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Shared automated vehicles (SAVs) may transform urban
mobility but face strong public resistance. Existing acceptance
research is fragmented and often relies on complex
frameworks. We introduce a simplified shared automated
vehicle acceptance (SAVA) model, identifying trust, utility
and social comfort as core predictors of SAV acceptance.
Using structural equation modelling, we tested whether
these factors form a general acceptance factor (GAF) or
operate as distinct but correlated predictors of intention
to use. A 2 × 2 × 2 experimental design further assessed
whether targeted informational interventions could increase
trust, utility and social comfort. Monte Carlo-based power
analyses indicated a minimum of 800 participants to detect
small effects (Cohen’s f = 0.20) with 80% power at α =
0.05; we recruited 1250 respondents after data cleaning,
ensuring adequate power. Results show that trust, utility and
social comfort are best modelled as distinct but correlated
constructs, implying rather than establishing a GAF. Utility
exerted the strongest effect. Experimental manipulations had
no significant impact, suggesting stronger interventions are
needed to shift acceptance. The SAVA model provides a
parsimonious, testable framework explaining intention to use
SAVs. This recommended registered report advances theory
and offers practical insights for policymakers and providers
seeking to improve SAV acceptance.

© 2025 The Authors. Published by the Royal Society under the terms of the Creative
Commons Attribution License http://creativecommons.org/licenses/by/4.0/, which permits
unrestricted use, provided the original author and source are credited.

Registered report

Cite this article: Aasvik O, Ulleberg P,
Hagenzieker M. 2025 A simple model for complex
technology: introducing and testing a framework
to understand acceptance of shared automated
vehicles. R. Soc. Open Sci. 12: 251891.
https://doi.org/10.1098/rsos.251891

Received: 3 October 2025
Accepted: 24 October 2025

Subject Category:
Psychology and cognitive neuroscience

Subject Areas:
psychology

Keywords:
shared automated vehicles, public acceptance,
SAVA-model

Author for correspondence:
Ole Aasvik
e-mail: ole.aasvik@toi.no

Supplementary material is available online at
https://doi.org/10.6084/m9.figshare.c.8172454.

Downloaded from http://royalsocietypublishing.org/rsos/article-pdf/doi/10.1098/rsos.251891/4436609/rsos.251891.pdf
by TU Delft user
on 13 February 2026

http://orcid.org/
http://orcid.org/0000-0002-0999-7885
http://orcid.org/0000-0002-3364-318X
http://orcid.org/0000-0002-5884-4877
http://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.1098/rsos.251891&domain=pdf&date_stamp=2026-02-03
https://doi.org/10.1098/rsos.251891
https://doi.org/10.6084/m9.figshare.c.8172454


1. Introduction
Automated vehicles (AVs) could provide great benefits to cities and transport infrastructure [1–3].
While they may improve safety, reduce emissions, and provide better and more inclusive public
transport, the technology also brings its own potential issues such as cybersecurity and moral issues
[4]. This may be exacerbated in a development phase with imperfect vehicle technology, which is
reflected in a marked public resistance towards AV introduction [5–7]. Shared AVs (SAVs) is a sub-set
of AVs that may bring about its own advantages and barriers to adoption. SAVs refer to self-driving
vehicles used for shared or pooled transport. They differ from privately owned AVs in that they are
typically operated as part of a public or semi-public transport service. These SAVs can be multiple
sizes, from small pods to full-scale buses. However, they are mostly referred to as large SUVs or vans
carrying 6–10 passengers. The term ‘automated’ typically refers to a system that has some automation,
while the more general ‘autonomous’ suggests a fully automated system. Current AVs and SAVs have
a range of automated functions, but none of them are yet fully autonomous.

Ridesharing allows for an more efficacious and optimized transport solutions. However, the very
social situation may be a deterrence by itself, as this is a more intimate form of transport [8–10]. To
create an SAV service that best caters to the public’s desires, we need social science to accompany the
advent of self-driving technologies. There may be psychological obstacles for wide adoption, such as
tech-distrust, social barriers of sharing and a low perceived usefulness [11,12]. Lack of user acceptance
of AVs is the most prominent barrier to its widespread success [13]. It seems that several unanswered
questions remain about key issues in user acceptance of SAVs. Still, there is a paucity of research using
sound theoretical foundation, with just a quarter of all studies on SAV acceptance using a theory at all
[14].

While understudied, acceptance of AVs has received recent attention. However, the theoretical
frameworks used are vast and complex [15,16]. Furthermore, most of them focus on privately owned
cars, rather than SAVs introduced to the public transport sector [16,17]. The social nature of sharing
AVs may introduce a novel factor to consider for potential riders. This field remains understudied
[9,14]. We want to address this research gap by suggesting a new framework based on the current
research. This new framework will include the key concepts for predicting SAV acceptance, named
the ‘shared automated vehicle acceptance’ (SAVA) model. We want to test this new framework to
see whether a shorter survey could adequately explain intentions to use SAVs. We test experimental
manipulations to see whether changes in these key factors can lead to increased willingness to use
SAVs. First, we will present a literature review justifying our novel approach.

1.1. Automated vehicle acceptance models
While still a young field, the psychological research into user acceptance of new technologies has
received wide attention. The unified theory of acceptance and use of technology (UTAUT) is a key
framework for understanding technology uptake developed during the past two decades [18–20]. This
theory builds on previous research into behaviour (i.e. theory of planned behaviour) and technology
adoption (i.e. technology acceptance model (TAM)), and is, as the name suggests, an attempt to
develop a unified framework [18,21,22]. The UTAUT has seen widespread use and modification,
leading some to suggest that the main tenets of the theory remain somewhat untested [15]. They
say that a more faithful use of the core dimensions performance expectancy, effort expectancy, social
influence and facilitating conditions, would yield better results for efforts using the UTAUT. How-
ever, with a recent synthesis of extensions adding further predictors and moderators, the framework
remains vast and complex [15].

Other recent efforts have tried to combine the UTAUT and AV acceptance research into novel
models [16,17]. The multi-level model on automated vehicle acceptance (MAVA) and the UTAUT-4AV
are both extensive and presented as models needing further validation and specification to each
relevant case. The MAVA is geared towards privately owned cars, rather than shared public transport
vehicles. The UTAUT-4AV is more tailored towards automated shuttles and can explain more than
90% of the variance in intention to use. This is unusually large for psychological research, almost
perfectly predicting the outcome variable. UTAUT models typically predict between 50% and 70% of
this variance [15,17]. Recent efforts suggests that there may be room to apply Occam’s razor to reduce
the number of included factors while retaining a good amount of explanatory power [23,24]. This
may be because most of the population still have limited experience with AVs, making the perception
of AVs more parsimonious and general. Such a simplification could yield more practically oriented
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models that are easily applied in experiments, field tests and longitudinal research. It remains an open
question how well a simplified model can account for SAV acceptance, and which constructs are most
essential to include. Additionally, it may be important to track whether, and for how long, the single
factor remains the best conceptualization, given that people’s experience with AV technology will grow
in coming years.

We suggest a simplified SAVA model consisting of merely three predictors of AV acceptance:
trust, utility and social comfort. These three factors are conceptualized as constituents of the general
acceptance factor. This removes the need for including socio-demographic information, the effects of
which often disappear when sociopsychological measures are introduced [16,25]. The model thus does
not imply a set of moderating factors like its more complex predecessors. A simple and effective model
may help increase the hitherto low share of research conducted that includes theoretical frameworks
by lowering the bar and streamlining the approach [14]. This could also help to align research
approaches with each other, as it clearly delineates the application to shared mobility as opposed to
privately owned cars. Last, this model clearly communicates to stakeholders what the most important
focal points for acceptance are. Like contemporary frameworks, it focuses on the most fundamental
concepts for user acceptance of AVs [26]. While these three predictors have been found to be the most
efficacious in predicting intention to use SAVs, research remains to cement their value in application,
independence and sufficiency [27,28].

The SAVA model was developed with the explicit goal of parsimony, retaining only the most
efficacious predictors of SAV acceptance. We propose reducing a wide range of antecedents found
in prior models such as MAVA, UTAUT and UTAUT-4AV into three core constructs, namely trust,
utility and social comfort. The SAVA offers a more streamlined framework that is easier to apply in
early-stage deployment studies, public surveys and experimental interventions. This simplification,
however, comes with trade-offs. Established constructs like effort expectancy, facilitating conditions
and social influence are omitted from SAVA in favour of clarity and manageability, even though they
are known to hold predictive value in some cases. However, research has found that the more complex
models often include predictors that are superfluous in explaining intentions to use [15,17,23,29–31].
The complexity of UTAUT and similar frameworks has been criticized for being overly complex and
plunging the field of technology acceptance into a state of chaos [32,33]. By including more than 40
relationships in a framework explaining technology use behaviour, the UTAUT is criticized for being
an uncoordinated patchwork of theories rather than a streamlined model for explaining behaviour
efficiently [32]. Although heavily cited, as few as 10% employ the UTAUT constructs in their intended
context [34]. These issues may stem from its overly complex nature and more parsimonious models are
suggested as a possible solution exactly because they are easier to employ correctly [35,36]. Discarding
predictors that have been shown to be efficacious predictors should only be done for good reasons. We
believe the reasons are plentiful in this case, although we acknowledge the limit it puts on the model’s
comprehensiveness. As such, we do not position SAVA as a full substitute for models like UTAUT, but
as a focused instrument to probe public response to SAVs under uncertainty, especially when brevity
and construct clarity are paramount. In the following, we will present the elements of our proposed
parsimonious SAVA-model.

