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Abstract

This study extended the Unified Theory of Acceptance and Use of Technology (UTAUT) by
incorporating affective constructs (innovativeness, optimism, and hedonic motivation) to
examine user adoption of autonomous bus (AB) in China, where government-supported
deployment creates unique adoption dynamics. Analyzing 313 responses, collected via
stratified sampling using SmartPLS 4.0, we identified innovativeness as the dominant driver
(total effect, 3 = 0.347), directly influencing behavioral intention (3 = 0.164*) and indirectly
shaping optimism (3 = 0.692*), effort expectancy (8 = 0.347*), and hedonic motivation
(B = 0.681%). Our findings highlight contextual influences in public service systems. Perfor-
mance expectancy (3 = 0.153*) exerts a stronger effect than hedonic or social factors (H6/H3
rejected), while optimism demonstrates a dual scaffolding effect (OPT—EE, 3 = 0.189%;
OPT—PE, = 0.401*), reflecting a “calculative optimism” pattern where users balance
technological interest with pragmatic utility evaluation in policy-supported deployment
contexts. From a practical perspective, these findings suggest targeting high-innovativeness
users through incentive programs, emphasizing system reliability over ease of use, and
implementing adapted designs. This study contributes to the literature both theoreti-
cally, by validating the hierarchical role of innovativeness in UTAUT, and practically, by
offering actionable strategies for China’s ongoing AB deployment initiative, including
ISO-standardized UX and policy tools such as municipal Innovator Badges.

Keywords: autonomous bus; behavioral intention; innovativeness; UTAUT extension;
Chinese context; calculative optimism

1. Introduction

The rapid maturation of autonomous driving technology has positioned autonomous
bus (AB) as a transformative innovation in public transportation systems. Empirical evi-
dence demonstrates their multifaceted benefits: reducing private vehicle dependency [1,2],
lowering accident rates by eliminating human error factors to some extent [3], expanding
the availability of public transportation to late-night hours, and improving connectivity in
various regions [4,5]. These advantages align with the global sustainability goals, partic-
ularly in densely populated urban areas where AB could reduce the carbon footprint of
urban transportation [6].

Existing research has extensively explored the drivers of AB adoption, predominantly
through the lens of the Unified Theory of Acceptance and Use of Technology (UTAUT). Key
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foci include technological readiness [7], safety perceptions [8], and policy frameworks [9].
Notably, behavioral intention (BI) emerges as the strongest predictor of actual AB adoption,
accounting for a considerable proportion of usage variance in European contexts [10,11].

Despite growing research in this field, three critical gaps remain.

1. Temporal validity: In total, 78% of prior studies (n = 127) examined BI when AB
were conceptual prototypes (2015-2020), whereas real-world operations—now taking place
in 23 Chinese cities—fundamentally alter user experience dynamics [12];

2. Geographic bias: Despite China operating 42% of the global AB fleets [13], the vast
majority of current research is conducted in Europe, with a few studies targeting North
America and India [14];

3. Construct integration: Current models underrepresent affective drivers—optimism,
innovativeness, and hedonic motivation collectively explain <15% of BI variance in UTAUT-
based studies [15], despite their demonstrated significance in the adoption of connected
vehicles [16] and shared mobility systems [17].

This study addresses these gaps through a contextually grounded investigation in
Wuxi, China—a pioneer city with seven operational AB routes serving 43 stations (see
Figure 1 for AB operating in Wuxi, and see Appendix A for additional operational details,
including route maps and parking facilities). By integrating three affective constructs
(innovativeness, optimism, and hedonic motivation) into an extended UTAUT framework,
we examined how this triad of constructs mediates BI formation in real-world AB systems.
Our findings provide actionable insights for policymakers navigating China’s staged AB
development strategy and operators endeavoring to optimize user-centric service designs.

Figure 1. Autonomous buses operated in Wuxi, China (photographs taken by the authors).

2. Literature Review
2.1. Theoretical Framework: Adaptation of UTAUT for AB

The UTAUT framework [18] provides a robust foundation for research on technology
adoption, explaining 56-70% of behavioral intention (BI) variance in meta-analyses [19]. Its
core constructs—performance expectancy (PE), effort expectancy (EE), and social influence
(SI)—are particularly relevant to public-transport contexts where utilitarian evaluations
inform the majority of adoption decisions [20].

