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This study offers a thorough investigation into shared electric bicycles (E-bikes) 
and their role as a key element in advancing sustainable transportation within 
smart cities. Previous studies have predominantly employed the Technology 
Acceptance Model (TAM) or the Theory of Planned Behavior (TPB) to investigate user 
acceptance, yet few have integrated both frameworks to explore how environmental 
objectives—such as net-zero emissions (NZE)—influence behavioral intention in 
smart cities. To address this limitation, the present study incorporates key variables 
including subjective norms (SN), perceived usefulness (PU), user attitudes (ATU), 
and perceived behavioral control (PBC), while introducing NZE as a factor in user 
behavior analysis. Data were collected from 298 urban residents aged 18–54 via 
an online questionnaire. Structural equation modeling analysis was conducted 
to examine the relationships among SN, PU, ATU, PBC, and NZE. The results 
showed that SN significantly predicted PU, which confirm the strong influence 
of social factors on user perceptions. PU stands as a mediating variable, and it 
significantly influenced users’ ATU and NZE, which reflected that users highly 
value the convenience and environmental benefits of shared e-bikes. In addition, 
PU is a key factor in users’ understanding and adoption of NZE, demonstrating 
that a well-designed shared e-bike system can enhance environmental sensitivity 
and awareness of green behavior. Furthermore, NZE exerted a significant positive 
impact on PBC, indicating that greater environmental awareness enhances users’ 
sense of behavioral control, thereby actively motivating them to opt for shared 
e-bikes. These findings provides empirical evidence and strategic directions for 
policymakers and urban planners: by strengthening social advocacy, optimizing 
system usefulness design, and guiding environmental awareness through green 
policies, cities can more effectively encourage the adoption of shared electric 
bicycles in smart urban environments.
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1 Introduction

Transportation contributes most to city air quality (Yang et al., 
2015), which influences animals in the region, climate, and city 
environment (Makido et al., 2012). Since sharing economy has a 
positive impact on transportation (Standing et al., 2019), and bicycles 
can be environmentally friendly, cost-effective, and convenient for 
short-distance trips, shared bicycles emerged and gained acceptance 
in cities (Ricci, 2015). The shared bicycle system can replace long-
distance walking and short-distance car travel, effectively reducing 
congestion on urban roads (Samet et al., 2018). Bicycling is an active 
mode of mobility, an important topic for sustainable city 
transportation (Cruz and Paulino, 2022). Electric bicycles (E-bikes) 
enhance the advantages of traditional bikes with a smoother 
experience and ability to travel longer distances (Kazemzadeh and 
Ronchi, 2022). Studies have shown that commuting with electric 
bicycles is pleasant and useful to many people (Jones et al., 2016). 
Electric bicycles offer a freer way of traveling to people with 
individual capability and mobility limitation (MacArthur et  al., 
2017). It has even convinced families to be  car-free families. So, 
shared electric bicycles have emerged (Galatoulas et al., 2020). Shared 
E-Bikes are slowly spreading and becoming a routine in most 
countries of the world (Campbell et al., 2016). City transformation 
into smart cities has a major correlation with shared electric bicycle 
service mode and added technology and features (Zhang et  al., 
2021a). Research findings show that if the shared electric bicycle 
service mode has been introduced, it can reduce CO2 emissions, 
reduce noise in the city, and be  an auxiliary means for city 
transportation (Pierce et  al., 2013). Shared e-bikes are a core 
component of global decarbonization of transport, reducing carbon 
emissions and realizing the NZE target (Küfeoğlu, 2024). As a 
connected transport mode in a smart city, e-bikes generate vast traffic 
and user information. These pieces of information have the potential 
to enable city managers to plan transport infrastructure better, 
dynamically assign resources based on demand, and continuously 
enhance the quality of urban mobility services (Junaid and Ferretti, 
2024). Research further indicates that electric bicycles can cut down 
substantially the amount of polluted air inhaled by cyclists while 
cycling (Sweeney et al., 2018). While electric bicycles have numerous 
advantages, studies have shown that cyclists still have a strong 
preference towards conventional bicycles compared to electric 
bicycles in external transport (MacArthur et al., 2017). In contrast, 
other research demonstrates that there is a strong correlation between 
frequency of cycling, favorable attitudes towards cycling, and 
availability of bicycles in households (Zhang et al., 2016). Nonetheless, 
despite the increasing availability of in-place schemes for E-bike 
sharing, minimal research has utilized an integrated combination of 
behavioral and technology acceptance models in examining user 
adoption in the special setting of smart cities (Li W, et al., 2023). 
While TAM and TPB have, respectively, prevailed in existing work in 
shaping user behavior, their integration to examine user behavior 
regarding sharing usage of electric bicycles in the context of smart 
cities is rather less common in current studies (Pan et al., 2022). 
Furthermore, few studies have addressed how total sustainability 
goals like net-zero emissions (NZE) affect individual-level behavior 
choices (Wilson and Whitmarsh, 2025). With the objective of filling 
these research gaps, this research presents an integrated TAM–TPB 
model with NZE as an environmental value factor aiming to capture 

holistically the behavioral, technological, and policy aspects of 
adoption of E-bike in smart-city settings.