1.2. Trust
The first cornerstone of our SAVA-model is the factor trust. Much evidence has accumulated showing
the importance of trust in automation as important predictors of future use [16,28,37–39]. Trust is
conceptualized broadly. As systems become more sophisticated, users’ trust of systems will increas-
ingly be akin to the trust towards other people [40]. Research have long found that there are only
small differences between concepts of trust across different types of relationships, including towards
machines or automations [41]. We therefore suggest that there are only minor nuances between these
conceptualizations. Recently, a new measurement model of trust in automation was proposed, based
on previous foundational models [38,39,42]. These are based on three dimensions: ability, integrity
and benevolence [42], performance, process and purpose [39], or competence/reliability, understanda-
bility/predictability and intention of developers [38]. These three different conceptualizations share
considerable overlap, but the latest iteration also point to people’s familiarity with the technology
and their propensity to trust as important for explaining trust in automation. In summary, formation
of trust in AVs seem to be governed by how well and reliably AVs perform their intended task,
whether it performs rational and predictable actions, and whether the service is delivered by trusted
organizations.
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Trust is often closely tied to safety in AV acceptance research. Safety can be tied to the first pillar of
trust in AVs: ability, performance or competence. Improved safety is one of the key benefits promoted
for automating road transport [43,44]. Trust, along with safety, is conceptualized as fundamental for
AV acceptance in contemporary frameworks [11,45]. Conversely, safety concerns and trust issues may
discourage future use of AVs [46]. Trust predicts safety ratings, utility, comfort perceptions, as well as
intention to use [37,47–49]. This points to high interconnectivity between the concepts.

Transport authorities must carefully consider strategies for building trust when introducing SAV
services to enhance public acceptability. The reviewed research highlights key factors that may
influence trust in this context. Notably, some pilot programmes have inadvertently reduced trust and
willingness to use, probably owing to perceptions of technological immaturity [25,50,51]. Perceptions
of ability and reliability are central to fostering early trust in SAVs. Understandability or predictability
of AVs may be of importance for other road users as well as passengers, and will help increase
acceptance for both groups [52]. Last, the purpose and intention of developers is key, as has been
documented in high trust societies such as Norway [8]. To empirically test these ideas, we will conduct
an experiment to assess whether and how improvements in competence/reliability, understandabil-
ity/predictability and developers' intention affect trust evaluations. Providing targeted information
about SAV capabilities could be a key path towards improved SAV acceptance.

We define trust as the relational belief that the SAVs will behave benevolently, competently and
predictably in traffic. This is in line with recent applications of trust in AVs and SAVs [37,38]. We do
not include social trust in our concept of trust. Because trust has seldom been included in research
based on the UTAUT there is somewhat scarce evidence for how it relates to utility and similar
constructs [15,29]. However, trust and utility have been found to correlate on numerous occasions
[23,29,53–55]. However, their contribution to AV acceptance has never been fully superfluous, and
most associations fall in the medium to large effect size range. There is also a good reason to keep them
conceptually distinct as they represent different psychological mechanisms, relational and instrumen-
tal, and research traditions.

1.3. Utility
The second component of the SAVA-model is utility. Our conceptualization of utility mostly derives
from the TAM’s ‘perceived usefulness’ [22]. This dimension closely relates to the UTAUT concept of
‘performance expectancy’ [18] and the ‘perceived benefits’ concept [16,56]. Performance expectancy
has been found to be one of the strongest predictors of behavioural intention to use SAVs [17,27,28,57–
59]. Compatibility from diffusion of innovation technology is also similar to utility and can outper-
form UTAUT predictor ‘performance expectancy’ [27,60]. The redundancy between compatibility and
performance expectancy was noted by the authors [27]. Perceived value of a service has long been seen
as important for customers’ choice of one product over another [61]. In a real user setting with SAVs,
utility was also found as critically important for continued user intention of the service [62].

Developers of SAV services often highlight their potential utility gain, both in terms of improved
service coverage, efficiency, safety, travel cost and reduced emissions [63,64]. Social benefits such as
improved availability of public transport could also be achieved. Less affluent neighbourhoods, even
in welfare states such as Norway, have comparably lower public transport access than more affluent
neighbourhoods [65]. Travel time is consistently an important predictor of willingness to use SAVs
[66,67]. Delays are a great barrier to using SAVs, perhaps even more than the presence of strangers
[68]. Ease of use, travel time and trip cost is often found to be important for people’s intention to
use [11,44,46,66,69,70]. The somewhat ubiquitous nature underscores the importance of the utility-con-
struct, and it is placed as the second most fundamental step towards AV acceptance after trust in
a recent hierarchy [26,45,71]. We therefore aim to test how improvements in perceived utility affect
acceptance of SAV’s.

We define utility as the instrumental expectation that using the SAV will improve one’s travel goal
attainment relative to alternatives with regards to usefulness, mobility opportunities and a reduced
reliance on private cars. At its core, utility seeks to capture whether participants feel that the addition
of a SAV service would be a valuable addition to their everyday travel needs. It is similar to the
original concepts of perceived usefulness and performance expectancy, but adapted to the transport
context [20,22]. It does not include ease of use items or issues of predictability in travel flow, as the
latter is more aptly included in predictability under trust. Our utility concept aligns with a focus on
the added value of the service. As previously noted, utility and trust have been found to correlate.
This is also reasonable to assume, as it becomes more difficult to derive utility from a distrusted
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service. However, we argue that the two are conceptually different and should constitute independent
and significant predictors of SAV acceptance. The final factor of our proposed model examines the
relatively underexplored social dynamics of SAVs.

1.4. Social comfort
Sharing AVs is key to achieving the benefits of automation in future transport systems. The lack of
research on issues in ridesharing using AVs has been noted, and this may hamper the successful
introduction of SAVs [9,72]. Sharing makes AVs less popular, and those who are less comfortable
interacting with strangers are less likely to want to use SAVs [8,73]. Social comfort is found to be a key
predictor of public transport use [74]. Travellers may be concerned with sharing rides with strangers
because of security and privacy concerns, as well as a lack of social trust [75]. Privacy regarding
location data is also considered an issue when the service can drive you all the way to your doorstep
[76]. Discriminatory attitudes reduce ridesharing satisfaction and may be a significant hurdle for
people to use SAVs at all [77]. Such attitudes are similar to other models of intergroup prejudice such
as social dominance orientation, and can be considered relatively stable individual differences that
predict a host of attitudes [8,77,78]. Comfort with sharing has been found to be one of the important
predictors of willingness to use SAVs [23,27,79]. Including a set of items to capture people’s perception
of the social situation within SAVs thus seems pertinent. A willingness to pay extra for a ‘privacy
premium’ in SAVs has been documented, especially among younger riders [73,80].

However, perceptions of AVs appear to differ depending on whether they are privately owned
or shared as part of a public transport service. While private AVs are often framed as extensions of
personal space, SAVs fall in between regular public transport such as buses and the private sphere of
the car. For instance, the way a service is presented, whether as a large, bus-like vehicle or a smaller,
car-like vehicle, can shape expectations of privacy and social interaction, highlighting differences
in how the social environment is perceived [73]. Despite its potential significance, the role of the
social situation in SAV acceptance remains understudied. It has been pointed out that because of the
design of SAVs, that is between the private car and larger buses, it requires a new set of norms for
how to share. People have developed and engrained norms about sharing a bus, but a shuttle (6–10
passengers) or a SUV (2–4 passengers) may require development of a new culture of sharing [81].
More experimental research is needed to determine how service design can accommodate diverse
social preferences and emerging norms. To address this gap, we will experimentally test the role of
perceptions of SAVs’ in SAV acceptance.

We define social comfort as an affective-interpersonal appraisal of the social situation inside the
SAV: whether the vehicle feels safe, pleasant and normatively acceptable to share with strangers. In this
way, it is dissimilar from the concept of social norms that seeks to investigate how respondents believe
others think about using SAVs. This understanding is rooted in research on ridesharing and public
transport as well as intergroup dynamics from social psychology. Social comfort includes the ease
with which participants socialize with others and perceptions about the intimacy in smaller vehicles,
as well as thoughts about prejudice. It is similar but different to the traditionally measured hedonic
motivation, as our concept is more aimed at comfort with the social situation in particular [20]. Few
have tested social comfort in AV acceptance models. Comfort in a SAV and trust have been found to
correlate and hedonic motivation may correlate with utility [47,53,82]. Although these constructs may
correlate to some degree, we believe that social comfort is conceptually different to both utility and
trust. This is supported by previous research suggesting that they constitute different factors [23].

