction but also indirectly influences users’ loyalty to the SE-metro transfer mode. This indi-
cates that the social reputation of SES is closely related to a good usage environment, including
continuous and ample riding space, well-maintained road surfaces, shaded areas, and clear
directional signs. Neglecting to optimize the riding environment may lead to the government
making incorrect decisions regarding support for SES, consistent with a comparative study on
the United States and Canada [76]. Most of the lower-rated items are related to government
policies and infrastructure, indicating an urgent need for adjustment in Changsha’s govern-
ment policies related to SES development. This includes infrastructure construction, including
transfer functions, which should listen more to the opinions of riders.

Previously, the ban on SES by the Changsha government was based on complaints from cit-
izens. However, these complaints, while reflecting some actual issues with SES, mostly high-
light the deficiencies in the ease of use of riding space and facilities, such as mixed traffic with
motor vehicles and illegal parking. In fact, these issues are mostly caused by private car owners.
Still, based on the principle of fairness, low-income groups have the right to equal road rights
as private car owners. At the same time, the mismatch between the number of parking lots for
motor vehicles and non-motor vehicles has caused problems with nowhere to park SE, which
also deserves attention.

6.2.4 User satisfaction. Satisfaction is the most important psychological latent variable in
the choice of SE, with few users giving extremely negative evaluations. They generally exhibit a
more satisfied and concentrated attitude. Maintaining an affordable price is a decisive factor in
satisfaction. Since the resumption of SE operations in Changsha, prices have doubled or even
surpassed those of buses and subways. This indicates that there are many deficiencies in cur-
rent operation management. Firstly, the policy of maintaining multiple operators and control-
ling the number of SEs put into operation has led to a lack of competition among operators.
They are confident in maintaining high prices even when there is a high demand during peak
hours to achieve higher profits. Secondly, the limited number of SE put into operation has led
to high fixed costs for operators, which is also one of the reasons for the increase in prices.

Gradually increasing the number of operating vehicles and appropriately reducing the
number of operators is key to future CSSE policies. The concept of low-carbon environmental
protection is gradually becoming popular in China, which can promote the formation of satis-
faction. However, as a developing country, Chinese people value the sense of honor repre-
sented by their means of transportation: using a car is considered more decent while using a
non-motor vehicle is seen as a sign of a less successful career. This outdated notion is particu-
larly evident among middle-aged and older people, which is also a major reason why SEs are
difficult to promote. Therefore, it is important to reshape users’ social values, establish a good
social image of riding, and actively promote environmental values. A good measure is to rec-
ommend the use of SEs to friends around them. The power of mutual recognition may be
more effective and lasting.

6.3 Scope of SE use

The emergence of SE has significantly increased users’ tolerance for travel distances, making it
suitable for a wider range of areas and travel purposes. The street block scale in the periphery
of cities has gradually expanded with urban expansion, and the SE-metro transfer mode is
more in line with the typical characteristics of low-density and super-large blocks than shared
bicycles, effectively alleviating the negative impact of reduced road network density. At the
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same time, for groups such as the elderly who lack physical fitness and do not like shared bicy-
cles, or in cities with large terrain variations, SE has significant advantages. SE also features
pedal functions, which can still meet fitness needs.

Various factors influence the choice of the "SE + metro" travel mode in work and life. For
example, complex temporary situations such as picking up children or spouses, shopping, or
frequent fieldwork are not suitable for this type of travel mode. However, in situations of traffic
congestion and difficulty in parking, the choice of SE-metro transfer mode will be promoted.

6.4 Limitations and future research

This study has several limitations. Firstly, it is based on survey data from only one city. The
geographical environment, urban planning, cultural background, and riding facilities vary
greatly between different countries and even within different cities. Therefore, the study’s con-
clusions can only be cautiously generalized to cities in southern China and some cities in
Southeast Asia. Secondly, due to the reluctance of older and less educated groups to use SE,
there is a slight shortage of samples compared to other categories. The promotion measures
proposed in this paper may only be applicable to some residents. Thirdly, the complex charac-
teristics of SE, combining "emerging" and "traditional,” are not consistent with the TAM the-
ory, which requires the research object to be completely innovative. Moreover, current
research mainly focuses on the background where SE has yet to be widely deployed, and the
choice of transfer travel may change further with the popularization of SE use. Fourthly,
although psychological variables were used to explore some heterogeneity in SE travel choices,
the handling of random preferences is still not satisfactory. At the same time, the research is
based on the most concise form of practicality consideration of the model, but whether it
meets the optimal explanation and prediction capability requires further research.

