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ABSTRACT

Introduction: Automated shuttles are being trialled in public transport pilots worldwide, and their permanence depends on public
acceptance. This review synthesizes the determinants of user acceptance measured in real-world pilots. Methods: A systematic review
was conducted following PRISMA 2020. Results: Of 754 records identified, 618 were screened, 16 full texts were assessed and 10 studies
with 2,961 participants were included, eight conducted in Europe, one in North America and one in Asia. Acceptance and intention to
use were generally high and remained high after a ride. Determinants separated into user-related factors, led by trust, satisfaction and
technology readiness, and system-related factors, led by perceived safety, comfort and speed. Seven studies had moderate risk of bias
and three high. Conclusions: Direct exposure sustains acceptance, and perceived safety, comfort and service effectiveness are the domi-
nant system-related constraints. The evidence is limited by small, self-selected samples and by the absence of low-risk-of-bias studies.

Keywords: automated shuttle; autonomous vehicle; technology acceptance; public transport; user acceptance; systematic review.

RESUMEN

Introduccion: Los autobuses lanzadera automatizados se ensayan en pilotos de transporte publico a escala mundial, y su permanencia
depende de la aceptacion publica. Esta revision sintetiza los determinantes de la aceptacién del usuario medidos en pilotos reales. Métodos:
Se realizé una revision sistematica segin PRISMA 2020. Resultados: De 754 registros identificados, se cribaron 618, se evaluaron 16 textos
completos y se incluyeron 10 estudios con 2.961 participantes: ocho en Europa, uno en América del Norte y uno en Asia. La aceptaciony
la intencién de uso fueron en general altas y se mantuvieron altas tras el viaje. Los determinantes se dividieron en factores del usuario,
encabezados por la confianza, la satisfaccion y la preparacion tecnoldgica, y factores del sistema, encabezados por la seguridad percibida,
la comodidad y la velocidad. Siete estudios tuvieron riesgo de sesgo moderado y tres alto. Conclusiones: La exposicion directa sostiene
la aceptacion, y la seguridad percibida, la comodidad y la eficacia del servicio son las principales limitaciones del sistema. La evidencia
esta limitada por muestras pequenas y autoseleccionadas y por la ausencia de estudios de bajo riesgo de sesgo.

Palabras clave: autobus lanzadera automatizado; vehiculo auténomo; aceptacion tecnoldgica; transporte publico; aceptacion del usua-
rio; revision sistematica.
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INTRODUCTION

Automated shuttles are small, low-speed vehicles that operate at Society of Automotive En-
gineers (SAE) Level 4 without a driver on board, and since the middle of the 2010s public transport
operators have deployed them in pilots across Europe, Asia and North America. These services
typically cover first- and last-mile links, city centres, campuses and rural corridors at speeds below
25 km/h, with a safety steward or a remote operator supervising the vehicle.(1,2)

Whether such pilots mature into permanent services depends less on the performance of
the vehicle than on public acceptance.(3)Two populations must accept the technology for a pilot
to succeed: people who have ridden a shuttle and formed an opinion from direct experience, and
people who would consider using one without having ridden it.

These pilots matter because they reproduce the conditions under which acceptance is ac-
tually formed. The shuttles travel slowly, stop frequently and carry a steward who can intervene,
and each of these features shapes the attitudes that passengers report.

Reviews of the early deployments treat the pilot phase as a window in which public opinion is
still plastic,(1)and the experience accumulated in that window determines whether operators and
authorities commit to permanent services. Real-world pilots, rather than hypothetical scenarios, are
therefore the appropriate evidence base for judging whether the public will accept these vehicles.

Acceptance research on these vehicles rests on the technology acceptance tradition. The
Technology Acceptance Model (TAM) explains intention to use a technology through perceived
usefulness and perceived ease of use,(4)the Unified Theory of Acceptance and Use of Technology
(UTAUT) adds performance expectancy, effort expectancy, social influence and facilitating condi-
tions,(5)and its extension UTAUT2 incorporates hedonic motivation, price value and habit.(6)

The Theory of Planned Behavior contributes attitude, subjective norm and perceived beha-
vioral control.(7)For automated shuttles specifically, the Acceptance of Automated Road Transport
Systems model adapted UTAUT to public transport vehicles,(2)and the included studies of this
review use these constructs, together with trust, perceived safety and comfort, as their outcome
measures.