1.5. Norwegian case and attitudes
There have been many SAV pilots in Europe and Norway in recent years [83]. Norwegian pilots have
been conducted in several cities with Navya or EasyMile shuttles, as well as more traditional Toyota
vehicles. These early pilots were often characterized by small shuttle-like vehicles (6–10 passengers),
low speeds (max 15 km h−1) and limited routes. In 2025, there are two prominent deployments, one
large bus in Stavanger and a robo-taxi like SAV service in Oslo. These operate close to Society of
Automotive Engineers (SAE) level 4, but with a human operator as per early 2025. Recent investiga-
tions suggest that there are only small changes in people’s perceptions of an SAV service operating
in their neighbourhood, even though these shuttles have been found to operate sub-optimally in
several settings [25,50,51]. There was even a tendency towards a decline in trust and optimism about
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the service. Further Norwegian studies suggest that people fail to find that SAVs may improve
their mobility [84]. This could be a case of status quo bias or unwillingness to change the current
travel behaviour without a real incentive [85]. The Norwegian society is characterized by trust in the
government, and this trusting behaviour is further impacting beliefs about the SAVs [8]. Indeed, others
find high intention to use SAVs in the future [86]. There thus seems to be an ambivalence in the
Norwegian public, but they convene on trust and usefulness as important factors along with trusting
the introduction to be handled with control.

1.6. Research questions
This study has two primary aims. First, we seek to test a simplified measurement model for the
SAVA model. Specifically, we investigate whether trust, utility and social comfort represent distinct but
correlated predictors, or if they can be considered components of an overarching general acceptance
factor (GAF). By examining both a second-order factor model and a more parsimonious model where
these predictors directly influence intention to use SAVs, we aim to determine the most accurate
representation of acceptance.

Second, we aim to experimentally assess whether trust, utility and social comfort can be influ-
enced through targeted manipulations. This allows us to explore the extent to which these factors
are malleable and how interventions may enhance acceptance of SAVs. Understanding whether
these components can be shaped through experimental conditions provides insight into how policy
measures or clear communication could foster public trust and willingness to adopt shared automated
mobility solutions.

The conceptual model for the study is shown in figure 1.
This approach allows us first to validate a streamlined model of SAV acceptance. Second, we

will see whether the model can measure whether targeted interventions can effectively shape key
acceptance factors. This will ultimately lead to easier access to theoretically sound measurement of
SAV acceptance and improved implementation strategies for automated mobility solutions.

1.7. Study design
To ensure transparency and clarity regarding our research approach, the study’s core questions,
hypotheses, sampling plan and analysis strategies are summarized in table 1. This structured overview
aligns with Peer Community In Registered Report’s recommendations and explicitly links our research
questions to hypotheses, planned statistical analyses and criteria for interpretation under different
outcomes.

The template guides our methodological choices and clarifies the theoretical implications of possible
study outcomes.

2. Material and methods
2.1. Ethics and open science
According to institutional procedures, this type of non-invasive, low-risk survey research does not
require separate approval from any institutional ethics review board. The research was conducted
in accordance with the guidelines of the National Research Ethics Committee of Norway [87]. The
Norwegian Agency for Shared Services in Education and Research (Sikt) evaluated the proposed
survey and confirmed that the collection and management of personal information was compliant with
law (ref. no. 665388). R-code used in the project, as well as anonymized data, was shared using the
platform of the Open Science Framework (OSF) (https://doi.org/10.17605/OSF.IO/RGCW4).

2.2. Analysis
We used structural equation modelling (SEM) analysis to test our conceptual model. The SEM analysis
was performed in R using the lavaan package. This analytical approach was chosen as it closely fits
the aims of the current research, namely testing a more parsimonious model of SAV acceptance. It
flexibly allowed testing latent factors and their indicators, as well as effects between latent variables.
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For our four latent factors, trust, utility, social comfort and intention to use, we looked at how well the
indicators constitute our latent factors. We also calculated Cronbach’s alphas for the scales. Cronbach’s
alpha value typically increases with the length of the scale, and we suspected that our scales would
have somewhat low alpha values because of this.

The SEM model fit was calculated using a maximum likelihood estimation. Multiple indicators
were used to assess the fit of the SEM models: the comparative fit index (CFI), the Tucker–Lewis
index (TLI) and the root mean square error of approximation (RMSEA) and the standardized root
mean square residual (SRMR). Higher values of CFI and TLI, preferably above 0.90, along with lower
values of RMSEA and SRMR, preferably below 0.08, indicate a better model fit [88]. These recommen-
ded cut-off values are based on analysis of continuous data. However, the Likert-format data in the
present study can be regarded as ordered categorical data approximating a continuous distribution,
but this measurement level should be considered when model fit measures are estimated (e.g. [89]).
By considering multiple cut-off values for model fit we were able to make better decisions about our
models.

We compared two models using these fit statistics. The first includes a GAF that is constituted by
trust, utility and social comfort. The GAF then predicted intention to use. The second model only has
an implied GAF, and that trust, utility and social comfort directly predicted intention to use. These
three predictors will be allowed to correlate, as this is expected. We compared their fit using RMSEA,
SRMR, CFI and TLI. If the models show similar fit, we kept the more parsimonious model without a
second-order GAF. Otherwise, we promoted the best-fitting model.

Our model may suggest improvements through modification indices. These were considered for
implementation if they were theoretically meaningful, particularly if our model showed sub-optimal
fit. If model fit indices suggested removing indicators, we would do so. If an indicator had a substan-
tial cross-loading, we would consider moving it if the cross-loading was substantial and it made
conceptual sense. We would attempt to make an equal number of modifications to either model. If our
suggested SEM models both showed unfavourable model fit, even after performing some suggested
modifications, we would conclude that they are poor representations of the included indicators. If this
were the case, we would resort to some exploratory analyses using factor analysis to find the best
structure of our items. While we specify hypotheses for transparency and preregistration purposes, this
study is exploratory in spirit and intended to inform future confirmatory research on SAV acceptance.

Considering our expected large sample size, we would be wary of striking a balance between type 1
and type 2 errors. We interpreted effect sizes as well as p-values to mitigate some of this increased type
1 error rate, instead of relying on p-values alone [90–92]. Cronbach’s alpha levels are interpreted with
their limitations in mind [93,94].

2.3. Monte Carlo simulation power analysis for structural equation modelling
To determine the required sample size for this study, we conducted a Monte Carlo simulation power
analysis using SEM in R with the lavaan package. The goal was to ensure that all key model parameters
could be detected with at least 90% statistical power at an alpha level of 0.05. In this analysis, we
first specified a population model that reflects our theoretical assumptions. Based on assumptions
from previous research and a pilot test (described later), we fixed factor loadings at 0.70, latent factor

Figure 1. Conceptual model for the study, with experimental impact and causal chain.
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correlations set to 0.50, and structural path coefficients based on expected effect sizes of 0.3 for trust,
utility and social comfort on intention, and 0.4 on intention to actual use [23,27]. Using this model, we
simulated 1000 datasets at various sample sizes. For each dataset, we fitted our analysis model, which
matches our hypothesized model structure, and recorded the proportion of simulations where each
parameter was statistically significant (p < 0.05). By iterating across increasing sample sizes, we
identified the minimum required sample size where all parameters achieved at least 90% power. This
process resulted in a final sample size estimate of n = 225, indicating that 225 participants are required
to reliably detect all specified effects in our model with high statistical power.

2.4. Monte Carlo simulation power analysis for analysis of variance
For the experimental manipulations, the primary dependent variables subjected to analysis were mean
scores for trust, utility and social comfort derived from the respective survey scales. We performed
separate 2 × 2 × 2 factorial analysis of variance (ANOVA) for each of these dependent variables,
explicitly testing the main effects of each informational manipulation. To determine the required
sample size, we conducted a Monte Carlo power analysis using R and the pwr package. The goal
was to ensure that the main effects of manipulations on trust, utility and social comfort could be
detected with at least 90% power at an alpha level of 0.05. In this analysis, we defined effect sizes
that covered increasing needs for power: Cohen’s f = 0.25 for trust (medium effect), 0.20 for utility
(small-medium effect) and 0.15 for social comfort (small effect). These were approximate assumptions
based on previous similar research showing trust and utility having the largest impact on intention
to use, but also that online surveys may not be the best way to impact perceptions of SAVs [23,95].
A small effect would therefore be expected. Using varying effects sizes also gave the benefit of seeing
how the proposed sample sizes varied, even though the smallest sample size would always be based
on the smallest effect size. Using these parameters, we simulated 1000 datasets for various sample
sizes per condition. For each simulated dataset, we fitted an ANOVA model testing only the main
effects while ignoring interaction terms. The proportion of simulations in which each main effect was
statistically significant (p < 0.05) was used to estimate statistical power. By iterating across increasing
sample sizes, we identified the minimum required sample size per condition where all main effects
achieved at least 90% power. This process resulted in a final sample size estimate of n = 250 per
condition, indicating that a total of n = 2000 participants (eight conditions × 250 per condition) was
required to reliably detect the main effects in our experimental design. This was an upper bound, given
the small effect size and high power. Running the simulation with a more lenient 0.8 power and a small
effect size of Cohen’s f = 0.2, we got a suggestion of 100 participants per cell, giving n = 800.