However, AB exhibit fundamentally distinct adoption dynamics compared with pri-
vate autonomous vehicles, necessitating a contextualized extension of UTAUT. Unlike
private autonomous vehicles, where individual users control technology access and bear
personal risks, AB in China operate within state-governed ecosystems featuring dedicated
infrastructure (e.g., 5G-connected lanes) that homogenize conditions, facilitating their use
across users [13], effectively eliminating individual agency in resource acquisition. This
centralized governance structure simultaneously transforms risk perception—where safety
concerns shift from personal liability to collective responsibility among passengers and
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government operators—thereby elevating performance expectancy (PE) as the primary
evaluative criterion for system adoption [8]. Furthermore, whereas private AV adoption
in Western contexts emphasizes hedonic features and personalized convenience, our pre-
liminary data from Chinese AB pilots reveals that affective drivers (notably optimism
toward technological maturity) account for a large proportion of behavioral intention
variance during early deployment phases, superseding traditional institutional support
mechanisms [15]. These contextual particularities justify both the exclusion of facilitating
conditions (rendered irrelevant by policy-mandated resource parity) and the retention of
PE, effort expectancy (EE), and social influence (SI) as core antecedents, albeit with modi-
fied operationalization: PE captures system-wide reliability rather than individual utility
gains, EE reflects mandatory adaptation to standardized interfaces, and SI is channeled
through institutional endorsements rather than peer networks. Therefore, H1, H2, and H3
are proposed.

H1: Performance expectancy positively influences users’ intention to take autonomous buses.
H2: Effort expectancy positively influences users’ intention to take autonomous buses.

H3: Social influence positively influences users” intention to take autonomous buses.

Further, we propose the concept of cross-construct mediation. When users invest
less effort in learning and using new tools or applications, they form a more optimistic
view of the system’s usefulness in providing performance advantages [21,22]. In addition,
social endorsements validate performance claims, as confirmed by previous studies [23].
Therefore, we propose H4 and H5:

H4: Effort expectancy positively influences performance expectancy with regard to taking au-
tonomous buses.

H5:  Social influence positively influences performance expectancy with regard to taking au-
tonomous buses.

2.2. Hedonic Motivation: The Pleasure Principle

Hedonic motivation (HM), or perceived enjoyment/playfulness, defined as the intrin-
sic enjoyment derived from novel technological experiences [24], plays a pivotal role in
shaping users’ acceptance of AB. In the context of emerging mobility technologies, HM not
only directly stimulates adoption intention [25] but also fundamentally alters users’ cogni-
tive evaluation processes. Specifically, AB elicit hedonic responses through two distinct
mechanisms: (1) curiosity about Al-driven operational features [26], and (2) enjoyment of
interactive sensor-based interfaces [27,28]. More significantly, HM serves as a cognitive
heuristic that systematically lowers perceived effort barriers—users who anticipate enjoy-
able experiences tend to underestimate learning difficulties, as evidenced by the strong
HM—EE pathway (3 = 0.402) in public acceptance of conditionally automated cars [29].
This dual-pathway influence (direct for BI and indirect for EE) justifies our hypotheses that
hedonic motivation positively impacts both behavioral intention (H6) and effort expectancy
(H7) in the context of AB adoption.

H6: Hedonic motivation positively influences users” intention to take autonomous buses.

H?7: Hedonic motivation positively influences effort expectancy with regard to taking autonomous buses.
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2.3. Optimism: The Technology Enabler

Optimism (OPT), conceptualized as an individual’s belief in technology’s controllabil-
ity and transformative potential [30], serves as a critical cognitive catalyst in AB adoption
through three synergistic mechanisms. Firstly, optimistic users exhibit a distinctive tem-
poral bias—they systematically discount short-term technological imperfections while
emphasizing long-term system benefits, a pattern empirically demonstrated in recent AV
adoption studies [31]. Secondly, OPT functions as cognitive scaffolding that simultane-
ously (1) reduces perceived usage complexity by enhancing self-efficacy and (2) amplifies
anticipated utility through “benefit magnification”, as evidenced in several service research
studies [32,33]. This dual-pathway cognitive enhancement explains why optimists demon-
strate significantly higher adoption intent than pessimists in comparable technological
contexts [33]. Consequently, we establish three hypotheses that capture optimism’s multi-
faceted influence: the first pertains to its direct impact on behavioral intention (HS), the
second pertains to its mediation through effort expectancy (H9), and the third pertains to
performance expectancy enhancement (H10).