Trust, perceived safety and comfort sit outside the original TAM and UTAUT specifications
but dominate the shuttle literature, which is why the included studies almost all add them to the
inherited scales. This review therefore treats the classical models as a vocabulary for describing
determinants rather than as the hypothesis being tested.

The acceptance of automated vehicles has been measured mainly through stated-preference
and questionnaire studies. Large cross-national surveys have documented moderate willingness to
use driverless vehicles and persistent concerns about safety, liability and the absence of a human
driver.(8,9)

Reviews of this evidence show that hypothetical choice experiments predominate,(10)which
limits what they can say about the experience of a real ride. Field pilots have generated a parallel
literature of surveys and interviews conducted before and after exposure to an actual shuttle, but
this literature has not been consolidated. The pilot studies differ from the questionnaire studies in
one decisive respect: their respondents have ridden the vehicle. A ride supplies the sensory and
safety information that a scenario cannot, and that difference is the reason the two literatures ask
the same questions but reach different magnitudes.

Prior reviews treat automated vehicles as one undifferentiated category or rely on scenarios
that respondents have never experienced, and none synthesizes acceptance measured in real pu-
blic transport shuttle pilots. Individual pilot studies also report discordant results: some find that
a single ride increases acceptance, whereas others document persistent discomfort and distrust.

The contrast between users with direct shuttle experience and users without it, and between
determinants that belong to the user and determinants that belong to the vehicle and its service,
remains unresolved. Europe dominates the pilot record because European programmes such
as CityMobil2 and SHOW funded most early deployments, whereas North American and Asian
evidence is thinner; the determinants identified here are therefore calibrated on dense, walkable
European settings and may not transfer to car-dependent contexts.

The objective of this review was to synthesize the empirical evidence on the determinants
of user acceptance and intention to use automated shuttles in real-world public transport pilots
published between 2013 and 2025, comparing experienced and inexperienced users and user-re-
lated versus system-related determinants.

https://doi.org/10.62486/tms2025206 2


https://doi.org/10.62486/tms2025206

Valdez Lizarraga et al. SAP Transport, Mobility & Society. 2025;4:206

METHODS

This systematic review followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 statement.(11)

Studies were eligible if they reported primary empirical data on the acceptance, intention
to use, willingness to use, satisfaction, trust, perceived safety, comfort or attitudes of users or pas-
sengers toward an automated, autonomous or driverless shuttle, minibus or bus, collected in a
real-world deployment, pilot, field trial, demonstration, test ride or living lab. Wizard-of-Oz rides
on public roads with a hidden safety driver were eligible because participants experienced a real
vehicle in real traffic.

The population comprised shuttle riders and the general public with direct exposure to a pilot,
including older adults, people with disabilities and tourists. Studies of hypothetical services with no
actual ride, stated-preference experiments without exposure, driving simulator and virtual reality
studies, and studies of pedestrians, cyclists or other road users who did not ride the shuttle were
excluded. Reviews, editorials, expert studies and purely technical or operational papers without an
acceptance outcome were also excluded.

The outcome constructs were interpreted against the technology acceptance tradition, so
that perceived usefulness and ease of use,(4)performance and effort expectancy,(5)and trust, per-
ceived safety and comfort were all treated as acceptance measures.

Scopus, OpenAlex and Crossref were searched. Searches combined terms for the vehicle,
the setting and the outcome. In Scopus, field codes and Boolean operators were used, and the
core query was TITLE-ABS-KEY(“automated shuttle” AND (acceptance OR “intention to use” OR
satisfaction OR trust)). Four additional Scopus queries varied the vehicle term (autonomous shu-
ttle, autonomous minibus, automated minibus, self-driving shuttle, autonomous bus, automated
vehicle) and the outcome term (acceptance, attitude, intention, passenger).