Future research directions mainly include four aspects. Firstly, establish a mixed-choice
model (such as the UTAUT model), combine the theoretical framework of TAM for emerging
things with the explanatory advantages of TPB for traditional travel modes, and comprehen-
sively explore the heterogeneity of users’ psychological choices of SE-metro transfer mode.
Secondly, conduct targeted research on specific target groups such as the elderly or those with
low education levels, tourists, etc., to clarify the key factors for market expansion. Thirdly,
accumulate travel data of users over a long time and large span to carry out a time-series study
under the conditions of SE market maturity. Fourthly, comparing the transfer functions of var-
ious shared mobility modes may reveal the applicable scenarios of other shared mobility
modes. For new modes of transportation such as e-scooters that still need to be deployed in
the Chinese market, comparative studies based on the Meta-analysis method can be
considered.

7 Contributions and conclusions

This paper reveals user preferences for shared e-scooter systems and their riding environment
in the context of the "Shared E-scooter + Metro" transfer mode. Our contributions to research,
policy, and practice are as follows.

First, we included user perception of weather to understand and predict its impact. The
model indicates that weather perception significantly affects perceived ease of use (PEOU) and
loyalty. Features such as rubber seats and office building facilities like changing rooms, as well
as well-designed road-riding spaces, play an important role in mitigating the negative effects of
bad weather.

Second, our research shows that there are many areas for optimization in the current shared
e-scooter policies in Changsha. It is crucial to increase the number of shared e-scooters, reduce
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the number of operators appropriately, ensure riders’ rights, and provide them with more con-
tinuous, comfortable, and safe riding spaces, as well as establish a good social image for riding.

Third, due to the advantages of shared e-scooters in terrain and physical fitness, the user
group has expanded and changed significantly compared to shared bicycles. However, there is
still much potential to adapt to users aged middle-aged and above, including improving system
awareness, meeting complex lifestyle patterns, and eliminating safety concerns.

Fourth, we proposed a method to select models based on the simplicity of the model and to
expand the model based on the research goal, as well as a method to screen questionnaire
items to ensure that the questionnaire remains as concise as possible, thus improving question-
naire efficiency.

Finally, we acknowledge the limitations of this study in terms of data samples, random pref-
erence handling, and interpretation and prediction capabilities. We also suggest future
research directions.

Supporting information

S1 Data. Survey results dataset.
(XLSX)

S$1 File. Summary of scores by dimension.
(XLSX)

S2 File. Questionnaire template.
(DOCX)

Acknowledgments

We extend our heartfelt gratitude to the reviewers and editors for their invaluable comments
and suggestions, which have significantly enhanced the quality of this paper. We also express
our appreciation to our colleagues and friends for their unwavering support and constructive
feedback throughout the research process.

Author Contributions
Conceptualization: Xingjian Xue.
Data curation: Chenyue Lin.
Formal analysis: Chenyue Lin.
Investigation: Zhixuan Zhu.
Methodology: Xingjian Xue.
Project administration: Yue Luo.
Resources: Zhixuan Zhu.
Software: Chenyue Lin.
Supervision: Rui Song.
Validation: Yue Luo.

Writing - review & editing: Xingjian Xue, Rui Song.

PLOS ONE | https://doi.org/10.1371/journal.pone.0309953  September 9, 2024 21/25


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309953.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309953.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0309953.s003
https://doi.org/10.1371/journal.pone.0309953

PLOS ONE

Factors related to the intention of choosing shared E-scooters for metro transfer

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

McCollum DL, Wilson C, Bevione M, Carrara S, Edelenbosch OY, Emmerling J, et al. Interaction of con-
sumer preferences and climate policies in the global transition to low-carbon vehicles. Nature Energy.
2018; 3(8):664—73.