Therefore, this study will discuss factors influencing users’ 
attitudes and perceptions towards shared electric bicycles through 
five dimensions: (1) SN, (2) PU, (3) ATU, (4) NZE, and (5) 
PBC. The rest of the paper is organized as follows: Section 2 
presents the hypothesis development and theoretical framework, 
including the research hypotheses and conceptual model. Section 
3 describes the research methods, covering the data collection 
procedures, questionnaire design, and analysis factors. Section 4 
reports the research results, including descriptive analysis, 
measurement model, and structural model including path 
analysis. Section 5 discusses the research results. Finally, Section 
6 summarizes the paper  and proposes directions for 
future research.

2 Hypothesis development and 
theoretical framework

There have been a number of pro-environmental behavior studies 
based on the Theory of Reasoned Action (TRA; Ajzen and Fishbein, 
1975) to analyze the behavioral intention of individuals, for instance, 
the effect of price volatility on consumers’ intention to buy 
environmentally friendly products (Rehman et  al., 2024). Some 
scholars have suggested that there are shortcomings in the theory and 
it cannot offer full explanation of people’s volitional behaviors (Kippax 
and Crawford, 1993). TPB was developed by American researchers 
Fishbein and Ajzen on the basis of TRA. It effectively addresses 
shortcomings and is predominantly used to predict and study human 
behavior (Ajzen, 1991).

Research has established that TPB components directly 
influence behavioral intentions (Tee et  al., 2023), testifying to 
their significant contribution in this area. Furthermore, the study 
(Duong et al., 2024) supports that TPB components, i.e., ATU, SN, 
and PBC, are determinants of behavior. Subjective norms tend to 
direct individual behavior, employing social relations to shape 
personal attitudes, moral norms, obligations, and duties to induce 
healthy behaviors (Arkorful, 2022). Attitude consists of 
“behavioral beliefs” and “outcome evaluations” and is combined 
with subjective norms to affect behavior intentions and actions (Li 
et al., 2020).

ATU, SN, and PBC were also utilized in the interpretation of the 
intention of the user to use shared bicycles within the same research 
study (Shakya et al., 2024), with a positive influence. The variables 
verify the application of TPB in shared E-bike research (Li et al., 2022).

TAM is a central theory for explaining and predicting the 
adoption of new technology and innovative solutions by users (Davis 
et al., 1989). The theory finds extensive applications in diverse research 
areas In a research on the adoption of e-government services among 
Indian urban citizens, researchers developed a Technology Acceptance 
Model that integrated the determinant of “preference,” thereby 
extending the application of the theory (Samuel et al., 2020) TAM is 
also widely applied in researching and examining attitudes toward 
modes of transportation (Li X, et al., 2023). The model has also been 
utilized in previous studies to predict the determinants of user 
attitudes (Teo et al., 2008). The current research employs ATU and PU, 
where PU and perceived ease of use (PEOU) together impact ATU.
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2.1 Research hypotheses

This study integrates TPB and TAM to examine how subjective 
norms (SN) influence perceived usefulness (PU; SN → PU), how PU 
influences user attitudes (ATU; PU → ATU), and how PU is also 
related to individuals’ awareness of net-zero emissions (NZE; 
PU → NZE), which further reinforces their perceived behavioral 
control (PBC) in utilizing shared E-bikes (NZE → PBC). Through 
these relationships firmly established, the model fills the gap between 
users’ technology perceptions and social factors and overall 
sustainability targets, providing a concrete analytical framework for 
the explanation of low-carbon transportation behavior.

SN highlights the role of the social environment in personal travel 
choices of sustainability (Shi and Jiang, 2023). SN are “the individual’s 
perception of the importance of others’ wishes or expectations for him 
or her to behave in a certain way” (Moan and Rise, 2006) and predict 
PU strongly. Previous studies prove that perceived social pressure has 
a strong influence on individual behavior (Choi and Chung, 2013). In 
the same scenarios, the same attributes exist: friend and family 
attitudes about shared E-bike use, social support for environmental 
and low-carbon travel, and peer prevalent adoption of low-carbon 
modes of travel are all significant points for personal travel choice. 
This concept is validated by research outcomes (Song et al., 2022b).

Accordingly, the first hypothesis (H1) is proposed as follows:

H1: Subjective norms(SN) positively influence perceived 
usefulness(PU).