Two equivalent free-text queries were run in OpenAlex and two in Crossref. The four additio-
nal Scopus queries were TITLE-ABS-KEY(“autonomous shuttle” AND (acceptance OR “intention to
use” OR satisfaction OR trust)), TITLE-ABS-KEY(“autonomous minibus” OR “automated minibus”
OR “self-driving shuttle” AND (acceptance OR user)), TITLE-ABS-KEY(“autonomous bus” AND (ac-
ceptance OR “public transport” OR passengers)) and TITLE-ABS-KEY(“automated vehicle” AND
“public transport” AND (acceptance OR attitude OR intention)). No language filter was applied
at the search stage, and every query was restricted to records published between 2013 and 2025.

RESULTS

Study selection

Figure 1. PRISMA 2020 flow diagram of study selection.
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The searches identified 754 records, and after the removal of 136 duplicates, 618 records were
screened by title and abstract (Figure 1). Screening excluded 489 records and left 129 reports that
were sought for retrieval. Full texts could not be retrieved for 113 reports because no legitimate
open-access version was available, so 16 reports were assessed for eligibility. Six reports were ex-
cluded at this stage.

The three exclusions for lack of a real-world pilot were surveys that asked about hypotheti-
cal services without an actual ride. Ten studies met the inclusion criteria. Scopus contributed 354
of the identified records, OpenAlex 200 and Crossref 200; a record retrieved by two sources was
counted once.

Characteristics of included studies

The ten included studies were published between 2018 and 2025 and together enrolled 2,961
participants (2,961) (Table 1). Eight studies were conducted in Europe(8), one in North America(1)
and one in Asia(l).

Germany contributed three studies, set in Berlin,(12)Braunschweig(13)and Karlsruhe;(14)the
remaining European evidence covered pilots in Austria,(15)Estonia(16)and Sweden,(17)together
with two multi-country comparisons.(18,19)

The single North American study tested older drivers in Florida,(20)and the single Asian study
surveyed four pilot cities in China.(21)

The designs were predominantly cross-sectional. Eight studies administered a questionnai-
re at a single point after exposure(8), and two studies repeated the measure before and after the
ride(2).

The pre-post studies were the Wizard-of-Oz experiment in Braunschweig, which surveyed
35 participants at three time points,(13)and the demonstration with older drivers in Florida, which
followed 104 participants through a ride in a bus depot.(20)Sample sizes ranged from 35(13)to
837,(18)and five studies enrolled fewer than 300 participants.

The vehicles were mostly first-generation automated shuttles. The EasyMile EZ10 or its up-
graded EZ10 Gen2 appeared in five studies, in Berlin,(12)Florida,(20)Karlsruhe,(14)Kista(17)and the
Baltic comparison.(18)Navya shuttles served the Austrian trial,(15)the Baltic comparison(18)and the
multi-site correlation study,(19)which also included robo-taxis in Graz and autonomous buses in
a Madrid depot.

The remaining studies used a locally built Estonian shuttle,(16)Chinese autonomous buses(21)
and a Wizard-of-Oz vehicle whose automation was simulated.(13)A safety steward or operator was
present on board in every pilot, and in the Austrian trial some passengers reported feeling safe
only because that operator was there.(15)

The samples were convenience or self-selected in every study. The Berlin survey drew 227
men and 135 women with a mean age of 35.5 years,(12)the Florida demonstration enrolled commu-
nity-dwelling drivers aged 65 to 91 years,(20)and the Baltic comparison reached passengers across
four countries without a quota for representativeness.(18)

The Chinese study surveyed commuters near autonomous bus stops in four cities,(21)and
the Swedish panel targeted people living, working or studying near the Kista service.(17)Pilot years
ranged from 2016 and 2017 in Austria(15)to 2022 and 2023 in the SHOW project.(19)

All ten pilots ran at low speed and in constrained environments. The Austrian shuttle operated
on a 1.4-km public road,(15)the Berlin shuttle circled an office campus,(12)and the Kista service was
free for first- and last-mile trips.(17)

The Baltic minibuses ran on open roads in mixed traffic with up to eight seats and a safety
driver,(18)whereas the Karlsruhe shuttle was an on-demand service whose users complained about
a complex booking app.(14)

None of the pilots removed the steward, and none operated at the speed of conventional
buses, so the acceptance measured here refers to a supervised, low-speed service. None of the
services operated as a scheduled, driverless replacement for a conventional bus route, and most ran
free of charge or at a heavily subsidised fare. Publication activity peaked in 2021 and 2024 (Figure 2).
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Table 1. Characteristics of the ten included studies.