2.5. Pilot test
A pilot study was conducted with 49 participants to evaluate the initial survey items and experimen-
tal manipulations. The text manipulations were accompanied by artificial intelligence (AI)-generated
images depicting the SAVs. A full report can be found in the electronic supplementary material.
Reliability analysis suggested acceptable internal consistency for trust, utility and intention-to-use
scales, but poor reliability for social comfort. Confirmatory factor analysis revealed suboptimal model
fit, prompting several modifications. The second item of the trust scale was amended to better reflect
the intended underlying facet of predictability and to simplify the question to clearly capture one
facet. We changed the last item from the trust scale in an effort to improve psychometric properties
and better cover theoretical facets of trust in developers. For utility, we changed the phrasing of car
dependence to be more general. This helps even respondents without access to cars to make a general
judgement. We updated the wording of the last utility item to better reflect AV technology, rather
than general transport. For social comfort, we replaced the poor-fitting last item of the scale ‘I prefer
that the vehicle has a driver on board’, with a question designed to capture the novel social situation
within small SAVs. Qualitative feedback highlighted concerns about the clarity of the stimuli and the
salience of the experimental manipulation. Based on these findings, we refined the survey by replacing
AI-generated images with a single picture of the latest Norwegian SAV pilot by Ruter. This was done to
highlight the important text-only stimulus and strengthen the effect of the experimental manipulation.
These changes aimed to improve the indicators’ fit to the latent factors and the effectiveness of the
experimental conditions.
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2.6. Sampling strategies
For this study, there is a general-purpose model development focus. This means that we sought
a general population sample. This does not necessarily have to be representative of any specific
population as long as they do not differ in key aspects relating to SAV perceptions. We acquired 19
000 phone numbers from the credit checking company Bisnode. Of these 9000 are randomly sampled
from Norwegians and 10 000 from people living in the Norwegian cities and communities of Ski,
Kongsberg and Groruddalen. Ski and Kongsberg were chosen because they have had SAV pilots of
different kinds in the years leading up to this data collection, while Groruddalen has a pilot in the
early phases. This increased the likelihood that respondents had actual experience with these kinds
of vehicles and facilitates longitudinal follow-up studies in the future. Our recruitment strategy drew
participants from across the country, not just Oslo or pilot-heavy areas, to avoid regional clustering
and ensure diversity of experience. Previous pilot exposure may differ meaningfully from future
commercial deployments as well as geographically across the country, as the early pilots typically
involve low speed (15 km h−1), human operators and limited routing in certain areas of a city. This
may shape perceptions of safety, reliability and comfort differently than higher-speed, fully automated
services and may impact differently across geography. This contextual difference is important when
interpreting the realism and transferability of participants’ expectations and previous experience with
AVs.

The short message service (SMS) invitation included a brief message (in Norwegian, translated
below) identifying the sender as the Institute of Transport Economics and a secure link to the online
survey:

‘Would you like to help shape the future of transport? Take a short survey about future transport (approx. 10
min). The survey ensures data privacy and is part of a research project.

Five gift cards of 1000 NOK will be raffled among participants.

Take the survey here: [link]

Read more here: [link]

Best regards,

Ole

TØI’

In our recent experience, SMS-invitations of participants yield response rates varying from as low
as 2% to a more stable 6–7%; 19 000 invites could thus yield 950 participants with a 5% response
rate and 1330 with a 7% response rate. This would be acceptable given our power analysis. If the
response rate dropped below this and we ended up lower than 800 responses, we planned to resort
to other means of recruitment, such as word-of-mouth, social media or acquiring additional contacts—
telephone numbers or otherwise. However, we planned to halt data collection if the response rate
yielded more than 2500 responses as per our power analysis. To this end, we sent out invitations in
heats of roughly 1000 SMS invites. Data collection commenced on 13 June 2025 and lasted until 27 June
2025.

We acknowledged the clear potential for selection bias in our SMS-based recruitment. This was
especially important because of our low expected response rate. Individuals who are older, less
familiar with technology, or more sceptical of unsolicited links may be under-represented in the
sample. While our goal was not to obtain a strictly representative sample of the population, we aimed
to capture sufficient diversity in demographic and experiential factors relevant to SAV acceptance. This
may not necessarily suffer from the expected selection bias. To monitor potential bias, we collected
basic demographic information and some mobility behaviour data to compare responders. Where
necessary, we considered conducting subgroup analyses to explore differences in response patterns.
These measures aimed to support the generalizability of the findings across key user groups, while
acknowledging the practical trade-offs of our recruitment method.
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2.7. Survey design
All study material was provided in Norwegian to participants and was translated to English in the
manuscript for transparency. The full original language survey is available on the OSF repository. The
authors have translated items from English to Norwegian and adapted where necessary. AI models
have been used to improve the flow of the language in both English and Norwegian. For the survey,
we opted to use the term ‘self-driving (selvkjørende)’ rather than automated/autonomous. While
automated may be the correct term for most available services, ‘self-driving’ is more easily understood
in Norwegian and suggest a general capability.

2.7.1. Experimental manipulations

We designed three experimental pieces of information. These were aimed at providing evidence of the
suggested model’s ability to track changes in people’s perceptions, and to test whether informational
content can impact the constituent factors trust, utility and social comfort. We provided all participants
with some common information about the future service. Participants were randomly assigned to
eight groups following a full factorial 2 × 2 × 2 design. This structure ensured that all combinations
of experimental manipulations (trust, utility, social comfort) are systematically tested, allowing for
isolation of each main effect. For example, group 8 received all three manipulations, providing insights
into their cumulative effects, whereas group 2 received only the social comfort intervention, allowing
isolation of this factor’s independent impact. Group 1 received three control conditions. The six pieces
of altered information are presented below in table 2 in a 2 × 2 × 2 set-up.

We wanted the text and images to be similar in length for control and experimental conditions.
Essentially, we only wanted the information to differ on key aspects suggested by previous research to
be detrimental to SAV acceptance.

For trust, this meant that the text focused on the three aspects suggested by Körber: compe-
tence/reliability, understandability/predictability and intention of developers [38]. We also adapted the
information based on research conducted in Norway using similar frameworks, suggesting that trust in
government and testing is key [8]. Furthermore, safety aspects are key to trust in AVs, which we also
wanted to address.

For utility, we wanted to highlight the benefits of the service to potential customers. Including ticket
fees, travel time and the benefit of flexible pick up/drop off points should maximize the perceived
utility of the service to survey responders. Research suggests that some may be sensitive to the added
travel time incurred by picking up co-riders along the route, so we wanted to address that point
specifically [8].

Social comfort is dependent upon the purpose of the travel as well as the expectations of the
traveller. Framing the vehicle as a car will induce thoughts of an intimate ride with strangers, while
a small bus will relate the experience to regular public transport. This in-between-position is indeed
identified as one of the key drivers of uncomfortable social experiences in SAVs [81]. Furthermore, the
ability to report any uncomfortable events should put the more anxious riders at ease. Highlighting
that the service will strive for a comfortable riding experience may also improve ratings of social
comfort.

After participants were subjected to these three stimuli, they were asked to write a few words
about their impression of the new service. This acted as a rumination prompt to enhance retention and
understanding of the material presented. This was chosen rather than a manipulation check as a way to
ensure respondents engage with the material [96].

The informational manipulations in this study were brief text-based prompts, rather than immersive
interventions or personalized feedback. As such, we expected relatively modest effects on key metrics.
For instance, the trust condition communicated that the vehicles were ‘approved and considered
safe’ by authorities, which is a positively valanced, yet general statement. Stronger manipulations
(e.g. presenting quantitative evidence of safety superiority or multimedia presentations) might yield
larger effects. Our power analysis was therefore calibrated to detect small effects that are realistically
achievable given the minimal nature of the intervention. This was also the reason why we wanted
to maximize the difference between experimental and control conditions: to maximize the effect of a
potentially weak manipulation method. While the experimental conditions include factual information
(e.g. approval by authorities), the goal is not to fabricate trust-evidence but to test whether communi-
cating existing trust-related credentials influences public perceptions. In this sense, the manipulation
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simulates a realistic deployment context where such information might be included in public messag-
ing. However, we acknowledge that this design also partially reflects the availability of trust-relevant
evidence, not only its framing. Interpretations of causal effects on trust should therefore consider
both the informational content and the method of communication. This design reflects both practi-
cal constraints and the intention to test low-intensity communication strategies likely to be used in
real-world deployment settings.