Baké B, Berezvai Z, Isztin P, Vigh EZ. Does Uber affect bicycle-sharing usage? Evidence from a natural
experiment in Budapest. Transportation research part A: policy and practice. 2020; 133:290-302.

Sareen S, Remme D, Haarstad H. E-scooter regulation: The micro-politics of market-making for micro-
mobility in Bergen. Environmental Innovation and Societal Transitions. 2021; 40:461-73. https://doi.
org/10.1016/j.eist.2021.10.009 WOS:000711199600002.

Li C, Xiao W, Zhang D, Ji Q. Low-carbon transformation of cities: Understanding the demand for dock-
less bike sharing in China. Energy Policy. 2021; 159:112631.

Ma Q, XinY, Yang H, Xie K. Connecting metros with shared electric scooters: Comparisons with shared
bikes and taxis. Transportation Research Part D-Transport and Environment. 2022;109. https://doi.org/
10.1016/).trd.2022.103376 WOS:000861632400007.

Zou Z, Younes H, Erdogan S, Wu J. Exploratory Analysis of Real-Time E-Scooter Trip Data in Washing-
ton, DC. Transportation Research Record. 2020; 2674(8):285-99. https://doi.org/10.1177/
0361198120919760 WOS:000535516800001.

Zhao P, Yuan D, Zhang Y. The Public Bicycle as a Feeder Mode for Metro Commuters in the Megacity
Beijing: Travel Behavior, Route Environment, and Socioeconomic Factors. Journal of Urban Planning
and Development. 2022; 148(1). https://doi.org/10.1061/(asce)up.1943-5444.0000785
WOS:000742132300035.

LiuY, ChenJ, Wu W, Ye J. Typical Combined Travel Mode Choice Utility Model in Multimodal Transpor-
tation Network. Sustainability. 2019; 11(2). https://doi.org/10.3390/su11020549
WOS:000457129900253.

de Haas M, Kroesen M, Chorus C, Hoogendoorn-Lanser S, Hoogendoorn S. E-bike user groups and
substitution effects: evidence from longitudinal travel data in the Netherlands. Transportation. 2022; 49
(3):815—-40. https://doi.org/10.1007/s11116-021-10195-3 WOS:000648819200001.

Narayanan S, Antoniou C. Shared mobility services towards Mobility as a Service (MaaS): What, who
and when? Transportation research part A: policy and practice. 2023; 168:103581.

Piras F, Sottile E, Tuveri G, Meloni I. Could psychosocial variables help assess pro-cycling policies?
Transportation research part A: policy and practice. 2021; 154:108-28.

van Kuijk RJ, Correia GHdA, van Oort N, van Arem B. Preferences for first and last mile shared mobility
between stops and activity locations: A case study of local public transport users in Utrecht, the Nether-
lands. Transportation Research Part a-Policy and Practice. 2022; 166:285-306. https://doi.org/10.
1016/j.tra.2022.10.008 WOS:000886627200002.

Carroll P. Perceptions of Electric Scooters Prior to Legalisation: A Case Study of Dublin, Ireland, the
"Final Frontier’ of Adopted E-Scooter Use in Europe. Sustainability. 2022; 14(18). https://doi.org/10.
3390/su141811376 WOS:000856795000001.

Plazier P. E-bikes in rural areas: current and potential users in the Netherlands. Transportation. 2023;
50(4):1449-70. https://doi.org/10.1007/s11116-022-10283-y WOS:000837515200002.

Simsekoglu O, Kldckner C. Factors related to the intention to buy an e-bike: A survey study from Nor-
way. Transportation research part F: traffic psychology and behaviour. 2019; 60:573-81.

Fan A, Chen X, Wang Y, Kou W. All-stop, skip-stop, or transfer service: an empirical study on prefer-
ences of bus passengers. let Intelligent Transport Systems. 2018; 12(10):1255-63. https://doi.org/10.
1049/iet-its.2018.5213 WOS:000451137200008.