Study Country Design Sa(mn)ple Vehicle and pilot Main finding
. Pre-post WoZ WoZ shuttle, real Intention high before and after
Rybizki et al. (2022) Germany field 35 traffic o et
Classen et al. (2021) United States Pre—post' 104 EZ10, bus depot ji=chinelegy readlqess arjd bartiers
demonstration predicted intention
Cross- i i .
Nordhoff et al. (2018) Germany sectional 384 EZ10, Berlin campus Seslilve sulileiss Hase e
luggage space rated low
survey
oz iseAuto shuttle
Kalda et al. (2021) Estonia sectional 51 Tallinn ! High experience and safety scores
survey
Cross- ; .
Barthelmes et al. . EVA Shuttle, 68.3% intended to use; users
Germany sectional 202
(2024) Karlsruhe above non-users
survey
P o . oo
Rehrl et al. (2018) Austria Pl 294 Navya Arma, Koppl S eleyEel s il 5250 vaL
survey not replace a car
. erss- Autonomous buses, Trust and satisfaction were the
Dong et al. (2024) China sectional 400 " ! .
four cities strongest predictors
survey
Papadopoulos et al. | Austria, Sweden, . . Smooth driving correlated with
(2025) e Correlational 70 SHOW pilots e s =
. 44% unwilling to pay extra; safety
Chee et al. (2020) Sweden Panel survey 584 EZ10, Kista and comfort drove WTP
Poland, Finland Crgss- Navya and EasyMile Positive safety and experience;
Bellone et al. (2021) ! o sectional 837 o !
Norway, Estonia survey minibuses men scored lower

Risk of bias

Note: WoZ = Wizard-of-Oz; n = sample size; EZ10 = EasyMile EZ10.

Figure 2. Number of included studies by publication year.
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Publication year
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No study was rated at low risk of bias: seven were rated moderate (7) and three high (3) (Ta-
ble 2). The most frequent threats were self-selected or convenience samples, samples below 100
participants, and the absence of reported response rates. The three high-risk studies were the two
smallest surveys and the correlation analysis, whose estimates were not statistically significant.

The moderate ratings reflected specific weaknesses rather than a common failure. Nordhoff et
al.(12)reached 384 of about 1,600 transported passengers, and Bellone et al.(18)reached 837 of more
than 15,000 passengers, so both samples skew toward people already interested in the technology.
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Barthelmes et al.(14)obtained a mailing response rate of 11.8% with young residents underre-
presented, and Rehrl et al.(15)surveyed a convenience sample of 294 of 874 passengers immediately
after the ride. Kalda et al.(16)surveyed 51 of 514 passengers with minimal methodological detail,
and Papadopoulos et al.(19)combined per-site passenger samples of 12 to 45 participants whose
correlations did not reach statistical significance.

Instrument quality also varied. Four studies used validated scales, including UTAUT2 in the
Wizard-of-Oz experiment,(13)an extended UTAUT in the Chinese survey,(21)and factor-analysed
items in the Berlin and Kista questionnaires.(12,17)

Others used ad hoc questionnaires with little reported psychometric detail, which weakens
the comparability of the ratings.(15,16)Blinding was absent everywhere, but for self-reported attitu-
des it is a minor rather than a decisive threat. None of the ratings reflects an intention to exclude,
and the high-risk studies are retained because they are the only evidence for their specific contexts.

Users with direct shuttle experience versus users without it

All ten studies measured acceptance after a real ride, but only two studies directly compared
riders with non-riders, and the direction of the difference was consistent.

Table 2. Risk of bias of the included studies.