TAM is an overarching theoretical model for explaining and 
predicting users’ acceptance of new technologies and innovative 
products (Davis et al., 1989). It has been used extensively in studies 
examining transportation mode perception (Li X, et al., 2023), and has 
been used widely for predicting determinants of user attitude (Teo 
et al., 2008). ATU and PU are central to the current study, with PU and 
perceived ease of use (PEOU) both influencing ATU. There are 
instances in the literature, however, that have established PU is more 
influential on behavioral intentions than PEOU (Ariff et al., 2012). In 
the literature, it is established that people’s PU and PBC of shared 
E-bike services have a positive influence on people’s actual usage 
behavior (Song et al., 2022a). Attitudinally, there are some studies that 
have examined people’s identification with and perception of shared 
E-bike services (Bardi et al., 2019), and it is established that positive 
attitude is associated with the perception the travel mode provides a 
pleasant experience and accommodates short-distance travel needs 
(Su et al., 2024).

The current research investigates users’ responses to the PU of 
e-bike products, where PU shapes their ATU toward adopting shared 
e-bikes.

Thus, this study proposed the second and third hypothesis as follows:

H2: Perceived usefulness(PU) positively influences user 
attitudes(ATU).

The research integrates environmental issues into bicyle-sharing 
studies, considering how the acceptance and use rates of shared bicycle 
users can be enhanced (Zhu et al., 2020). Existing literature confirms 
that perceived usefulness exerts a great influence on individuals’ 
pro-environmental intentions and behaviors (Rezvani et  al., 2015). 

Moreover, shared electric bicycles are widely accepted as a convenient 
low-carbon way of transportation to accelerate urban decarbonization 
(Cherry et al., 2009). Therefore, the more useful users perceive shared 
E-bikes to be, the more they are likely to believe in the role played by 
such services in achieving net-zero emissions. NZE is a condition where 
the amount of greenhouse gases emitted into the atmosphere is equal 
to the amount removed from the atmosphere (Wang and Priyadarshi, 
2024). Empirical studies of this nature also study how users’ level of 
environmental concern relates to their respective behavior. It illustrates 
that environmental concern is a strong predictor of such behavior, 
including “Lifestyle Transition” elements in the context of net zero 
emission (Daziano and Bolduc, 2013). Additionally, related studies have 
stated that individuals’ knowledge about global warming and green 
issues, and identification of low-carbon modes of travel, have a positive 
effect on the choice of green modes of transportation (Ogunbode et al., 
2019). In the assumed model, NZE acts as an important mediator 
between PU and PBC. That is, the model considers how users’ 
perceptions of the usefulness of shared electric bicycles enable their 
perception of NZE. Such greater environmental value, in turn, enhances 
users’ perceived behavioral control over shared E-bike use, making their 
decision process in favor of low-carbon travel behavior easier.

Notably, personal eco-awareness impacts the preference for 
electric bicycle travel, as a strong sense of environmental responsibility 
encourages the adoption of zero-emission modes (Bai et al., 2020). 
Thus, this study proposed the fourth hypothesis as follows:

H3: Perceived usefulness(PU) positively impacts the concept of 
net zero emissions(NZE).

H4: Net zero emission(NZE) positively influences perceived 
behavioral control(PBC).

2.2 The conceptual model

Based on the above review and hypotheses, this research applies 
Structural Equation Modeling (SEM) to examine the determinants of 
shared electric bicycle users’ ATU and PBC. To this purpose, the 
integration of TAM and TPB is employed to develop an explanatory 
model of user behavior. As TAM concentrates on users’ cognitive 
beliefs regarding technology emphasizing PU and ATU, TPB 
emphasizes social and psychological factors such as SN and PBC. With 
the application of the two frameworks’ combination, the model 
examines technological acceptance and social influence determinants 
concurrently, which are crucial to consider to explain behavioral 
intentions in shared electric bicycle use in smart cities. The integrative 
model captures the complex interplay between individual judgments 
of technological effectiveness and the immediate social setting, thus 
enhancing explanatory power for low-carbon mobility behavior. 
Figure 1 illustrates the conceptual framework of the study:

The research is on sustainable transportation means in smart city 
urban planning focusing on shared e-bike systems. The research will 
cover the following perspective:

	 1	 Attitude (ATU): This involves the comments on individual 
acceptance and expectation of standard e-bike services and 
attitudes towards their usefulness for short trips and delivering 
an acceptable experience.
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	 2	 Subjective Norm (SN): This part discusses the influence of 
friends, family, and societal norms on using shared e-bike 
services, emphasizing the role of environmental advocacy and 
low-carbon travel practices.