GuoD, Yao E, Liu S, Chen R, Hong J, Zhang J. Exploring the role of passengers’ attitude in the integra-
tion of dockless bike-sharing and public transit: A hybrid choice modeling approach. Journal of Cleaner
Production. 2023;384. https://doi.org/10.1016/j.jclepro.2022.135627 WOS:000910898600001.

Can VV. Estimation of travel mode choice for domestic tourists to Nha Trang using the multinomial
probit model. Transportation Research Part a-Policy and Practice. 2013; 49:149-59. https://doi.org/10.
1016/j.tra.2013.01.025 WOS:000317441400012.

Tuli FM, Mitra S, Crews MB. Factors influencing the usage of shared E-scooters in Chicago. Transpor-
tation Research Part a-Policy and Practice. 2021; 154:164—-85. https://doi.org/10.1016/j.tra.2021.10.
008 WOS:000749882100009.

Ye M, Zeng S, Yang G, Chen Y. Identification of contributing factors on travel mode choice among dif-
ferent resident types with bike-sharing as an alternative. let Intelligent Transport Systems. 2020; 14
(7):639—-46. https://doi.org/10.1049/iet-its.2019.0581 WOS:000545971300002.

PLOS ONE | https://doi.org/10.1371/journal.pone.0309953  September 9, 2024 22/25


https://doi.org/10.1016/j.eist.2021.10.009
https://doi.org/10.1016/j.eist.2021.10.009
https://doi.org/10.1016/j.trd.2022.103376
https://doi.org/10.1016/j.trd.2022.103376
https://doi.org/10.1177/0361198120919760
https://doi.org/10.1177/0361198120919760
https://doi.org/10.1061/%28asce%29up.1943-5444.0000785
https://doi.org/10.3390/su11020549
https://doi.org/10.1007/s11116-021-10195-3
https://doi.org/10.1016/j.tra.2022.10.008
https://doi.org/10.1016/j.tra.2022.10.008
https://doi.org/10.3390/su141811376
https://doi.org/10.3390/su141811376
https://doi.org/10.1007/s11116-022-10283-y
https://doi.org/10.1049/iet-its.2018.5213
https://doi.org/10.1049/iet-its.2018.5213
https://doi.org/10.1016/j.jclepro.2022.135627
https://doi.org/10.1016/j.tra.2013.01.025
https://doi.org/10.1016/j.tra.2013.01.025
https://doi.org/10.1016/j.tra.2021.10.008
https://doi.org/10.1016/j.tra.2021.10.008
https://doi.org/10.1049/iet-its.2019.0581
https://doi.org/10.1371/journal.pone.0309953

PLOS ONE

Factors related to the intention of choosing shared E-scooters for metro transfer

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Gan Z, Yang M, Zeng Q, Timmermans HJP. Associations between built environment, perceived walk-
ability/ bikeability and metro transfer patterns. Transportation Research Part a-Policy and Practice.
2021; 153:171-87. https://doi.org/10.1016/j.tra.2021.09.007 WOS:000703906400011.

Li W, Kamargianni M. Providing quantified evidence to policy makers for promoting bike-sharing in
heavily air-polluted cities: A mode choice model and policy simulation for Taiyuan-China. Transportation
Research Part a-Policy and Practice. 2018; 111:277-91. https://doi.org/10.1016/.tra.2018.01.019
WOS:000433265100021.

BiH, Ye Z, Zhang Y. Analysis of the Integration Usage Patterns of Multiple Shared Mobility Modes and
Metro System. Transportation Research Record. 2021; 2675(10):876-94. https://doi.org/10.1177/
03611981211013351 WOS:000684316000001.

Faber RM, Jonkeren O, de Haas MC, Molin EJE, Kroesen M. Inferring modality styles by revealing
mode choice heterogeneity in response to weather conditions. Transportation Research Part a-Policy
and Practice. 2022; 162:282-95. https://doi.org/10.1016/j.tra.2022.06.003 WOS:000824476400002.