Study Rating Main concern
Rybizki et al. (2022) High Small sample, Wizard-of-Oz setting
Classen et al. (2021) Moderate Self-selected sample
Nordhoff et al. (2018) Moderate Self-selected early adopters
Kalda et al. (2021) High Small sample, minimal detail
Barthelmes et al. (2024) Moderate Low response rate
Rehrl et al. (2018) Moderate Convenience sample
Dong et al. (2024) Moderate Non-probability sampling
Papadopoulos et al. (2025) High Very small samples, nonsignificant
Chee et al. (2020) Moderate Skewed sample
Bellone et al. (2021) Moderate Voluntary sampling

Barthelmes et al.(14)reported that, among residents who had used the EVA Shuttle, 74.4%
intended to use automated minibuses, compared with 66.9% among residents who had not used it,
a gap of 7.5 percentage points. Chee et al.(17)found that automated bus ride experience predicted
willingness to pay, together with perceived safety and ride comfort, in a sample in which 46.7%
had taken at least one ride.

The pre-post studies point in the same direction. Rybizki et al.(13)observed that behavioral
intention was high before a first Wizard-of-Oz ride and remained high afterward, with performance
expectancy as the only significant predictor before exposure. Classen et al.(20)found that intention
to use after a ride depended on technology readiness (beta = 0.247) and on barriers to acceptance
(beta = -0.504), whereas age, cognition and driving habits did not predict intention.

The trajectory within the pre-post studies was stable rather than transformational. Rybizki et
al.(13)measured intention at three points, before the first ride, after the first ride and after a second
ride with two staged incidents, and intention remained high at all three points, with performance
expectancy the only predictor that was significant before exposure. Classen et al.(20)reported that
driving difficulty predicted intention in the regression model (p = 0.019), whereas the structural
model attributed intention to technology readiness and to perceived barriers. Intention did not
change materially across the measurement points.

Post-ride evaluations were positive even when they stopped short of full endorsement. Rehrl
et al.(15)recorded that more than 92% of passengers enjoyed the ride, although 59% rejected the
idea that a self-driving shuttle could replace their car. Nordhoff et al.(12)reported that older res-
pondents expressed a higher intention to use the shuttle, yet rated the shuttle less effective than
their existing travel.

The Tallinn survey showed the same ceiling, with 94.1% willing to ride during daytime com-
pared with 59.9% at night.(16)

Car replacement received the lowest endorsement. In the Austrian pilot, 40% of passengers
could imagine a self-driving shuttle replacing their first or second car, whereas 59% could not.(15)
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The Berlin respondents rated the shuttle less effective than their existing travel,(12)and the
Karlsruhe non-users named low speed and availability rather than fear as their reasons for not using
the service.(14)Acceptance as a feeder therefore coexists with a refusal to substitute the shuttle
for the private car.

User-related versus system-related determinants

The determinants reported by the ten studies separated into those that reside in the user and
those that reside in the vehicle and its service (Table 3). Trust and satisfaction were the strongest
user-related predictors. Dong et al.(21)estimated that satisfaction (beta = 0.202) and trust (beta =
0.165) predicted intention to use autonomous buses more strongly than performance expectancy
(0.127), effort expectancy (0.117) or social influence (0.105), and that perceived risk weakened every
one of these effects.

Technology readiness and prior familiarity operated in the same direction in older drivers(20)
and in Swedish commmuters.(17)

Preparedness also operated as a moderator rather than a direct cause. Older drivers with
higher technology readiness expressed stronger intention to use, and the same construct shaped
acceptance of the shuttle as a complement to, rather than a replacement for, the private car.(20)
In Karlsruhe, the highest intention to use was reported by mobility-impaired residents (91%) and
by car-free households (78%).(14)T

he Chinese model showed a related pattern, because perceived risk reduced the effect of
every favourable predictor on intention.(21)

Age and gender effects were smaller and less consistent. Bellone et al.(18)found that men
reported lower safety scores than women across the four Baltic cities, whereas Nordhoff et al.(12)
found older respondents more willing to use the shuttle. Neither age nor gender approached the
size of the trust and readiness effects reported in the structural models.(20,21)

System-related determinants centred on perceived safety, comfort, speed and service effec-
tiveness. Perceived safety was high in the Austrian pilot, in which some passengers felt safe only
because an operator was on board,(15)and in the Baltic comparison, in which mean safety scores
ranged from 5.62 in Kongsberg to 6.60 in Gdansk on a seven-point scale.(18)

omfort followed the same pattern, with overall experience scores between 4.35 and 4.85 on
a five-point scale across the four Baltic cities.(18)