2.7.2. Socio demographics

Predictions of AV acceptance show that socio demographic information is of less importance in
predicting SAV acceptance, as compared with sociopsychological variables. Therefore, we only
collected rudimentary socio-demographic information:

(i) age (10 year intervals);
(ii) gender;

(iii) where do you live? (municipality/postal code?);

Table 2. Information given to experimental and control conditions.

factor control experiment

shared information about the service these are the self-driving vehicles Ruter is testing in Oslo in 2025. In the future, they might
look different

trust
experimental groups: 5, 6, 7, 8

such self-driving vehicles will provide
transportation in urban areas. They are
designed to offer travellers a modern travel
experience

such self-driving vehicles have
undergone thorough testing and
adhere to traffic regulations. They
have been approved by the
authorities and are considered safe for
road use

utility
experimental groups: 3, 4, 7, 8

the service can be used for daily trips and
provides an alternative way to get around.
The vehicle will stop to pick up fellow
passengers along the way

the service is intended to offer fast
and efficient transport, potentially
resulting in shorter travel times and
affordable tickets. The vehicle can
stop to pick you up wherever you
prefer

social comfort
experimental groups: 2, 4, 6, 8

these vehicles will be shared by multiple
passengers and resemble cars. They could
become an important part of public
transportation, carrying several passengers
at once. The seats may be oriented in the
direction of travel or face one another. There
will be no driver on board

these vehicles will be shared by multiple
passengers and resemble small buses.
They could become a significant
component of public transportation,
ensuring a comfortable experience for
everyone on board. It will be easy to
notify someone if you do not feel safe
while riding
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(iv) tech-savviness/familiarity:
— I am among the first to adopt new technology;
— I am well informed about developments in self-driving vehicles;
— I am well acquainted with advanced driver-assistance systems in cars (adaptive cruise

control/lane keeping assist);
(v) travel behaviour:

— on how many days in a typical week do you use public transportation?
— no days;
— 1–2 days;
— 3–4 days;
— 5–6 days; or
— 7 days;

— how many hours do you usually spend commuting on an average day?
— less than 30 min;
— 31–60 mins;
— 1–2 h; or
— More than 2 h.

2.7.3. Shared automated vehicle acceptance

All items were measured on a five-point Likert scale ranging from 1 ‘totally disagree’ to 5 ‘totally
agree’, with 3 representing a neutral response. This structure allows for expression of agreement,
disagreement or neutrality without requiring additional options. There is an argument to be made that
a sixth option (‘don’t know’) in this context is conceptually equivalent to, and probably used as, a
neutral answering option [97]. Potentially recoding the sixth option as a neutral midpoint may be equal
to treating these answers as missing [98]. We therefore did not include a sixth option. Participants
who skipped an item were treated as missing for that response. We aimed to keep a balance between
positively and negatively phrased items. SAVA-items were presented in a randomized order for each
participant.

2.7.3.1. Trust

Our measurement of trust was inspired by a multitude of investigations, but mostly building on
recent developments in AV acceptance research [23,25,27,38,40,41]. We focused on the three con-
cepts suggested by Körber: competence/reliability, understandability/predictability and intention of
developers. We opted to include a general item as well as items to measure each of the three sub-com-
ponents, with adjustments to the context and as a result of the pilot. These items closely resemble the
ones used in other trust in automation studies [37,54]:

(i) I can trust such a vehicle;
(ii) I think these vehicles are reliable;

(iii) This vehicle is not sufficiently predictable in traffic; and
(iv) I believe the developers of such vehicles place great emphasis on passenger safety.

2.7.3.2. Utility

Many studies have investigated people’s perception of the utility of AVs. Our conceptualization hails
from the TAM, but relies on modern indicators [17,23,27,44]. These were chosen to most effectively
capture variation in the latent construct of utility. We opted to include a general item for usefulness
[22], in addition to car-reduction [64], availability improvement [27] and improved possibilities for
personal mobility [17] as these are often cited potential benefits of SAVs. More than 80% of Norwegians
have access to a car, justifying the general phrasing of the car use-item [99]. These were somewhat
adjusted to the context and after pilot testing, particularly the second and fourth items:
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(i) I believe this type of vehicle can be useful to me;
(ii) such vehicles are unlikely to reduce car use;

(iii) such vehicles can improve access to public transportation; and
(iv) I doubt that such vehicles can enhance my travel options.

2.7.3.3. Social comfort

The social aspect of sharing an automated ride has received little attention in research. There is also
limited insight from previous ridesharing efforts. Our indicators were developed to capture some
common concerns people report about SAVs [9,23,77,79]. These items were used in a similar survey by
the authors [23]. We adapted the last item after the pilot because of poor reliability and to better reflect
the status of the research:

(i) I think it is unfortunate that I have to sit so close to others;
(ii) I do not mind talking to strangers in such a vehicle;

(iii) women should avoid sharing these vehicles with unfamiliar men; and
(iv) I am unsure how I should behave around other passengers in such a vehicle.

2.7.3.4. Intention to use

Because of the low deployment and penetration of SAV services in society, intention to use is often
the key dependent variable in surveys investigating acceptance of AVs. This construct is thought to be
detrimental for actual use and has long traditions in social science. We used a scale previously used
successfully in similar settings [23]. This approach used three items measured on a five-point Liker
scale:

(i) I will start using this service once it becomes available;
(ii) I would try this service if it became available where I live; and

(iii) I will not use the service even if it becomes available.

To improve interpretability and inform future development of the measurement model, we included
a single open-ended follow-up prompt for a randomly selected item from each participant’s survey,
asking ‘why did you choose the rating above?’. This was implemented by assigning one reflective
question per person. This qualitative data was only explorative and would be examined to improve
interpretation of the survey items. Answers will be archived alongside the dataset to support future
content validation and refinement of the SAVA constructs.

2.7.3.5. Actual use/familiarity

Actual users of SAV services are probably an elusive population to reach owing to the low deployment
of SAVs in society. However, our targeting of areas where there have been piloted SAVs may increase
our chances of reaching them. Ultimately, if approximately 225 respondents have user experience, we
would be able to investigate main effects of our model to predict differences between populations that
have or have no experience. Actual use was measured on a frequency scale using the following three
items:

(i) have you seen a self-driving vehicle in traffic?
(ii) have you tried being a passenger in a self-driving vehicle? and

(iii) have you tried Ruter’s self-driving vehicle in Groruddalen?

2.8. Data filtering and missing values
We chose some criteria to increase the quality of the data collected and exclude some responses. We
excluded extreme values for time taken to complete the survey. Participants spending less than 2 min
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or more than 1 h were excluded from analyses. Using less time than this is unlikely if any person were
to answer the survey carefully. Likewise, using too long a time may suggest that they got distracted
and may thus lose the coherence of the survey structure.

Participants who failed to answer any of the SAVA-items were excluded as they provide too little
information for our analyses. We screened for invariant responses like selecting the same scale point
across all SAVA items. Missing values were otherwise handled by the SEM estimation, using the full
information maximum likelihood function in lavaan for both dependent and independent variables. We
reported the number of cases excluded at each filtering step (e.g. timing, missing data, straight-lining),
and all criteria and final sample counts may be documented in a supplementary flowchart or summary
table. Participants excluded may be replaced by recruiting additional respondents if we fall below the
minimum threshold of 800 participants. Previous similar research by the authors ended up excluding
approximately 10% of the gross sample, which may be comparable with our current study, although
these responses were eliminated mostly after a failed attention check [23]. We did not plan to conduct
multivariate outlier analysis, as our primary goal is to test a structural model rather than estimate
means or population-level prevalence.

The answers to our rumination prompt for the experimental manipulation may be explored. The
content of people’s responses may be analysed qualitatively or using a language model such as
ChatGPT if the data is too vast. This use of AI has seen some success recently and may be helpful
for qualitative analysis of large datasets [100].

2.9. Deviations from the registered protocol
Below we describe every departure from the preregistered procedures, the rationale for each change,
and whether the decision was taken before data were inspected (i.e. prior to seeing outcome variables)
or after the study had launched. The most significant change was switching data collection procedure
from SMS to email. This was done owing to technical issues with SMS and low response rate before
any data was inspected. The changes are presented in table 3.

All modifications were made prior to data inspection and in response to logistical issues unrelated
to study outcomes. No analytic decisions were changed post hoc. Hence, the deviations have negligi-
ble impact on the confirmatory status of the preregistered hypotheses, while improving participant
privacy and ensuring adequate sample size. The email addresses belonged to people who had been
previously drawn as a general sample of the Norwegian population and should therefore not diverge
from the SMS sample we originally intended to use in any significant way. However, there may be
some sample selection biases emerging from them voluntarily signing up for future transport related
studies.

3. Results
3.1. Data preparation and participant flow
We had 1361 completed responses downloaded from the survey server. That means that we had a 25%
response rate to our email invitations. Thirty-three participants were removed because of incomplete
data on the key SAVA-items. No participants were removed owing to straight-lining all SAVA-items.
Seventy-three participants were removed owing to using less than 2 min or more than 1 h to complete
the survey. We removed five respondents that did not report either male or female gender for our
multivariate analysis purposes, as there is no established way to handle this. Thus 1250 participants
were carried forward for analysis, meaning we excluded 8.2% of our completed cases.