Ha J, Lee S, Ko J. Unraveling the impact of travel time, cost, and transit burdens on commute mode
choice for different income and age groups. Transportation Research Part a-Policy and Practice. 2020;
141:147-66. https://doi.org/10.1016/j.tra.2020.07.020 WOS:000587811600010.

Grise E, EI-Geneidy A. Transferring Matters: Analysis of the Influence of Transfers on Trip Satisfaction.
Transportation Research Record. 2019; 2673(9):254—65. https://doi.org/10.1177/0361198119844964
WOS:000489318100023.

Yin C, Wang X, Shao C, Ma J. Exploring the Relationship between Built Environment and Commuting
Mode Choice: Longitudinal Evidence from China. International Journal of Environmental Research and
Public Health. 2022; 19(21). https://doi.org/10.3390/ijerph192114149 WOS:000881152200001. PMID:
36361027

YuY,Jiang Y, Qiu N, Guo H, Han X, Guo Y. Exploring built environment factors on e-bike travel behav-
ior in urban China: A case study of Jinan. Frontiers in Public Health. 2022; 10. https://doi.org/10.3389/
fpubh.2022.1013421 W0OS:000884401800001. PMID: 36172205

Acharjee A, Sarkar PP. Influence of attitude on bicycle users and non-users: A case study of Agartala
City, India. Transportation Research Part D-Transport and Environment. 2021; 97. https://doi.org/10.
1016/j.trd.2021.102905 WOS:000687269900009.

Fernandez-Heredia A, Monzon A, Jara-Diaz S. Understanding cyclists’ perceptions, keys for a success-
ful bicycle promotion. Transportation Research Part a-Policy and Practice. 2014; 63:1—11. https://doi.
org/10.1016/j.tra.2014.02.013 WOS:000336343900001.

Zhou X, Ji Y, Yuan Y, Zhang F, An Q. Spatiotemporal characteristics analysis of commuting by shared
electric bike: A case study of Ningbo, China. Journal of Cleaner Production. 2022;362. https://doi.org/
10.1016/j.jclepro.2022.132337 WOS:000810028100005.

Orvin MM, Bachhal JK, Fatmi MR. Modeling the Demand for Shared E-Scooter Services. Transporta-
tion Research Record. 2022; 2676(3):429—42. https://doi.org/10.1177/03611981211051620
WOS:000710977900001.

Li W, Kamargianni M. An Integrated Choice and Latent Variable Model to Explore the Influence of Attitu-
dinal and Perceptual Factors on Shared Mobility Choices and Their Value of Time Estimation. Transpor-
tation Science. 2020; 54(1):62—83. https://doi.org/10.1287/trsc.2019.0933 WOS:000514210800004.

Ingvardson JB, Thorhauge M, Kaplan S, Nielsen OA, Raveau S. Incorporating psychological needs in
commute mode choice modelling: a hybrid choice framework. Transportation. 2022; 49(6):1861-89.
https://doi.org/10.1007/s11116-021-10230-3 WOS:000696758500001.

AiY, Li Z, Gan M. A solution to measure traveler’s transfer tolerance for walking mode and dockless
bike-sharing mode. Journal of Supercomputing. 2019; 75(6):3140-57. https://doi.org/10.1007/s11227-
017-2211-7 WOS:000468115400012.

Rashidi M, Seyedhosseini S-M, Naderan A. Defining Psychological Factors of Cycling in Tehran City.
Sustainability. 2023; 15(4). https://doi.org/10.3390/su15043264 WOS:000941491400001.

Tzouras PG, Mitropoulos L, Koliou K, Stavropoulou E, Karolemeas C, Antoniou E, et al. Describing
Micro-Mobility First/Last-Mile Routing Behavior in Urban Road Networks through a Novel Modeling
Approach. Sustainability. 2023; 15(4). https://doi.org/10.3390/su15043095 WOS:000942131300001.

LiZ, Zeng J. Increasing relative risk taking in a choice context with source-dependent travel time risks.
Transportation. 2023; 50(6):2441-60. https://doi.org/10.1007/s11116-022-10316-6
WOS:000838464100001.