Speed and effectiveness were recurring weaknesses. Respondents in Berlin were less satisfied
with shuttle speed and luggage space,(12)and residents in Karlsruhe named low speed, a complex
booking app and limited availability as barriers to use.(14)

Objective vehicle data converged with these reports, because smoother speed profiles and
fewer hard-braking events correlated with higher perceived comfort (rho = -0.93 and -0.99) and
perceived safety (rho = -0.81 and -0.92).(19)Willingness to pay in Kista rose with perceived safety and
ride comfort, although almost half of respondents would pay nothing extra.(17)

Context shaped the same determinants. Daytime willingness was higher than night-time
willingness in Tallinn,(16)and willingness to use without an operator varied across the Baltic cities,
which suggests that perceived security, as distinct from traffic safety, responds to the surroundings
of each route.(18)

Comfort and safety also moved together: the multi-site comparison found that the site with
the smoothest driving profile recorded the highest perceived comfort, and the site with the most
hard-braking events recorded the lowest perceived safety.(19)

System-related determinants appeared in more studies than user-related determinants
across the ten studies. Perceived safety and comfort were reported in eight studies and speed and
effectiveness in six, whereas trust and satisfaction appeared in three and technology readiness in
two.

Frequency is not weight, but the asymmetry matches the structural models, in which the
service features explained more variance in intention than the demographic variables did.(20,21)

The same asymmetry appears in the willingness-to-pay evidence, where the service attribu-
tes, not the respondent profile, carried the pricing decision.(17)

https://doi.org/10.62486/tms2025206 7
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Table 3. Determinants of acceptance by domain and direction.

Domain Determinant Direction Supporting studies
User-related Trust and satisfaction Positive Dong et al. (2024)
User-related Technology readiness Positive Classen et al. (2021)
User-related Prior ride experience and familiarity Positive Chee et al. (2020); Barthelmes et al. (2024)
User-related Older age Mixed Nordhoff et al. (2018)
User-related Gender Mixed Bellone et al. (2021)

System-related Perceived safety Positive Rehrl et al. (2018); Bellone et al. (2021)

System-related Comfort and smooth driving Positive Faipaeopetlos e(tz(a)IZ.gOZS); Chze stal

System-related Speed and effectiveness Barrier Nordhoff et al. (2((;1082)2)Barthelmes stal

System-related Night operation Barrier Kalda et al. (2021)
DISCUSSION

The expectation that the public would resist automated shuttles was not confirmed by the
included evidence. Ten studies with 2,961 participants reported acceptance and intention to use
that were favourable before a ride and remained favourable afterward. The favourable average
conceals two consistent contrasts, however: users with direct experience were more willing than
users without it, and system-related determinants, particularly perceived safety and speed, boun-
ded how far that acceptance extended.

The contrast between experienced and inexperienced users explains why the included stu-
dies differ from the wider stated-preference literature. Surveys that ask respondents to judge a
hypothetical vehicle report moderate or cautious willingness to use,(8,9)and emotions such as
amusement rather than informed judgment shape that hypothetical intention.(22)

Reviews of that literature describe acceptance as fragile.(3,10)Compared with those surveys,
the pilot studies reviewed here recorded stronger intention to use after exposure, a pattern that
Barthelmes et al.(14)captured directly by showing that users were 7.5 percentage points more
willing than non-users.

Afield experiment in China reports the same experience effect for shared autonomous vehi-
cles,(23)and temporal studies of automated buses find that acceptance and recommmendation rise
as exposure accumulates.(24)The mechanism is plausible: a supervised, low-speed ride replaces
the uncertainty that dominates hypothetical judgments with a concrete, generally uneventful
experience.

The psychological mechanism behind the experience effect is consistent with the theory
of planned behaviour and its successors. Actual experience converts abstract expectations into
concrete beliefs about ease of use and safety, which then feed intention through the same paths
that the models specify.(5,7)

The emotions that colour hypothetical judgments, such as amusement without direct
knowledge, give way to evaluations grounded in a remembered ride.(22)Because a supervised,
low-speed ride is usually uneventful, the beliefs it produces are favourable, which explains both
the high post-ride scores and their fragility once the service changes.