In our data cleaning, we renamed columns to make them more readable. We recoded the eight
groups into separate experimental and control groups. We also created a group for those who only
experienced experimental conditions and those who only saw control vignettes. We recoded gender,
‘hours of commute’, ‘public transport use’ and exposure variables to have 0 as a null-point to ease
multivariate interpretation. We reversed the necessary items (trust3, utility2, utility4, social comfort2
and intention3).
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3.2. Achieved power
When data collection was halted, we had already surpassed our minimum required sample size by a
comfortable margin. Although we could have attempted to continue recruitment, we were confident
that the sample size would provide sufficient statistical power for our planned analyses. For the SEM
analysis, a post hoc power test indicated that the model had near-perfect power (≈ 1.00) to detect a
moderate degree of model misfit (RMSEA = 0.08) compared with a close-fit null (RMSEA = 0.05),
given the sample size (n = 1250) and model complexity (d.f. = 98). This confirms that the SEM was
well-powered to detect meaningful deviations from good model fit.

For the experimental tests, power depended strongly on how comparisons were structured. In the
full-control versus full-experiment condition (group 1 versus group 8), group sizes were approximately
156 participants each. At this size, power to detect a small-to-medium effect (f = 0.15) was moderate
(0.75) and rose to 0.81 for f = 0.16, which meets the conventional threshold for acceptable power. By
contrast, power to detect a small effect (f = 0.10) was only 0.42, well below the standard 0.80 cut-off.

If comparisons are made using larger pooled groups, such as comparing all participants exposed to
an experimental manipulation against those not exposed for each manipulation, this yields group sizes
of n ≈ 625, giving high power (≈ 0.94) to detect small effects (f = 0.10). However, the observed effects
from the manipulations were very small: f = 0.048 (trust), f = 0.047 (utility) and f = 0.033 (social comfort).
This yielded low statistical power (≈ 22–40%), indicating that while the study had sufficient sensitivity
to detect meaningful effects, the manipulations produced effects too small to be reliably detected at the
group level.

Table 3. Changes from the registered protocol with rationale and timing explained.

change rationale timing

removed postal-code and email
questions from the main survey

to guarantee respondent anonymity
and comply with institutional
data-protection advice

after 17 responses were collected—prior
to sending email invitations

minor wording tweaks in the survey
(e.g. ‘service’ → ‘vehicle’, ‘other
passenger’ → ‘others’)

to improve clarity; no change in meaning before launch

added a fifth ‘not relevant’ category to
the commute-time item; recoded as
‘0’ in analyses

respondents reported not finding any
suiting alternative in the existing
options

after 17 responses were collected—prior
to sending email invitations

updated the conceptual diagram in the
manuscript

updated the measurements of the
SAVA-factors so the figure matched the
final item set; no analytical change

before analysis

re-phrased the SMS invitation text to better motivate responses after sending 1000 SMS invitations

recruitment procedure altered: sent
2000 SMS invitations, obtained 17
responses; switched to email after
technical problems and very low
response rates

SMS delivery failures and <1% response
prompted a change. No outcome data
had been examined when this decision
was taken

after 1 week, but before looking at survey
responses

obtained 5467 email addresses from
two recent transport-survey projects
(participants had consented to
re-contact) and distributed an email
invitation

to achieve the preregistered sample size
in an ethically acceptable and practical
way once SMS proved unviable

immediately after abandoning SMS, still
before analysing data

drafted an email invitation consistent
with the approved study description
and SMS text

necessary because the channel changed
from SMS to email: more descriptions
were added

before email distribution

final sample size: 1361 completed
surveys 1 week after the email
launch (2 weeks after the initial SMS
attempt)

achieved target power despite the
recruitment adjustment

2 weeks after the first SMS was sent.
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3.3. Sociodemographics of the sample
Table 4 displays descriptive statistics for key background variables, including gender, age, commuting
habits and experience with AVs.

The sample had a slight majority identifying as men and most falling within the 40–69 age range.
This is not atypical for surveys about technical subjects, where men typically are more likely to
respond, but not overly skewed. Commute patterns varied. About one third reported not commuting,
while another third commuted less than 30 min. Public transport usage was also diverse, with two
in five reporting not using public transport, while a third used it 1–2 days per week. Regarding AV
exposure, just over half had not seen an AV in traffic. Experience with AVs was limited, which is to be
expected. However, 134 participants reported having tried being a passenger in a self-driving vehicle.
These findings indicate that although AVs are increasingly present, direct user experience remains rare.

3.4. Descriptive statistics and scales
Table 5 presents descriptive statistics for the four key study constructs: trust, utility, social comfort and
intention to use, based on data from 1250 participants. The table includes means, standard deviations,
internal consistency (Cronbach’s α), as well as skewness and kurtosis indicators.

All scales showed acceptable to excellent reliability. Although trust and social comfort scales
could see marginal improvements if we removed the fourth and third item respectively, we retained

Table 4. Sociodemographic information and experience with AVs of our sample, n = 1250.

n %

gender men 739 59

women 511 41

age under 19 0 0

20–29 58 5

30–39 137 11

40-49 268 21

50–59 342 27

60–69 318 25

70–79 112 9

more than 80 15 1

hours of commute not relevant 462 37

less than 30 min 402 32

31–60 min 146 12

1–2 h 33 3

more than 2 h 207 17

public transport use no days 505 40

1–2 days 385 31

3–4 days 188 15

5–6 days 153 12

7 days 19 2

seen AV in traffic? no/unsure 659 53

yes, once 264 21

yes, multiple times 327 26

tried AVs? no/unsure 1116 89

yes, once 89 7

yes, multiple times 45 4
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them due to their theoretical relevance and minimal impact on scale quality. No other deletions
improved reliability. The distributions were approximately normal, though utility and intention
showed slight negative skew, and utility had a somewhat elevated kurtosis, indicating a moderately
peaked distribution. Mean scores were around the midpoint of the scale, with trust and utility rated
slightly higher than intention and social comfort. Histograms showing the distribution of the SAVA
factors’ constituting items are presented in the appendix.

3.5. Experiment analysis of variance
Figure 2 summarizes the different means of the three experimental manipulations on trust, utility
and social comfort. Each construct was compared between a control condition and an experimental
condition.

The means between experimental and control conditions are very similar, with small confidence
intervals. The groups are similar in size. To evaluate the effectiveness of the experimental manipula-
tions, separate one-way ANOVAs were conducted for each construct (trust, utility and social comfort),
comparing participants in the experimental versus control conditions.

The manipulation targeting trust yielded a significant effect, F1,1248 = 4.83, p = 0.028, indicating
that the trust-enhancing manipulation led to a small reliable increase in trust ratings. By contrast,
the manipulation targeting utility did not produce a significant difference, F1,1248 = 0.08, p = 0.781,
suggesting that perceived utility was not affected. The manipulation aimed at social comfort showed
no significance, F1,1248 = 3.33, p = 0.068, indicating non-existent or very small effect that did not reach
conventional significance thresholds. The eta squared effect sizes were 0.002 for trust, 0.002 for utility
and 0.001 for social comfort, indicating very small effect sizes. Overall, these results suggest that the
experimental manipulations had minimal effects, with only the trust intervention showing a small
impact.

3.6. Structural equation modelling comparisons
To assess the structure and predictive pathways of SAV acceptance, we tested two SEM models using
maximum likelihood estimation in the lavaan package in Rstudio. These two models are presented in
figure 3.

The first model specified trust, utility and social comfort as three correlated first-order latent
variables predicting intention to use. This model showed good fit to the data: d.f. = 98, CFI = 0.973, TLI
= 0.967, RMSEA = 0.054 (90% CI [0.049, 0.059]) and SRMR = 0.034.

The second model included a higher-order latent construct, the GAF. The GAF was defined by the
three first-order latent variables trust, utility and social comfort. In the model, GAF was specified as the
sole predictor of intention to use, capturing the shared variance among the three underlying first-order
factors, rather than allowing the predictors to correlate. This model also showed good fit: d.f. = 100, CFI
= 0.973, TLI = 0.967, RMSEA = 0.054 and SRMR = 0.034. All three constructs significantly loaded onto
the GAF. The GAF significantly predicted intention (β = 0.962, p < 0.001).

A chi-square difference test revealed that the second GAF model had a significantly poorer fit than
the first direct model, despite the fit indices being otherwise equal: Δχ2

2 = 7.41, p = 0.025. The models
both performed almost equally satisfying on our key model fit indices. Based on this and the principle
of parsimony, we retained the three-factor direct-effects model as the better-fitting structure.

Table 5. Descriptive statistics of the study scales with reliability and skew statistics, n = 1250.

mean s.d. Cronbach’s α skew kurtosis

trust 3.30 0.53 0.89 −0.47 0.24

utility 3.26 0.37 0.86 −0.29 2.73

social comfort 2.96 0.60 0.74 0.11 0.14

intention 3.01 0.48 0.94 −0.47 1.17

tech savviness 3.26 0.91 0.73 −0.26 −0.45
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3.7. Structural equation modelling analysis and path model
This preferred direct model without the higher-order GAF is presented in figure 4 with model
parameters.