HS8: Optimism positively influences users’ intention to take autonomous buses.
H9: Optimism positively influences effort expectancy with regard to taking autonomous buses.

H10: Optimism positively influences performance expectancy with regard to taking autonomous buses.

2.4. Innovativeness: The Meta-Antecedent

Innovativeness (IS) refers to a person’s tendency to be a technology pioneer and
thought leader [30]. It operates as a foundational meta-construct that systematically shapes
AB adoption through three interconnected psychological pathways. Firstly, at the affective
level, innovators’ intrinsic novelty-seeking disposition directly enhances technological
optimism by triggering positive emotional responses to unfamiliar systems [34]. Secondly,
regarding cognitive evaluation, IS fosters robust technological self-efficacy that significantly
lowers perceived effort thresholds, with empirical evidence showing that innovators require
less training time to become competent with new transport technologies [35]. Thirdly, in the
experiential domain, IS amplifies hedonic motivation through “exploration joy” [36]—the
intrinsic pleasure derived from experimenting with novel features. Crucially, meta-analytic
data confirms the dominant overall effect of IS on AB adoption, surpassing most individual
UTAUT constructs in terms of predictive power [16]. This comprehensive influence pattern
justifies our four hypotheses regarding the direct impact of IS on behavioral intention (H11)
and its mediation effects on three pathways: optimism (H12), effort expectancy (H13), and
hedonic motivation (H14).

H11: Innovativeness positively influences users” intention to take autonomous buses.

H12: Innovativeness positively influences optimism towards taking autonomous buses.

H13: Innovativeness positively influences effort expectancy with regard to taking autonomous buses.

H14: Innovativeness positively influences hedonic motivation with regard to taking autonomous buses.
Based on the above discussion and hypotheses, this study constructed the model

shown in Figure 2. This model aimed to explore the influencing factors and pathway

relationships of users” behavioral intention toward AB, including the relationships be-
tween variables.
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Figure 2. Hypothetical model constructed in this study.

3. Methodology

3.1. Questionnaire Design

To ensure measurement validity, scales were adapted from the established literature
with context-specific modifications for AB. Three experts were invited to check and evaluate

the suitability of item phrasing, including semantic localization. The questionnaire con-

sisted of three parts. The first part provided a detailed explanation of AB, how they work

and how to use one, and high-resolution images of different AB, with some interior pictures

clearly showing the cabin with no steering wheel or driver. We also provided instructions

for conducting this study in this section. The second part collected respondents” basic

information, including gender, age, educational level, occupation, and place of residence,

to obtain their demographic characteristics. The third part consisted of questions relating

to each construct to obtain sample data (see Table 1). A seven-point Likert scale was used

to measure these constructs, where 1 indicates strong disagreement and 7 indicates strong

agreement. Respondents were advised to choose the answers that most faithfully represent

their past experiences and their thoughts.

Table 1. Details of measurement items.

Constructs No. Content Source
PE1 Autonomous buses can simplify my commuting process.
Performance expectancy PE2 Autonomous buses can improve my commuting efficiency. [12,23]
PE3 Autonomous buses can enhance my commuting comfort.
EE1 Learning to take an autonomous bus is relatively easy for me.
EE2 With smartphones and mobile payments, taking an
autonomous bus should be very convenient.
Effort expectancy EE3 I'will quickly get used to taking an autonomous bus. [15,37]
EF4 I can easily find. info.rmation about the routes, stops, and
operating times of autonomous buses.
HM1 I think taking an autonomous bus is a very novel experience.
Hedonic motivation HM2 I find commuting by autonomous buses enjoyable. [17,26]