Oviedo-Trespalacios O, Rubie E, Haworth N. Risky business: Comparing the riding behaviours of food
delivery and private bicycle riders. Accident; analysis and prevention. 2022; 177:106820—. https://doi.
org/10.1016/j.aap.2022.106820 MEDLINE: PMID: 36108421.

PLOS ONE | https://doi.org/10.1371/journal.pone.0309953  September 9, 2024 23/25


https://doi.org/10.1016/j.tra.2021.09.007
https://doi.org/10.1016/j.tra.2018.01.019
https://doi.org/10.1177/03611981211013351
https://doi.org/10.1177/03611981211013351
https://doi.org/10.1016/j.tra.2022.06.003
https://doi.org/10.1016/j.tra.2020.07.020
https://doi.org/10.1177/0361198119844964
https://doi.org/10.3390/ijerph192114149
http://www.ncbi.nlm.nih.gov/pubmed/36361027
https://doi.org/10.3389/fpubh.2022.1013421
https://doi.org/10.3389/fpubh.2022.1013421
http://www.ncbi.nlm.nih.gov/pubmed/36172205
https://doi.org/10.1016/j.trd.2021.102905
https://doi.org/10.1016/j.trd.2021.102905
https://doi.org/10.1016/j.tra.2014.02.013
https://doi.org/10.1016/j.tra.2014.02.013
https://doi.org/10.1016/j.jclepro.2022.132337
https://doi.org/10.1016/j.jclepro.2022.132337
https://doi.org/10.1177/03611981211051620
https://doi.org/10.1287/trsc.2019.0933
https://doi.org/10.1007/s11116-021-10230-3
https://doi.org/10.1007/s11227-017-2211-7
https://doi.org/10.1007/s11227-017-2211-7
https://doi.org/10.3390/su15043264
https://doi.org/10.3390/su15043095
https://doi.org/10.1007/s11116-022-10316-6
https://doi.org/10.1016/j.aap.2022.106820
https://doi.org/10.1016/j.aap.2022.106820
http://www.ncbi.nlm.nih.gov/pubmed/36108421
https://doi.org/10.1371/journal.pone.0309953

PLOS ONE

Factors related to the intention of choosing shared E-scooters for metro transfer

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

De Vos J. Satisfaction-induced travel behaviour. Transportation research part F: traffic psychology and
behaviour. 2019; 63:12-21.

Abou-Zeid M, Ben-Akiva M. The effect of social comparisons on commute well-being. Transportation
Research Part a-Policy and Practice. 2011; 45(4):345-61. https://doi.org/10.1016/j.tra.2011.01.011
WOS:000289396800010.

Abenoza RF, Liu C, Cats O, Susilo YO. What is the role of weather, built-environment and accessibility
geographical characteristics in influencing travelers’ experience? Transportation research part A: policy
and practice. 2019; 122:34-50.

Gebhart K, Noland RB. The impact of weather conditions on bikeshare trips in Washington, DC. Trans-
portation. 2014; 41(6):1205-25. https://doi.org/10.1007/s11116-014-9540-7 WOS:000344398800005.

Zhao J, Guo C, Zhang R, Guo D, Palmer M. Impacts of weather on cycling and walking on twin trails in
Seattle. Transportation Research Part D-Transport and Environment. 2019; 77:573-88. https://doi.org/
10.1016/).trd.2019.09.022 WOS:000503099300040.

Ma L, Xiong H, Wang Z, Xie K. Impact of weather conditions on middle school students’ commute mode
choices: Empirical findings from Beijing, China. Transportation Research Part D-Transport and Environ-
ment. 2019; 68:39-51. https://doi.org/10.1016/j.trd.2018.05.008 WOS:000466455900005.

Nordbakke STD, Olsen S. Who are most likely to adapt their travel behaviour to changes in weather
conditions? A study of weather tolerance and travel behaviour in Norway. European Journal of Sustain-
able Development. 2019; 8(1):69-69.