Overall, the estimated model confirms that utility is the strongest unique predictor of intention,
while trust also contributes positively. Social comfort was negatively associated with intention in the
model, suggesting that less comfort is associated with less intention to use. The SAVA constructs
also correlated significantly. This suggests that, while they are treated as separate, they still share

Figure 2. A plot illustrating the differences between control and experimental conditions for the three SAVA-constructs: trust, utility
and social comfort. n = 1250. CI, confidence interval.

Figure 3. A path model overview of the two models being compared. The first implies a GAF in its correlation, while the second
explicitly tests whether a GAF yields a better fit to data.
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significant amounts of variation between them, particularly trust and utility. The latter indicates that
trust relates to intention, though its unique effect weakens when controlling for utility. The factor
loadings from the SEM analysis indicate that the latent constructs were generally well measured. All
indicator loadings were statistically significant (p < 0.001), with most standardized loadings exceeding
0.70, suggesting strong associations between items and their respective latent variables. Trust and
utility showed particularly strong internal consistency, with most loadings above 0.80. The social
comfort factor had slightly lower loadings, especially for ‘social comfort 3’, indicating this item may
contribute less reliably to the construct. This echoes the previous finding with a higher Cronbach’s α if
the item was deleted.

3.8. Exploratory analyses
This section includes exploratory analyses that were not explicitly described in the stage 1 registered
report. They were included to further explore the relationships discovered in the data.

3.8.1. Full experimental effect

To explore the overall effect of the combined experimental manipulation, we conducted an exploratory
one-way ANOVA comparing participants in the full control group (group 1) with those in the full
experimental group (group 8). This grouping reflects the most extreme contrast in the experimental
design, where participants either received no manipulation or all three manipulations. This compari-
son serves as a pragmatic test of the total manipulation effect on participants’ intention to use SAVs.
The difference in mean scores in intention to use between the two groups is shown in figure 5.

The analysis showed no significant difference in intention to use between the control and full
experimental group, F1,305 = 0.94, p = 0.332. The eta squared was 0.003, indicating a very small effect
size. This suggests that the combined manipulation across all three factors did not substantially alter
participants’ behavioural intention.

3.8.2. Factor structure

To explore the underlying structure of the 12 items used to measure trust, utility and social comfort,
we conducted a principal component analysis (PCA) using varimax rotation. This analysis served as
an exploratory follow-up to our confirmatory SEM models and helped assess whether a simpler factor

Figure 4. The path model for our preferred conceptual model, including item loadings, the size of the standardized path estimates and
correlations. *p < 0.05. ***p < 0.001.
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structure was empirically supported. The parallel analysis and scree plot in figure 6 indicate that two
components had an eigenvalue exceeding those derived from simulated and resampled data.

This analysis suggests a simplified two-factor structure. Consistently, the varimax-rotated PCA
revealed one dominant component (eigenvalue = 5.45), accounting for 45.5% of the total variance, with
a second component explaining substantially less. All items loaded above the 0.30 threshold on the first
component, with trust and utility items showing particularly strong loadings (e.g. trust1 = 0.84, utility1
= 0.83). Items from the social comfort scale had a smaller loading (e.g. soccom3 = –0.37), indicating
that this construct may be less aligned with the GAF that emerged. The model fit for this two-factor
solution was relatively poor, with an RMSR of 0.118. In some ways, these exploratory results challenge
the SEM-analyses and suggest that there may be alternate ways of structuring the items, with both one-
and two-factor solutions. However, given the poor fit and exploratory nature of the analyses, these
factor solutions provide only limited support for alternate factor structures among the items. Parallel
analysis has also been shown to be overly conservative when factor correlations are high, such as
between trust and utility, and/or when each factor is defined by few items (see e.g. [101]).

3.8.3. Sociodemographic differences in shared automated vehicle acceptance factors

To examine whether demographic and behavioural characteristics were associated with user accept-
ance of SAVs, we conducted four exploratory linear regressions predicting the constructs of trust,
utility and social comfort, as well as behavioural intention. These are presented in table 6.

All models explained only a small proportion of the variance in their respective outcomes. Still,
some noteworthy patterns emerged. For trust, gender and tech savviness were significant positive
predictors. The utility model similarly showed a positive relationship with tech savviness, and public
transport use was also positively associated with utility perceptions. The social comfort model revealed
a single significant predictor: age was negatively associated, suggesting that younger participants felt
more at ease with the social aspects of SAV use. Having seen AVs and being more tech-savvy were
the only significant predictors of intention to use. These are probably all interrelated constructs that

Figure 5. A plot illustrating the differences in intention to use between those who only saw control and experimental conditions. n =
307.
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work to push tech-interested people towards novel technologies, such as AVs. There was no issue of
multicollinearity in our models. Neither gender nor age were significant in predicting behavioural
intentions.

4. Discussion
This study set out to evaluate the SAVA model and to test whether concise informational cues
could impact its three proposed components: trust, utility and social comfort. SEM showed that this
parsimonious model is very well suited to model intentions to use SAVs. The three predictors were
aptly constituted by their indicators, and the model predicted more than 80% of variance in behaviou-
ral intention. Although a second-order GAF also produced an acceptable fit, chi-square difference
testing and the principle of parsimony argued against retaining this more complex alternative. Utility
provided the strongest effect on intention, while trust and social comfort contributed smaller but
reliable effects. The experimental manipulations consisted of brief text-based vignettes. Only trust
increased owing to our experiments, but its effect size was very small and practically insignificant.
While the proposed model seems very well suited for explaining and predicting SAV behaviour and
intention, more work is needed to understand how to best influence the key perceptions of trust, utility
and social comfort.

Figure 6. Parallel analysis and scree plot for the 12 SAVA-items in the survey, n = 1250. PC, principal component.

Table 6. Linear ordinary least squares (OLS) regression with standardized beta coefficients and p-values for each of the three SAVA
factors and behavioural intention, n = 1250. (*p < 0.05; **p < 0.01; ***p < 0.001.)

trust utility social comfort intention to use

predictors β p β p β p β p

age 0.06 0.053 −0.02 0.622 −0.12 <0.001*** 0.04 0.182

gendera 0.06 0.041* 0.02 0.592 0.02 0.418 −0.01 0.632

seen AVs? −0.05 0.099 −0.04 0.228 −0.02 0.436 −0.09 0.003**

public transport
use

−0.04 0.184 0.07 0.015* −0.01 0.746 0.04 0.168

hours commute −0.05 0.091 −0.05 0.089 0.01 0.763 −0.03 0.323

tech savviness 0.13 <0.001*** 0.09 0.007** −0.02 0.525 0.22 <0.001***

adjusted R2 0.015 0.011 0.011 0.045
a0 = men, 1 = women.
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4.1. Constituting the shared automated vehicle acceptance model
The finding that trust, utility and social comfort each uniquely contributed to intention to use aligns
with our aim of providing a more parsimonious model. Such a model could be of great use in practical
settings where short-form surveys and user experience interviews are used. A shorter questionnaire
enables easier deployment of a framework that is soundly grounded in theory. Some nuance may be
lost in employing a simpler model, such as somewhat reduced explanatory precision compared to
broader frameworks like UTAUT-4AV, which have demonstrated very high predictive power [17]. The
model also omits a full measure of hedonic motivation or social norms, and is thus poorly situated
to measure these factors. Nonetheless, the parsimony of the SAVA model offers clear advantages
for applied contexts, where brevity and ease of use are often necessary trade-offs against maximal
accuracy. Longitudinal studies could also look to use this model as a simple means of gaining
comparable answers over time. Standardization on measurement could also give huge benefits across
different applications of the technology and across contexts. The current paper could stipulate a way
forward that unifies a scattered research field and provide a framework that is both easy to understand
and empirically test. In an ever-changing field of research where technology is assumed to make great
leaps in the coming years, we argue that it is important to be aware of how people’s perceptions change
along with it.

In line with previous findings, the results confirmed that trust, utility and social comfort explain
substantial variance in acceptance [23,27,37,55,72]. Although construct means appeared to cluster
around the midpoint of the scale, this should not be taken as evidence of neutrality. Item-level
distributions showed substantial variation across the response scale, indicating that the midpoint
reflects aggregation rather than indifference. Notably, the present results reaffirm that trust remains
foundational for AV adoption, capturing perceptions of competence, predictability and developer
intent [25,37,38,55]. Our conceptualization built on this tripartite framework and found support for
its predictive relevance in the context of SAVs. The latter part, intention of developers, seems to be
a little loosely tied to the other perceptions as measured by factor loadings. The scale showed good
internal consistency in line with previous work using similar items, but these did not use intention of
developers in their scale [54]. The overall results still support our conceptualization and measurement
of trust. Tech-savviness and gender showed significant effects in predicting trust; suggesting that
women are more likely to trust when the important technology interest is accounted for. Men have
often been found to be more interested in technology and more optimistic, so controlling for this
highlights the underlying structures [25,102]. No other background variables impacted trust, meaning
it is largely determined by other factors. Trust remains an integral part of intentions to use and should
be included in research wanting to predict and explain usage intentions and eventual behaviour. As
such, it is well placed as the most fundamental part of the AV acceptance pyramid recently proposed
[26]. The second layer of this pyramid is proposed to be ‘efficiency’; a similar construct to our utility.