The user-related determinants converge with the general technology acceptance literature.
Trust and satisfaction were the strongest predictors of intention in the Chinese pilot study,(21)which
matches studies in which trust and technology anxiety outweigh performance expectations in
highly automated vehicles(25)and in which trust moderates intention in a dual SEM and fuzzy-set
analysis.(26)

Perceived usefulness and ease of use remain central in survey samples,(27)including the
comparison of partially and fully automated vehicles(28)and a priori acceptance of fully automated
vehicles.(29)The role of technology readiness in older drivers(20)agrees with work on older adults,
who show favourable attitudes but distinct barriers.(30-32)

Gender differences were weak in the included evidence, whereas several survey studies report
lower acceptance among women;(33)the difference may reflect the self-selected samples of pilot
riders rather than a stable gender effect.

For older adults the pattern is particularly clear. The included demonstration found that

https://doi.org/10.62486/tms2025206 8
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technology readiness, not age itself, predicted intention,(20)and the wider literature reaches the
same conclusion for older drivers and for older adults in Malaysia, whose acceptance turns on trust
and perceived risk rather than on chronological age.(30-32)

This matters for service design, because it implies that training and reassurance, not demo-
graphic targeting, are the levers for older riders.

The system-related determinants are the finding with the clearest practical implication. Per-
ceived safety, comfort, speed and service effectiveness recurred across almost every included study,
from the Digibus trial in Austria(15)to the Baltic comparison(18)and the Berlin campus.(12)

This aligns with earlier reviews that identify safety and comfort as the central conditions for
shuttle deployment(34)and with the synthesis of American shuttle pilots, which reports similar
operational constraints.(35)

The Brussels and Trikala pilots reported in the wider literature show the same high post-ride
satisfaction together with reservations about speed and car replacement.(36,37)

Smooth driving appears to translate directly into acceptance: objective speed and braking
profiles correlated with perceived comfort and safety,(19)and willingness to pay in Kista rose with
perceived safety and comfort.(17)

A further contrast runs through the included studies but is rarely quantified: the presence of
the safety steward. In the Austrian trial some passengers reported feeling safe only because an ope-
rator was on board,(15)and in the Baltic comparison the minibuses always carried a safety driver.(18)

This finding qualifies the high safety scores and matches the stated-preference literature, in
which the absence of a human operator is among the strongest sources of reluctance.(9,29)Ac-
ceptance measured under supervision may therefore not transfer to a future service that removes
the steward, and the conditional phrasing reported by passengers in Koppl should be read as a
boundary on the favourable results.

A distinction that two studies make implicitly is worth making explicit: perceived traffic safety
and perceived personal security are different constructs. The Baltic comparison measured both
and found that they behaved differently across cities, with personal security responding to the
surroundings of each route.(18)

The Tallinn night-time drop in willingness to ride is a security effect rather than a traffic-sa-
fety effect.(16)Interventions aimed at traffic safety, such as smoother driving,(19)will therefore not
automatically address the security concerns that suppress night-time and unaccompanied use.

Heterogeneity across contexts qualifies the synthesis. The included studies span three regions
and nine countries, and the multi-country comparison found that mean safety scores varied from
5.62 to 6.60 across four cities, partly because of route design.(18)

Cross-cultural work reports different weights for the same determinants in China and Euro-
pe,(38)and city size moderates intention to adopt in China,(39)while young adults in China respond
to a different configuration of trust and social influence.(40)

Policy measures and pricing also shift acceptance, which is consistent with the finding that
almost half of the Kista respondents would pay nothing extra(17)and with the moderating effect
of policy on adoption intention.(41)These contextual effects mean that a determinant identified in
one pilot should not be generalized to another without the deployment conditions.

The geographic concentration of the evidence limits external validity. Eight of the ten stu-
dies were European, and the European pilots were mostly small, dense and walkable settings; the
single North American study was a depot demonstration for older drivers, and the single Asian
study was a four-city survey.

Whether the same determinants hold in suburban, car-dependent or low-income contexts
is unknown, and the two multi-country studies show that even within Europe the weights of the
determinants shift between cities.(18,19)Transferring these findings to other regions should there-
fore be done with the deployment context attached.