	 3	 Net Zero Emissions Value (NZE): Addresses the impact of 
net-zero emissions goals on choosing green transportation 
options, considering global warming and the importance of 
reducing carbon emissions.

	 4	 Perceived Usefulness (PU): Focuses on the perceived benefits 
of shared e-bike services, such as cost-effectiveness compared 
to other transport modes, fulfilling travel needs, reducing air 
pollution, and offering diverse travel options.

	 5	 Perceived Behavioral Control (PCB): Individual readiness to 
choose common e-bike services for short trips, freedom of 
using the services, adequacy of city traffic conditions for 
e-bikes, and the individual’s capability (time and energy) to use 
e-bikes.

The study aims to utilize structural equation modeling to better 
comprehend the complex relationships of these variables and how 
they quantify influence toward sustainable travel behavior. The 
findings of the research will be an addition to sustainable transport 
research and the achievement of SDG Goal 13.

3 Methodology

3.1 Data collection

The anonymous online survey consisted of a sample size of 505. 
The questionnaire was released mainly via the third-party website 
“Wenjuanxing,” a large and reputed internet surveying site, and 

specifically targeted respondents in coastal cities, followed by inland 
cities. In order to ensure the quality of the data, questionnaires 
containing conflicting responses (including reverse-coded questions) 
or with inappropriately short completion times were screened out. The 
resultant dataset consisted of 298 valid questionnaires, with an 
effective response rate of about 59%.

A 7-point Likert scale was applied to all the questionnaire items 
except gender and age group, which were asked for separately. To 
avoid bias or psychological harm, all the questionnaire items were 
specially phrased to avoid suggestive information or wording that 
would lead to distress, adhering strictly to the academic ethical norms. 
The Declaration of Helsinki ethical guidelines (World Medical 
Association, 2013) were upheld in this study, prioritizing the 
protection of participants’ rights and welfare.

3.2 Analysis factors and questionaire

This study adopts a questionnaire survey method with questions 
modified from the research questionnaires of the studies of Li X, et al. 
(2023) to identify factors influencing individuals’ ATU for riding 
shared E-bikes and their PBC. In this study, the result of the survey 
questions captured data on five observation variables: subjective 
norms (SN), perceived usefulness (PU), attitudes (ATU), net zero 
emission (NZE), and perceived behavioral control (PBC). The socio-
demographic information, respondents’ gender, and age were also 
captured in the data collection. The analysis factors and questionnaire 
structure for conducting this study are in Table 1.

The survey collected information on individuals’ attitudes towards 
shared electric bicycles and net zero emissions. The final survey had 
17 questions, and each of these questions was rated on a 7-point Likert 
scale, from 1 as ‘Strongly Disagree’ to 7 as ‘Strongly Agree’. An 

FIGURE 1

Conceptual model for TPB and TAM integration.
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introduction was given to explain shared electric bicycles and net zero 
emissions so that the respondents could understand the special 
meanings of the research’s most important observational variables.

4 Results

This study employed covariance-based Structural Equation 
Modeling (CB-SEM) with AMOS 22.0 for rigorous testing and 
verification of the proposed theoretical model. CB-SEM is best suited 
to test high methodological rigor relationships between latent 
constructs because it provides rich model fit indices and measurement 
error corrections. Given that this study seeks to test various causal 
effects between the extended TAM, the NZE factor, and TPB 
constructs, the use of AMOS enables simultaneous estimation of 
complex interrelationships and testing of the general model fit. In this 
case, therefore, the use of CB-SEM contributes to the accuracy of the 
analysis and enhances the reliability and validity of the 
empirical findings.

4.1 Questionnaire survey and data

The study was conducted anonymously online with a total of 505 
participants. The final dataset comprised 298 valid responses. 
Regarding demographics, 24.50% of the respondents were aged 18–24, 
40.60% were between 25 and 34, 28.50% were aged 35–44, 6.00% were 
between 45 and 54, and 0.40% were aged 55 and above. These results 
indicate that the sample predominantly represents young and middle-
aged groups who tend to be more engaged with sustainable mobility 

topics. In terms of gender, 49.72% of the respondents were male and 
50.28% were female, indicating a balanced distribution. Furthermore, 
the final sample size (n = 298) exceeded the commonly recommended 
minimum standard of 5–10 respondents per project (Hair et al., 2013), 
meeting the basic requirements for conducting CB-SEM using AMOS 
(Table 2).

4.2 Measurement model

The study applied Structural Equation Modeling (SEM) in 
measuring and testing the structural model through the Maximum 
Likelihood Estimation (MLE) procedure (Kline, 2023).