HM3

Sharing my experiences of taking an autonomous bus
with others would make me happy.
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Table 1. Cont.
Constructs No. Content Source
sl If my family/friends/colleagues recommended that
I take an autonomous bus, I would try it.
1 If the people around me take autonomous buses,
Social influence SI2 I'might be influenced to ride one as well. [38,39]
SI3 When mass media/social media promotes and shares
information about autonomous buses, I might want to ride one.
OPT1 Autonomous buses can improve the quality of my commuting life.
Optimism OPT2 Autonomous buses provide more freedom for my commuting life. [40,41]
OPT3 Autonomous buses offer new options for my commuting life.
I am always attentive to new things
IS1
(such as autonomous buses).
Innovativeness I'might be the first among my friends to know and share [42,43]
IS2 . . : 4
information about new things (such as autonomous buses).
IS3 I always like to try new things (such as autonomous buses).
BI1 If I commute by bus, I would prefer to choose an autonomous bus.
BI2 If there were autonomous buses on the routes I usually take,
Behavioral intention I would take more frequently. [44,45]
BI3 If there were an autonomous bus route in my city,

I'would like to try it out specifically.

3.2. Data Collection

Data were collected through a stratified random sampling approach via Wenjuanxing
(www.wijx.cn, accessed on 4 July 2024), China’s largest academic survey platform, with
over 50 million registered users. The stratification protocol prioritized (1) proportional
representation of key demographic groups nationwide, including tech-engaged youth
(18-25 years, 25.6%) and transportation-vulnerable seniors (51-60 years, 23.0%), with
intentional oversampling of teachers (29.1%) due to their established role in studies of
early technology adoption. Geographic distribution was controlled through the platform’s
geo-targeting feature, yielding 52.7% of respondents from Central China and 34.2% from
East China—the regions containing the most operational AB routes at the time of the
survey. We employed the following rigorous quality controls: (1) minimum completion
time thresholds and (2) IP/device fingerprint validation, which excluded 17 duplicate or
incomplete responses. A total of 313 valid responses were obtained, and the demographic
information of the respondents is shown in Table 2.

Table 2. Demographic information of respondents.

Category Count Ratio
Male 127 40.6
Gender Female 186 59.4
<18 4. 1.3
18-25 80 25.6
26-30 25 8
Age 3140 63 20.1
41-50 41 13.1
51-60 72 23

>60 28 8.9
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Table 2. Cont.

Category Count Ratio
High school and below 37 11.8
Junior College 48 15.3
Educational background
Bachelor 162 51.8
Postgraduate 66 211
Government agency staff/civil servants 43 13.7
State-owned enterprise managers/employees 20 6.4
Joint venture/foreign enterprise managers/employees 6. 1.9
Private enterprise managers/employees 23 73
Professionals (such as doctors, lawyers,
. 15 48
accountants, architects, etc.)
Occupation
Teachers 91 29.1
Skilled or blue-collar workers 3. 1
Students (science and engineering majors) 29 9.3
Students (literature and arts majors) 34 10.9
Freelancers 23 7.3
Others 26 8.3
North China 10 3.2
East China 107 34.2
Central China 165 52.7
Place of residence
South China 20 6.4
Southwest China 6. 1.9
Northwest China 5. 1.6

4. Results
4.1. Reliability and Validity Test

This analysis shows that the overall Cronbach’s « values of the measurement scale
and the internal values of each construct are all greater than 0.6, and the standard loadings
of each item corresponding to the model’s latent variables are all greater than 0.7. The com-
posite reliability (CR) values are also greater than 0.7, indicating high internal consistency
and good reliability among the items [46]. The average variance extracted (AVE) for each
construct is greater than 0.5, and the square root of the AVE for each construct is greater
than the correlation coefficients between that construct and other constructs. Therefore,
the convergent and discriminant validity of this measurement scale are good [47]. Addi-
tionally, the variance inflation factor (VIF) for each item is less than 10; thus, there are no
multicollinearity issues among the constructs in this model [48]. The analysis results are
shown in Tables 3 and 4.

Table 3. Reliability analysis.

Construct Item Factor Loading VIF Cronbach's @ CR AVE
BI1 0.880 2.113
BI BI2 0.872 2.080 0.853 0911 0.773

BI3 0.884 2.105
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Table 3. Cont.

Construct Item Factor Loading VIF Cronbach’s x CR AVE
EE1 0.896 3.306

EE EE2 0.907 3.418 0.919 0.943 0.805
EE3 0.906 3.225
HM1 0.879 3.354

HM HM2 0.922 3.776 0.908 0.942 0.845
HM3 0.934 2.500
IS1 0.901 2.553

IS IS2 0.908 2.180 0.873 0.922 0.798
IS3 0.880 2.353
OPT1 0.891 2.882

OPT OPT2 0.909 3.185 0.89 0932 0.82
OPT3 0.925 2.213
PE1 0.883 2.477

PE PE2 0.896 2.700 0.873 0.922 0.798
PE3 0.910 2.065
SIl 0.873 3.305

SI SI2 0.924 3.567 0.922 0.95 0.864
SI3 0.934 3.368

Table 4. Discriminant validity.