Measurement heterogeneity is a further source of divergence. The included studies used
UTAUT2 scales,(13)extensions of UTAUT with satisfaction and trust,(21)principal components of
shuttle attributes,(12)and ad hoc experience questionnaires,(15,18)which is why a meta-analysis
was not possible.

The frameworks themselves predict overlapping constructs, and the shuttle adaptation of
UTAUT(2)shows that performance expectancy and facilitating conditions do not always behave as
the generic model expects once a real vehicle replaces a hypothetical one.

The certainty of this evidence is low. The three high-risk studies, the absence of a single low-
risk study and the small samples that dominate the field mean that the point estimates reported
here, from the 7.5 percentage-point experience gap to the trust coefficients in the Chinese model,
are imprecise and probably optimistic. The consistency of the direction of effects across countries
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and designs is the strongest feature of the evidence, whereas the magnitude of any single deter-
minant should be treated with caution.

Read together, the two contrasts describe a single funnel. A person enters the pilot with a
prior shaped by age, readiness and habit; the ride then acts on that prior mainly through safety,
comfort and the perception that the service is effective; and the outcome is an intention that re-
mains conditional on the same system features. Where the system features are weak, as in night
operation or car replacement, the favourable prior does not convert into use. This funnel is the
most parsimonious account of the ten studies and the clearest guide for operators and authorities.

The review has several strengths. It is the first synthesis restricted to acceptance measured
in real shuttle pilots, and it separates determinants that belong to the user from those that belong
to the system. The PRISMA flow and the extraction table make every count reproducible, and the
risk-of-bias appraisal is attached to each study rather than stated in aggregate. The explicit repor-
ting of the not-retrieved reports keeps the selection transparent. The two-contrast structure, which
separates the person from the service, is a deliberate simplification that mirrors how operators
actually design interventions.

All included studies employed quantitative designs and relied on non-probability convenien-
ce samples, limiting the generalizability of the findings. None was assessed as having a low risk of
bias, raising concerns that the favourable attitudes reported may overestimate acceptance among
the general population. Additionally, restricting eligibility to open-access full texts prevented the
assessment of 113 potentially relevant reports, which may have excluded relevant evidence and
introduced selection bias. Future reviews should seek institutional access to these publications to
improve the comprehensiveness of the evidence base.

The practical implications follow from the two contrasts. Operators should treat the first ride
as the main conversion instrument, because exposure raises intention to use, and should invest
in the system-related determinants that bound acceptance: perceived safety, smooth and com-
fortable driving, and a service that is fast enough and available enough to compete with existing
travel. Where those constraints are not met, as in the night-operation and car-replacement findings,
acceptance remains conditional even among users who enjoyed the ride.

For public authorities, the implications extend beyond the pilot. The finding that almost half
of the Kista respondents would pay nothing extra(17)and that policy measures moderate adoption
intention(41)suggests that fare policy and regulation, not only vehicle performance, will decide
whether automated shuttles move from demonstration to scheduled service.

The accessibility signal in Karlsruhe, where mobility-impaired residents reported the highest
intention to use,(14)argues for positioning shuttles as an inclusive service rather than a technology
demonstration.

For researchers, the agenda is equally concrete. The ten studies agree on direction but not
on instruments, so a common core questionnaire that adds trust, safety and comfort items to
UTAUT2(6)would make the next generation of pilots comparable and, eventually, meta-analysable.
Longitudinal designs that follow the same riders before and after exposure would replace the cu-
rrent reliance on cross-sectional snapshots, and studies that separate users from non-users would
let the experience effect be estimated in every pilot rather than in the two that quantified it.(14,17)

CONCLUSIONS

The review characterized ten studies of acceptance of automated shuttles in real-world pilots,
published between 2018 and 2025 and conducted mostly in Europe. The determinants separated
into user-related factors, led by trust, satisfaction and technology readiness, and system-related
factors, led by perceived safety, comfort and speed. Users with direct shuttle experience were
consistently more willing than users without it, and the pre-post studies showed that acceptance
remained high after exposure. The evidence is limited by small self-selected samples and by the
absence of low-risk-of-bias studies, so the favourable estimates should be read as the attitudes of
early adopters rather than of the general public.
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