All the items possess standardized factor loadings greater than the 
suggested value of 0.70, which means that every one of the observed 
variables is capturing its respective construct well (Fornell and 
Larcker, 1981). Furthermore, Composite Reliability (CR) for all of the 
constructs is considerably greater than the cutoff value of 0.70, and the 
Average Variance Extracted (AVE) values for all are greater than the 
widely accepted cut-off value of 0.50. All these results confirm that the 
instrument possesses good convergent validity and internal 
consistency. On the whole, the final format of the questionnaire is in 
tune with the foregoing theoretical conceptualization and hypotheses, 
in favor of the adequacy of the measurement model employed to this 
study (Table 3).

The measurement model possessed adequate descriptive statistical 
characteristics for all of the observed variables that were associated 
with their respective latent constructs. In other words, the item means 
were between 4.25 and 4.51, indicating overall positive participant 
responses to the measurement constructs. The standard deviations 

TABLE 1  Measurement items and questions for each dimension.

Dimension Item Question

1. Attitude (ATU)
ATU1 I am looking forward to the shared e-bike service

ATU2 I think the provision of shared e-bike services can help me complete short-distance purposes

2. Subjective Norm (SN)

SN1 My friends and family’s attitudes towards shared e-bike services will affect my use of the services

SN2 Most people around me use low carbon dioxide travel

SN3
The environmental protection and low-carbon dioxide transportation advocated by society make me use shared e-bike 

services

SN4 Someone once preached to me about traveling in a low-carbon dioxide and environmentally friendly way

3. Net Zero Emissions Value 

(NZE)

NZE1 Net zero emissions guide me to choose green travel

NZE2
Considering global warming, I think energy conservation, emission reduction, and low-carbon dioxide travel are the right 

choices

NZE3 I think we should do our part to reduce carbon dioxide emissions

NZE4
I often pay attention to environmental issues, and I feel worried when I hear about serious environmental problems caused by 

carbon dioxide emissions

4. Perceived Usefulness (PU)

PU1 I think shared e-bike services are cheaper than other forms of transportation

PU2 I think shared e-bike services can fully satisfy

PU3 I think shared e-bike services can reduce air pollution

PU4 I think the shared e-bike service has enriched my travel options

5. Perceived Behavioral Control 

(PBC)

PBC1 The use of shared e-bike services is entirely at my discretion

PBC2 The traffic conditions in my city are suitable for shared e-bike travel

PBC3 I have enough energy and time to use a shared e-bike to travel
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were moderate, and they captured adequate variances in responses 
that allow valid data analysis. The skewness and kurtosis measures of 
all of the items fell within the conventional ±1 threshold, indicating 
nearly normality of the data and satisfying normality assumptions for 
SEM (Table 4).

Furthermore, the squared multiple correlations (SMC) of the 
measured variables were also greater than the minimum acceptable 
value of 0.5, indicating that the indicators appropriately measured 
the variance of their respective target latent factors and thus 
possessed strong convergent validity and reliability. The relatively 
small standard errors (SE) also attest to the precision of mean 
estimates, lending validity to the measurement findings. Together, 
the findings guarantee the measurement instrument possesses 
acceptable internal consistency and construct validity and hence is 
sufficient for subsequent structural model testing and hypothesis 
testing (Table 5).

The discriminant validity was verified against the requirements 
that the square root of the AVE of each construct should be greater 
than its correlations with all other constructs, thereby yielding 
sufficient distinctiveness between the latent constructs. As it can 
be seen from the table, the diagonal values are the square roots of the 
AVE of each construct, and all are greater than the inter-construct 
correlation coefficients. The result indicates that the measurement 
indicators of each construct possess sufficient discriminant validity, 
and no conceptual overlap or confusion exists.

4.3 Structural model and path analysis

This model was path-analyzed using AMOS 22.0. The goodness-
of-fit was assessed overall by multiple fit indices. In particular, the 
chi-square to degrees of freedom ratio (χ2/df) was 1.92, which was 

TABLE 2  Statistical analysis of respondent sample.

Age Frequency Percentage Cumulative percent

18–24 73 24.50% 24.50%

25–34 121 40.60% 65.10%

35–44 85 28.50% 93.60%

45–54 18 6.00% 99.60%

Over 55 years old 2 0.40% 100%

TABLE 3  Result of reliability and validity statistics.