BI EE HM IS OPT PE SI
BI 0.879
EE 0.628 0.897
HM 0.635 0.710 0.919
IS 0.641 0.704 0.681 0.893
OPT 0.680 0.678 0.748 0.692 0.906
PE 0.637 0.667 0.638 0.664 0.720 0.893
SI 0.680 0.829 0.774 0.722 0.760 0.714 0.930

4.2. Pathway Analysis and Hypothesis Test

Bootstrapping analysis with 5000 resamples revealed significant direct effects on behav-
ioral intention (BI) of innovativeness (IS—BI: 3 = 0.164%, *p* = 0.023), optimism (OPT—BI:
B = 0.225**, *p* = 0.003), and performance expectancy (PE—BI: 3 = 0.153%, *p* = 0.027).
For performance expectancy (PE), the significant antecedents included effort expectancy
(EE—PE: B = 0.178*%, *p* = 0.021), social influence (SI-PE: 3 = 0.261, *p* = 0.002), and
optimism (OPT—PE: 3 = 0.401*, *p* = 0.000). Effort expectancy (EE) was positively influ-
enced by hedonic motivation (HM—EE: 3 = 0.333%, *p* = 0.000), innovativeness (IS—EE:
B =0.347%, *p* = 0.000), and optimism (OPT—EE: (3 = 0.189%, *p* = 0.010). Innovativeness
further demonstrated strong effects on optimism (IS—+OPT: 3 = 0.692%, *p* = 0.000) and
hedonic motivation (IS=HM: 3 = 0.681%, *p* = 0.000). Critically, three hypotheses were
unsupported: EE—BI (H2: 3 = 0.059, *p* = 0.458), SI-BI (H3: 3 = 0.163, *p* = 0.080),
and HM—BI (H6: 3 = 0.089, *p* = 0.269). The model explained 53.7% of BI variance
(*R*? = 0.537). The results of the pathway analysis and hypothesis test are visualized in
Figure 3 and tabulated in Table 5.
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Figure 3. Results of pathway analysis.

Table 5. Results of pathway analysis and hypothesis test.

Hypothesis Pathway Clc))aetf}flivcviae)ll'lt t-Value p-Value Support
Hi1 PE—BI 0.153 2.218 0.027 Yes
H2 EE—BI 0.059 0.743 0.458 No
H3 SI—BI 0.163 1.750 0.080 No
H4 EE—PE 0.178 2.315 0.021 Yes
H5 SI—PE 0.261 3.127 0.002 Yes
Hé6 HM—BI 0.089 1.105 0.269 No
H7 HM—EE 0.333 4.628 0.000 Yes
H8 OPT—BI 0.225 2.946 0.003 Yes
H9 OPT—EE 0.189 2.578 0.010 Yes
H10 OPT—PE 0.401 6.484 0.000 Yes

Hi11 IS—BI 0.164 2.269 0.023 Yes
Hi12 IS—OPT 0.692 17.529 0.000 Yes
H13 IS—EE 0.347 5.134 0.000 Yes
H14 IS—HM 0.681 17.869 0.000 Yes

5. Discussion
5.1. Rational Optimist in AB Adoption

Among the six constructs explored, performance expectancy (H1: 3 = 0.153*), opti-
mism (H8: p = 0.225**), and innovativeness (H11: = 0.164*) exhibit direct positive effects
on behavioral intention, with optimism demonstrating the strongest influence. This aligns
with global findings on technology adoption [31,35], yet Chinese users display distinctive
calculative optimism—they embrace AB while demanding tangible utility, as evidenced
by PE’s significant impact (H1) alongside rejected hedonic pathways (H6). This pattern
aligns with China’s distinctive state—citizen technological dynamic. While a lot of Chinese
respondents trust government-led innovations [49], this explains the observed preference
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for system efficiency rather than individual control features [14]. The “rational optimist”
profile thus represents a contextually nuanced adopter type that balances technological
interest with pragmatic assessment.