Meshram A, Choudhary P, Velaga NR. Assessing and modelling perceived safety and comfort of
women during ridesharing. Transportation research procedia. 2020; 48:2852—-69.

XinF, ChenY, Ye Y. Understanding Electric Bicycle Users’ Mode Choice Preference under Uncertainty:
A Case Study of Shanghai. Sustainability. 2022; 14(2). https://doi.org/10.3390/su14020925
WOS:000750557700001.

Motoaki Y, Daziano RA. A hybrid-choice latent-class model for the analysis of the effects of weather on
cycling demand. Transportation Research Part a-Policy and Practice. 2015; 75:217-30. https://doi.org/
10.1016/j.tra.2015.03.017 WOS:000354589000015.

Wu J, Liao H. Weather, travel mode choice, and impacts on subway ridership in Beijing. Transportation
research part A: policy and practice. 2020; 135:264—79.

Cools M, Creemers L. The dual role of weather forecasts on changes in activity-travel behavior. Journal
of Transport Geography. 2013; 28:167-75.

Kaplan S, Manca F, Nielsen TAS, Prato CG. Intentions to use bike-sharing for holiday cycling: An appli-
cation of the Theory of Planned Behavior. Tourism Management. 2015; 47:34—46.

Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technol-
ogy. MIS quarterly. 1989:319—-40.

Venkatesh V, Davis FD. A theoretical extension of the technology acceptance model: Four longitudinal
field studies. Management science. 2000; 46(2):186—204.

Venkatesh V, Bala H. Technology acceptance model 3 and a research agenda on interventions. Deci-
sion sciences. 2008; 39(2):273-315.

Shen X, Chang M. Choice Behavioral Model of Shared Bicycle: An Empirical Study Based on SEM.
Wireless Personal Communications. 2020; 110(1):309-19. https://doi.org/10.1007/s11277-019-06728-
w WOS:000511489800019.

Campbell AA, Cherry CR, Ryerson MS, Yang X. Factors influencing the choice of shared bicycles and
shared electric bikes in Beijing. Transportation Research Part C-Emerging Technologies. 2016;
67:399-414. https://doi.org/10.1016/j.trc.2016.03.004 WOS:000377734400023.

Weschke J, Oostendorp R, Hardinghaus M. Mode shift, motivational reasons, and impact on emissions
of shared e-scooter usage. Transportation Research Part D-Transport and Environment. 2022;112.
https://doi.org/10.1016/j.trd.2022.103468 WOS:000876896400005.

Li X, Han C, Huang H, Pervez A, Xu G, Hu C, et al. Pursuing higher acceptability and compliance for
electric two-wheeler standardization policy in China: The importance of socio-demographic characteris-
tics, psychological factors, and travel habits. Transportation Research Part a-Policy and Practice. 2023;
167. https://doi.org/10.1016/j.tra.2022.11.017 WOS:000900038800004.

Kim D, Ko J, Park Y. Factors affecting electric vehicle sharing program participants’ attitudes about car
ownership and program participation. Transportation Research Part D-Transport and Environment.
2015; 36:96—106. https://doi.org/10.1016/j.trd.2015.02.009 WOS:000353742400010.

ChenL, ZhaoY, Liu Z, Yang X. Construction of Commuters’ Multi-Mode Choice Model Based on Public
Transport Operation Data. Sustainability. 2022; 14(22). https://doi.org/10.3390/su142215455
WOS:000887602400001.

PLOS ONE | https://doi.org/10.1371/journal.pone.0309953  September 9, 2024 24/25


https://doi.org/10.1016/j.tra.2011.01.011
https://doi.org/10.1007/s11116-014-9540-7
https://doi.org/10.1016/j.trd.2019.09.022
https://doi.org/10.1016/j.trd.2019.09.022
https://doi.org/10.1016/j.trd.2018.05.008
https://doi.org/10.3390/su14020925
https://doi.org/10.1016/j.tra.2015.03.017
https://doi.org/10.1016/j.tra.2015.03.017
https://doi.org/10.1007/s11277-019-06728-w
https://doi.org/10.1007/s11277-019-06728-w
https://doi.org/10.1016/j.trc.2016.03.004
https://doi.org/10.1016/j.trd.2022.103468
https://doi.org/10.1016/j.tra.2022.11.017
https://doi.org/10.1016/j.trd.2015.02.009
https://doi.org/10.3390/su142215455
https://doi.org/10.1371/journal.pone.0309953

PLOS ONE

Factors related to the intention of choosing shared E-scooters for metro transfer

62.