Latent variable Observed variable SFL(t) CR AVE SFL range

SN

0.861 0.601 0.751–0.829

sn1 0.751(14.491)

sn2 0.759(14.702)

sn3 0.786(15.463)

sn4 0.829(16.695)

ATU

0.784 0.585 0.717–0.812

atu1 0.812(14.377)

atu2 0.717(12.621)

PU

0.853 0.579 0.739–0.794

pu1 0.794(15.615)

pu2 0.756(14.566)

pu3 0.739(14.086)

pu4 0.778(15.161)

NZE

0.859 0.6 0.754–0.801

nze1 0.779(15.233)

nze2 0.779(15.242)

nze3 0.754(14.552)

nze4 0.801(15.853)

PBC

0.855 0.637 0.761–0.845

pbc1 0.806(15.837)

pbc2 0.845(16.954)

pbc3 0.761(14.608)

The square root of the Average Variance Extracted (AVE) for each construct (bold diagonal values) should be greater than its correlations with other constructs (off-diagonal values).
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between 1 and 3 and reflects an acceptable fit of the model. The 
goodness-of-fit index (GFI) was 0.919, which was above the cutoff of 
0.90. The Standardized Root Mean Square Residual (SRMR) was 
0.0732, and Root Mean Square Error of Approximation (RMSEA) was 
0.056, both of which were below the cutoff of 0.08, reflecting good fit. 
Incremental fit indices, like the Normed Fit Index (NFI = 0.92), 
Tucker-Lewis Index (TLI = 0.952), Comparative Fit Index 
(CFI = 0.96), Relative Fit Index (RFI = 0.906), and Incremental Fit 
Index (IFI = 0.96), were all above the cutoff of 0.90, which also reflects 
adequacy of the model. Furthermore, both Parsimony Normed Fit 
Index (PNFI = 0.778) and Parsimony Goodness-of-Fit Index 
(PGFI = 0.69) were above the threshold of 0.50, which reflects 
acceptable model parsimony. Overall, these results suggest that the 
structural model has satisfactory overall fit and can be considered 
robust for further hypothesis testing (Table 6).

The structural model results are presented in the Figure 2.
The path analysis results indicated significant positive 

relationships among the hypothesized constructs. Specifically, 
Subjective Norms (SN) had a significant effect on Perceived Usefulness 
(PU; t = 9.791, β = 0.729), PU significantly influenced Attitude (ATU; 
t = 9.462, β = 0.729), and PU also had a strong positive impact on Net 

Zero Emission (NZE; t = 10.594, β = 0.810). Furthermore, NZE was 
positively associated with Perceived Behavioral Control (PBC; 
t = 9.306, β = 0.670). All paths were statistically significant at the 0.01 
level, confirming the support for H1 through H4 (Table 7).

5 Discussion

Subjective norms would be expected to shape perceived usefulness 
of shared transport tools among users in line with the current 
literature (Xu et al., 2023). Users are more likely to perceive shared 
mobility services in the sharing economy as useful in accordance with 
peer attitudes and extrinsic social pressures (Zhang et al., 2021b). It is 
a position that has been supported through studies examining the role 
derived from individual values and community influence (Bagdatli 
and Ipek, 2022). It is one of the social environmental factors and plays 
an important part in shaping the perceived usefulness among users. 
Users are not just impacted by explicit peer pressure, but also by 
general sociocultural environments and environmental values, which 
then shape their perceptions in the context of the usefulness of shared 
electric bicycles (Steg and Vlek, 2009).

TABLE 4  Results for the measurement model.

Latent Variable Observed 
variable

M SD SK KU SE SMC

SN

sn1 4.43 1.579 −0.213 −0.859 0.368 0.564

sn2 4.3 1.539 −0.13 −0.925 0.357 0.576

sn3 4.39 1.577 −0.268 −0.744 0.355 0.618

sn4 4.36 1.618 −0.188 −0.826 0.36 0.687

ATU
atu1 4.34 1.59 −0.185 −0.822 0.404 0.66

atu2 4.33 1.572 −0.053 −0.849 0.399 0.515

PU

pu1 4.45 1.489 −0.064 −0.825 0.337 0.63

pu2 4.38 1.463 −0.14 −0.708 0.339 0.572

pu3 4.48 1.558 −0.2 −0.731 0.362 0.546

pu4 4.51 1.566 −0.25 −0.801 0.361 0.605

NZE

nze1 4.47 1.535 −0.098 −0.764 0.35 0.607

nze2 4.46 1.543 −0.073 −0.828 0.353 0.608

nze3 4.44 1.569 −0.242 −0.69 0.364 0.568

nze4 4.38 1.596 −0.172 −0.964 0.359 0.641

PBC

pbc1 4.32 1.635 −0.067 −0.992 0.373 0.649

pbc2 4.28 1.616 −0.149 −0.9 0.361 0.715

pbc3 4.25 1.538 −0.051 −0.892 0.356 0.578

TABLE 5  Fornell-Larcker discriminant validity.