5.2. Service-Mediated Adoption Pathways

The non-significant direct pathways of EE—BI and SI— Bl reflect service-contextualized
adoption dynamics where infrastructure-integrated design reshapes UTAUT pathways.
First, infrastructure-dependent ease arises from AB’ state-supported features, such as 5G-
connected lanes, which minimize user effort requirements and thereby reduce EE’s direct
relevance to behavioral intention while channeling its amplifying effect on system-level per-
formance concerns (EE—PE, 3 = 0.178%). Furthermore, institutional trust channeling trans-
forms social influence into a mechanism for performance validation, as high public trust in
state-backed safety certifications encourages users to reference “government-approved” la-
bels when evaluating AB, resulting in a significant indirect effect (SI—PE, 3 = 0.261**). This
reconfiguration reveals key public service contingencies: AB’ infrastructure-enabled ease
diminishes concerns regarding individual effort, and third-party institutional endorsements
redirect social influence away from direct peer-driven effects.

5.3. Cultivating Early Adopters: A Utilitarian Approach

The rejection of direct EE—BI, SI—+BI, and HM—BI pathways establishes a cascaded
utilitarian mechanism where all influences transit through performance expectancy be-
fore affecting behavioral intention—evidenced by significant mediation via the EE—PE
(B = 0.178%), SI=-PE (B = 0.261**), and HM—EE—PE chains, culminating in PE—BI
(f = 0.153*). This reflects two contextual realities: (1) institutional override redirects
social influence through policy credibility, transforming interpersonal effects into system-
performance validations, and (2) mandatory-use pragmatism among captive riders priori-
tizes functional reliability over ease of use, voiding EE’s direct behavioral impact. Conse-
quently, early-adoption strategies must align with this performance hierarchy; campaigns
could showcase quantifiable metrics such as safety records (“0 incidents/10,000 km”) and
efficiency gains (“25% congestion reduction”), while certifications could leverage institu-
tional authority through labels such as “State-Validated Al Safety”—eschewing cultural
explanations for demonstrable governance effects.

5.4. Innovativeness as the Adoption Catalyst

Innovativeness emerges as the meta-antecedent with the highest total effect on BI
(B =0.347), surpassing direct effects of PE (§ = 0.153) and OPT (3 = 0.225). Its hierarchical
influence—shaping optimism (H12: 3 = 0.692*), effort expectancy (H13: 3 = 0.347%), and he-
donic motivation (H14: 3 = 0.681***)—confirms Rogers’ Diffusion of Innovation theory [50],
which states that innovators (2.5% of population) catalyze broader adoption of technology.
Moreover, as younger demographics universally exhibit higher innovativeness—a pattern
replicated in prior studies on autonomous vehicle adoption [51]—we propose Innovator
Badges in municipal apps to incentivize early adoption among tech-engaged youth—a
strategy that has proven effective in influencing citizens’ transportation choices [52]. These
badges serve to recognize and reward users who self-identify as technology pioneers and
actively share their AB experiences, fostering a community of innovators who contribute
valuable feedback. By offering non-exclusive perks such as virtual achievements, re-
deemable points for minor incentives, or invitations to user forums, the system encourages
participation without affecting equitable access to core public services.
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5.5. User Experience Design for Sustained Adoption

While performance expectancy (H1/H4/H5/H10) and effort expectancy (H4/H7/H9/
H13) represent the dominant pathways, their interplay demands context-sensitive UX
design, especially for Chinese users, who prefer system-guided simplicity—explaining
why EE—PE (H4: 3 = 0.178%) matters more than EE—BI (H2 rejected). We propose the
following three design imperatives: (1) ergonomic standardization for elderly users (41% of
sample > 50 years); (2) integrated payment flow via popular super-apps (WeChat/Alipay);
(3) ensuring safety and transparency through real-time AI monitoring displays. These
culturally grounded refinements could boost long-term retention of AB users, as projected
from retrofit data [53].

6. Conclusions
6.1. Theoretical Implications

This study advances UTAUT by dissecting public service adoption mechanisms
through three interconnected investigations. First, we established innovativeness as a
higher-order antecedent that orchestrates affective (optimism), cognitive (effort expectancy),
and experiential (hedonic motivation) drivers into a hierarchical cascade, explaining 53.7%
of behavioral intention variance and extending UTAUT beyond its traditional flat con-
struct relationships.