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.
73.

74.

75.

76.

Ibrahim ANH, Borhan MN, Yazid MRM, Rahmat RA, Yukawa S. Factors Influencing Passengers’ Satis-
faction with the Light Rail Transit Service in Alpha Cities: Evidence from Kuala Lumpur, Malaysia Using
Structural Equation Modelling. Mathematics. 2021; 9(16). https://doi.org/10.3390/math9161954
WOS:000690569900001.

Cai S, Xu Y. Effects of outcome, process and shopping enjoyment on online consumer behaviour. Elec-
tronic Commerce research and applications. 2006; 5(4):272—-81.

Perju-Mitran A, Zirra D, Carutasu G, Pirjan A, Stanica J-L. Applying the Technology Acceptance Model
to Assess the Intention to Use an Aftermarket eCall Based on 112 Device for Passenger Vehicles to
Ensure Sustainable Rescue Operations on European Roads. Sustainability. 2020; 12(22). https://doi.
org/10.3390/su12229488 WOS:000594568400001.

Yin J, Cao XJ, Huang X. Association between subway and life satisfaction: Evidence from Xi'an, China.
Transportation Research Part D: Transport and Environment. 2021; 96:102869.

LiL, LvY, Ji K, Wu B. Evaluation of Public Transportation Service Quality Based on the Gap Model.
Journal of Transportation Engineering. 2017.

Zhou J, LiZ, Dong S, Sun J, Zhang Y. Visualization and bibliometric analysis of e-bike studies: A sys-
tematic literature review (1976—2023)1. Transportation Research Part D-Transport and Environment.
2023; 122. https://doi.org/10.1016/j.trd.2023.103891 WOS:001069728200001.

Wixom BH, Todd PA. A theoretical integration of user satisfaction and technology acceptance. Informa-
tion systems research. 2005; 16(1):85—102.

Mobility Songguo. 2023 Shared Electric Vehicle Riding Report. 2023.

Teo TS, Srivastava SC, Jiang L. Trust and electronic government success: An empirical study. Journal
of management information systems. 2008; 25(3):99—-132.

Hair J Jr, Hair JF Jr, Hult GTM, Ringle CM, Sarstedt M. A primer on partial least squares structural equa-
tion modeling (PLS-SEM): Sage publications; 2021.

Geiser S. A predictive approach to the random effects model. Biometrika. 1974; 61:101—7.

Fornell C, Larcker DF. Evaluating structural equation models with unobservable variables and measure-
ment error. Journal of marketing research. 1981; 18(1):39-50.

Tenenhaus M, Vinzi VE, Chatelin Y-M, Lauro C. PLS path modeling. Computational statistics & data
analysis. 2005; 48(1):159-205.

Burke MI. Are Cycle Centers Effective Transport Interventions? Evaluating King George Square Cycle
Center in Brisbane, Australia. Transportation Research Record. 2011;(2247):118-25. https://doi.org/
10.3141/2247-14 WOS:000299360500015.

Pucher J, Buehler R. Why Canadians cycle more than Americans: a comparative analysis of bicycling
trends and policies. Transport Policy. 2006; 13(3):265—79.

PLOS ONE | https://doi.org/10.1371/journal.pone.0309953  September 9, 2024 25/25


https://doi.org/10.3390/math9161954
https://doi.org/10.3390/su12229488
https://doi.org/10.3390/su12229488
https://doi.org/10.1016/j.trd.2023.103891
https://doi.org/10.3141/2247-14
https://doi.org/10.3141/2247-14
https://doi.org/10.1371/journal.pone.0309953