Construct A B C D E

A. SN 0.775

B. ATU 0.617 0.765

C. PU 0.652 0.648 0.761

D. NZE 0.689 0.676 0.697 0.775

E. PBC 0.604 0.68 0.69 0.604 0.798

The square root of the Average Variance Extracted (AVE) for each construct (bold diagonal values) should be greater than its correlations with other constructs (off-diagonal values).
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This is an instance where the process indicates that utilization of 
shared mobility devices is not only based on individual rational 
thought but also on the interplay between environmental responsibility 

and social identification, hence a contribution to the TAM model in 
terms of elucidating the mechanisms of external influence on 
perceived usefulness. The dominance of subjective norms in the 

FIGURE 2

The results of the proposed model.

TABLE 7  Structural model results.

Hypotheses Path T-value β(Path coefficient size) Results

H1 SN→PU 9.791 0.729 Yes

H2 PU→ATU 9.462 0.729 Yes

H3 PU→NZE 10.594 0.81 Yes

H4 NZE→PBC 9.306 0.67 Yes

TABLE 6  Model fit indices for the structural equation model.

Fit index Recommended threshold Estimate Interpretation

χ2 / df Between 1 and 3 1.92 Acceptable fit

GFI > 0.90 0.919 Good fit

SRMR < 0.08 0.0732 Good fit

RMSEA < 0.08 0.056 Good fit

NFI > 0.90 0.92 Good fit

TLI > 0.90 0.952 Good fit

CFI > 0.90 0.96 Good fit

RFI > 0.90 0.906 Good fit

IFI > 0.90 0.96 Good fit

PNFI > 0.50 0.778 Acceptable

PGFI > 0.50 0.69 Acceptable
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prediction of perceived usefulness indicates that environmental 
awareness fostered in the community and acceptance by “significant 
others” can effectively influence users’ perceptions of shared e-bikes’ 
ease of use (PEOU; Buabeng-Andoh, 2018). Further, electric bicycles 
(E-bikes) allow for smoother integration with public transport 
systems, including subways and buses, effectively resolving the “last 
mile” problem (Horstmannshoff and Redmond, 2024). Such 
integration makes urban transport more convenient and flexible, 
ultimately contributing to enhanced travel efficiency. Use of E-bikes 
also raises the perceived usefulness of users, as it is well known that 
they view them as convenient mobility aids that meet contemporary 
transportation requirements. Such convenience is aligned with general 
lifestyle choices pertaining to sustainable transportation awareness, 
thereby facilitating social acceptance of shared E-bike services, as SN1, 
SN2, and SN3 findings suggest. Overall, the use of E-bikes emphasizes 
their convenience and worth in addressing urban mobility demands.

Perceived usefulness can also have a bearing on people’s attitudes 
towards the use of shared electric bicycles. This is to say that customers 
will use shared E-bikes frequently if they perceive that they will 
be  useful for their personal transport. In essence, people make 
decisions based on whether or not they find a tool or a service useful 
to them (Teo and Van Schaik, 2012). Regardless of the practices used 
in adopting attitudes towards the use of E-bikes, both the device and 
the app must have useful features because perceived usefulness is the 
key to determining long-term behavior adoption (Pasca et al., 2024).

In particular, the outcome emphasizes PU as a facilitator of the 
combination of TAM and TPB in demonstrating the way that 
perceptions of functionality may be  converted into long-lasting 
intentions in smart cities (Venkatesh and Davis, 2000).

PU is an important determinant of NZE, and perceived 
usefulness is crucial in users’ understanding and use of net-zero 
emissions. This is consistent with previous research (Bedimo-Rung 
et  al., 2005), as perceived usefulness is extremely salient when it 
comes to the sharing economy, specifically in the use and 
understanding of shared bicycles (Xue et  al., 2022). This again 
indicates the salience of environmental factors in influencing 
behavior intentions to utilize environmentally friendly transportation 
means like shared E-bikes. Therefore, users’ attitude and experience 
with shared bikes to a great extent can predict users’ evaluation of the 
usefulness of shared electric bikes. The correlation indicates not only 
the importance of user cognition in promoting friendly 
environmentally travel modes but also suggests the feasibility of using 
PU to promote low-carbon travel and aiding city sustainability efforts.

Empirical studies confirm that NZE has a significant and positive 
impact on PBC. The studies determined that environmental 
consciousness positively enhances the use of shared E-bicycles (Chen, 
2022). Environmental consciousness and knowledge of net-zero 
emissions in the public can trigger the adoption of sustainable 
development strategies (Flores and Moore, 2024). NZE sensitizes 
individuals to be  responsible for protecting the environment, hence 
influencing PBC and enacting pro-environmental actions, such as the 
use of E-bikes. E-bikes efficiently reduce greenhouse gases by replacing 
cars for short- to medium-distance journeys, which aligns with the vision 
of smart cities of low-carbon development. Their zero-emission ability 
not only aligns with net-zero goals but also provides cleaner air, which 
has a positive impact on urban ecosystems and the well-being of citizens.