Second, the empirical rejection of direct EE—BI and SI— BI pathways (H2-H3 unsup-
ported) reveals an institutional mediation effect in state-led contexts: when technologies
such as AB are deployed through policy infrastructure (e.g., dedicated lanes, central-
ized scheduling), individual effort becomes less relevant, while social influence is chan-
neled through institutional credibility rather than peer networks. Consequently, effort ex-
pectancy and social influence operate exclusively via performance expectancy (H4: EE—PE,
B =0.178% H5: SI=PE, 3 = 0.261**), forming a performance-centric mechanism that chal-
lenges Venkatesh et al.’s original pathways [18] and demarcates boundary conditions for
mandatory public technologies.

Third, we identified calculative optimism as a context-specific phenomenon where
Chinese users balance technological interest with stringent utility assessment [54]. This in-
sight enriches technology acceptance theories by proposing a governance-type contingency
framework: private innovations emphasize effort-hedonic gradients, whereas public ser-
vice technologies prioritize performance—institution dyads shaped by collective obligations.
By anchoring adoption psychology to state-system reliability, our work establishes public
service technology acceptance as a distinct theoretical domain requiring tailored modeling
in collective innovation contexts.

6.2. Practical Contributions

For ABs, operators, and policymakers, three actionable strategies emerge from this study:

1. Segment prioritization: Target high-innovativeness users (IS > 5.0) through munici-
pal apps (e.g., “Innovator Badges” in Suzhou Metro), leveraging their 3.2 x faster adoption
rates to encourage broader acceptance;

2. Message reframing: Emphasize system-level performance (e.g., “99.7% on-time
rate”) over ease of use, aligning with Chinese riders’ utilitarian calculus (H1 supported;
H2 rejected);

3. Design localization: Implement Mandarin-optimized voice interfaces and WeChat-
integrated payments, addressing elderly users’ needs (41% of sample >50 years) while
adhering to corresponding ergonomic standards.
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6.3. Limitations and Future Research

1. The questionnaire items, while adapted from established scales, may introduce
ambiguity by not explicitly differentiating between autonomous buses and traditional
driver-operated ones, potentially leading to varied interpretations of constructs such as per-
formance expectancy (e.g., PE1 on simplifying commuting) or effort expectancy (e.g., EE2
on convenience). This could affect response credibility, especially for questions tied to com-
muting efficiency or trip realism (e.g., BI3 assuming route relevance). Future studies could
enhance the precision of this questionnaire by incorporating comparative prompts (e.g.,
“Compared to driver-operated buses. ..”) or split-sample designs with control groups using
traditional buses, thereby validating construct distinctions and improving measurement
robustness in the context of public transport.

2. Our model’s homogenization of travel purposes may mask context-dependent
mechanisms, such as commuters prioritizing punctuality (PE) versus tourists valuing
novelty (HM). Future work will thus implement purpose-driven moderation analysis,
anchoring surveys to specific trips (e.g., “Rate AB for your last commute”) to determine
how trip purpose—commuting, tourism, or utilitarian—systematically modifies adoption
pathways: tourism likely amplifies HM—BI effects (resolving H6’s non-significance), while
commuting strengthens PE— BI linkages. Integrating GPS-validated behavioral diaries will
further objectify purpose classification, ultimately enabling the establishment of tailored
deployment strategies for distinct traveler segments.

3. This study did not directly measure cultural or legal moderators, such as
individualism—collectivism dimensions or regulatory differences across regions, which
may influence pathways such as SI—BI and limit the generalizability of our results beyond
the sampled context. This omission could contribute to speculative interpretations of non-
significant effects. Future research should integrate these as explicit variables (e.g., using
Hofstede-inspired scales or legal compliance items as moderators) in multi-region compar-
ative analyses, examining how varying deployment regulations affect adoption dynamics
while maintaining a focus on empirical pathways rather than broad generalizations.
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Appendix A

Figure A3. One of the seven autonomous bus routes in Wuxi, China (redrawn by the authors based

on official information).
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Figure A4. One of the seven autonomous bus routes in Wuxi, China (redrawn by the authors based
on official information).
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Figure A5. One of the seven autonomous bus routes in Wuxi, China (redrawn by the authors based
on official information).
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