To realize the full effect of this positive impact, policymakers and city 
planners must place utmost priority on awareness-raising initiatives and 
incentive systems that not only make citizens aware of net-zero goals but 

also translate such awareness into actual control and implementation of 
behavior (Steg and Vlek, 2009). Focused interventions, like the 
integration of E-bike infrastructure into public mobility networks and 
financial or social incentives for low-emission commuting, have the 
potential to bridge the gap between environmental awareness and 
effective behavioral change. However, translating initial awareness into 
long-term behavior is challenging, as it entails the positive reinforcement 
of initial behavior and the identification of follow-up behavior as 
naturally occurring positive reinforces (Zhao et al., 2024).

The research findings of this study have close connections with 
the SDGs and long-term future of smart city development. Green 
transportation shared E-bikes have close connections with a series 
of SDGs, including SDG 3 (ensure healthy lives), SDG 7 (ensure 
access to affordable, reliable, sustainable, and modern energy), SDG 
9 (build resilient infrastructure and promote sustainable 
industrialization), SDG 11 (make cities inclusive, safe, resilient, and 
sustainable), and SDG 13 (take urgent action to combat climate 
change; Sharifi et al., 2024; Nieuwenhuijsen, 2020). Shared E-bikes 
not only enhance the health of city residents but also reduce carbon 
emissions, enhance urban energy efficiency, and promote 
sustainable urban development.

In addition, the utilization of E-bikes encourages light physical 
exercise that contributes to better health and potentially a reduced 
need for healthcare, reflecting the smart city vision of improving 
quality of life and encouraging healthier living.

Nevertheless, there are several limitations to this research that should 
be  mentioned. Firstly, the sample was composed mostly of young 
respondents from coastal areas, which may limit the generalizability of 
the findings to broader populations. Secondly, the study did not consider 
potential moderating or mediating variables, i.e., income, environmental 
literacy, or prior E-bike use experience, which could potentially explain 
further variation in behavior. Thirdly, the reliance on cross-sectional 
survey data confines the extent to which changes in behavior can 
be measured over time. Future research can overcome these constraints 
by employing more representative and heterogeneous samples, 
incorporating more variables into the model, and employing longitudinal 
or experimental designs to capture more dynamic behavioral change. 
These improvements would yield further insights into shared E-bike 
adoption in heterogeneous urban environments and inform the design 
of more effective sustainable mobility policies.

6 Conclusion

This study rigorously investigated the role of subjective norms (SN), 
perceived usefulness (PU), use attitudes (ATU), net-zero emissions 
(NZE), and perceived behavioral control (PBC) on the attitudes and 
behavioral intentions of shared electric bike riders. The findings indicate 
that peer attitudes and social community values in the social environment 
positively support users’ PU, confirming social influence as the dominant 
force of user cognition under the sharing economy context. PU as the 
main mediator significantly influences users’ ATU and environmental 
sustainability perception and demonstrates high awareness of the 
convenience and environmental sustainability of shared E-bikes.

Besides, NZE not only supports users’ green consciousness but 
also increases usage intention by empowering PBC, which shows the 
instrumental role of green awareness in green mobility. PBC reflects 
users’ efficacy and control of behavior, and it is a critical determinant 
for general acceptance of shared E-bikes.
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This research bridges a theoretical gap in existing smart city 
literature regarding the concurrent processes of social influence 
and environmental awareness. In using TAM and TPB together, it 
establishes PU as a link between SN and environmental awareness 
and users’ ATU and usage intent, thus extending the theoretical 
domains of these fundamental models. Significantly, not only does 
this extension of the model contribute to theory, but it also sets 
the platform for future research in further building the 
understanding of green travel option choice in the context of the 
sharing economy.

Covering China’s four major first-tier cities and several major and 
mid-sized inland cities, the sample is diversified but skewed towards 
youth. Future follow-up studies must enlarge the sample to other age 
and social strata so that the generality and robustness of the model 
can be  tested with further evidence. Physical environment 
characteristics of shared E-bikes, such as infrastructure completeness, 
parking convenience, and transportation network connectivity, can 
exert significant impacts on users’ intention to adopt them again and 
should be incorporated into future theories.

Besides, as shared mobility policy and technology continue 
to evolve, longitudinal study designs can be employed to track 
evolving user behavior and attitudes in the long term and identify 
the processes and drivers of long-term take-up. This will provide 
a scientific foundation and actionable insight for green mobility 
policy-making and urban transport planning in smart cities.

Overall, this research not only enhances the understanding of user 
behavior towards shared electricity bicycles, but also offers theoretical 
and practical references for the development of sustainable urban 
transportation. It is hoped that future research will further enrich and 
refine the theoretical system for realizing the long-term goal of 
low-carbon smart cities.
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