Utility was important for predicting intentions to use. This echoes the prominent role of perform-
ance expectancy in UTAUT-related studies and the TAM’s perceived usefulness dimension [18,22].
Participants’ belief that SAVs would improve their travel options and offer a viable alternative to
private car use significantly predicted intention, consistent with the wealth of research that has used
either TAM or UTAUT, both in SAV acceptance research and technology more broadly. Reducing car
use seems to be less central to the construct than the other three items. Mere phrasing may have
played a role; the other three items are framed as enhancing or improving something, while this item
mentions reducing car use. Simply reversing items may also cause some psychometric artefacts [103].
However, the extraneous variation may simply originate from difference in consideration; whether
SAVs could reduce car use could be considered as a potential benefit for society, but not necessarily
a personal gain. The scale did show good internal consistency and constitutes a good measure of our
intended construct of utility. Public transport users found a SAV service more useful, as did more
tech-savvy respondents. Hours of commute did not play a role, neither did age or gender. Perhaps
the service presented in the current study lacks characteristics to be considered a real improvement in
most peoples’ everyday mobility patterns. This exploratory regression analysis predicting utility scores
largely suggests that other factors are important for value judgements.

Social comfort is the most novel and least studied construct in the current paper. It also emerged
as an independent predictor in our SEM model. Its predictive validity supports arguments made
by several papers arguing that interpersonal concerns are under-represented in current models
[8,9,14,23,72,77]. The focus on discomfort with strangers, norms of interaction and safety inside the
SAV appeared to capture a meaningful dimension of resistance. The poorest fitting item was the
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sentiment that women should avoid sharing with unfamiliar men. Although Norway does have
gendered issues in perceived security, they are world leading in gender equality [104,105]. These
issues may be more important in other nations that are less equal. The only significant predictor of
social comfort in our exploratory analysis was age, suggesting that older participants reported lower
discomfort. The lack of gender effect suggests that women themselves do not rate the social situation
as more deterring. Neither does being used to public transport impact these judgements. Although
the scale scored low for internal consistency, it is acceptable for short scales. Our construct seeks to
accommodate both feelings of personal space, being around strangers, prejudice and normative beliefs.
Future research may help shed light on how to best consolidate social comfort, but we believe that
the current study has laid the foundation for a diverse and precise measurement of the social issues
regarding SAVs.

4.2. Comparing factor structures
The original UTAUT model and its adaptations have often struggled with theoretical overload and
insufficient parsimony [15–17,32]. Our results support recent efforts to reduce dimensionality without
sacrificing explanatory power [23,24]. However, the current paper does not lend credence to the notion
of a unified GAF. We tested both a nested model with a higher-order GAF and ran PCA. We found
scarce support for a single factor. While the higher-order GAF SEM showed acceptable fit, the better
performance of the disaggregated model underscores the value of keeping trust, utility and social
comfort conceptually and empirically distinct. The high correlations between the constructs suggest
that they share a substantial amount of variance, but it seems that they are sufficiently distinct as
to be conceptually kept apart. As this is, to our knowledge, the first study to compare these factors,
there is little previous insights to glean from. However, the traditions for trust in automation and
utility (or perceived usefulness and similar constructs) have distinct traditions [22,39]. It seems that
our participants make distinct judgements of the SAVs’ trustworthiness and their utility, although these
judgements impact each other. This makes colloquial sense, as a completely untrustworthy service
would be of very little value.

In our SEM analysis, utility emerged as the most efficacious predictor of behavioural inten-
tion. Trust and utility are highly correlated. This complex connection between them may be
best handled by the more advanced SEM analysis. Regression analyses use simple arithmetic
means and assumes low correlation between predictors. SEM accounts for measurement error by
modelling latent constructs and thereby avoids conflating true variance with random noise. If the
utility items were more internally consistent or less affected by random measurement error than
the trust items, the SEM approach would naturally amplify their contribution. In our case, the
choice of analysis method may have made a substantial difference. The more advanced modelling
inherent in SEM gives a unique opportunity to account for this correlation. While trust would also
be expected to relate strongly to intention, its unique contribution diminishes when controlling for
utility. Future research should be wary of this when choosing statistical approaches for analysing
their data. However, all three of our factors seem to independently contribute important variance
to the predictions of intention.

Some previous research has also included both trust and usefulness. In SEM analyses, these have
often found to be about equally efficacious [27,54,106]. However, these models also include several
other factors that may influence the results. In other frameworks, trust is often either grouped
with background factors and personality, or as a antecedent factor along with experience (i.e. [53]).
There may be room for future research to investigate whether this approach, keeping trust at the
more fundamental stage, could further clarify the simplified SAVA framework. While a meta-analysis
suggests that trust and utility are about equally correlated to behavioural intention, their interconnect-
edness may complicate statistical analyses [107]. This may be solved by conceptually placing trust
at the more fundamental levels of the ‘pyramid of AV acceptance’ [26]. Social comfort seems to be
modestly, but reliably predictive of usage intentions. For this construct, it should be noted that these
effects are at the group level. There may be people in this category for whom social comfort is of
outmost importance. Previous research has suggested that people mostly are quite indifferent, while
there are some who are at both extremes of the spectrum; some being delighted to share while others
are discouraged [8,72]. The SEM model suggests a high degree of explained variance. This further
suggests that the variance within each of the three SAVA-factors do contribute crucially to explaining
SAV acceptance.

25
royalsocietypublishing.org/journal/rsos 

R. Soc. Open Sci. 12: 251891

Downloaded from http://royalsocietypublishing.org/rsos/article-pdf/doi/10.1098/rsos.251891/4436609/rsos.251891.pdf
by TU Delft user
on 13 February 2026



4.3. How to impact shared automated vehicle acceptance factors?
We did expect our vignette experiment to yield small but reliable results. However, this was not the
case. Only one very small statistically significant effect on trust was uncovered. Nor was there any
effect in the full control and full experimental groups as tested in exploratory analysis. These results
show that public perceptions may not be very malleable. It may take more impactful interventions to
improve intention to use through the SAVA-factors. A similar previous approach using illustrations
along vignettes also failed to find any experimental effects, further emphasizing the inability to affect
perceptions in this way [8]. Future studies should look to create more engaging interventions to test
how to best improve acceptance. Several reports have noted positive effects of actual user experience
with AVs [47,86,108], although some find more mixed effects owing to the technological immaturity
of most available AV and SAV pilots [25,51,109]. Appropriate user testing and introduction may be
key in succeeding with SAV deployment. Mere informational campaigns may not be sufficient and
low-capability pilot testing may be harming user acceptance. Further research should continue to
investigate the malleability of the SAVA factors as SAV services become increasingly available.

4.4. Strengths and limitations
The current study uses a stringent pre-registered approach adhering to open science principles. We
have provided theoretical justification for a parsimonious SAVA model. This model shows great
applicability in measuring usage intentions. We failed to find any practically significant effects of our
vignette experiments. However, these null findings are still important as they provide clear avenues for
future research.

Several caveats apply to our research. Recruitment via SMS and email probably under-represents
digitally sceptical groups or groups who are less keen on answering online surveys. The sample was
recruited as a general population sample, but respondents invited by email had already recently
completed one transportation related survey. This two-step selection process may have further
amplified sampling biases. Furthermore, already answering a survey about transport-related topics
may induce a level of experience bias in our respondents. However, the previously completed survey
was on a different topic: perceptions of transport policies for sustainable mobility. This may have made
people more aware of transport research, but probably not to the point of impacting our results.

Our sample was slightly skewed towards male and older participants. Respondents were about
the mid-point on intention to use and tech-savviness, which suggests that they probably were neither
very optimistic nor pessimistic about the future of SAVs, suggesting that they were apt for our theory
and model testing purposes. Differences in commuting times may be important to control for, as
different contexts may yield very different ratings of possible utility for a SAV service. This, and similar
measures of satisfaction with current mode of transport, is exactly the kind of consideration we sought
to capture with our utility factor. Similarly, other questions regarding safety or risk perception may
influence the efficacy and reliability of the trust factor. Because traffic safety and normal commute
times vary with context, this may be important to include to improve external validity.

The cross-sectional design of our study precludes firm causal claims about the ordering of con-
structs. AV experience may, for example, impact SAVA-factors, instead of the other way around. The
respondents’ limited experience with SAVs may also be a cause for future investigation, as some have
suggested that this may impact their answers in important ways [24]. Norway’s characteristically high
institutional trust and low inequality may limit generalizability to lower-trust societies. Future research
should investigate whether and to what extent this impacts results.

In addition, mean values across SAVA-constructs tended to cluster around the midpoint of the scale.
This overall central tendency limits the absolute variance available for explanatory modelling and
highlights an important challenge for SAV acceptance research more broadly. Because most studies,
including ours, rely on hypothetical scenarios of future services, respondents may struggle to take
a clear stance and instead default to a neutral midpoint. This suggests that researchers should be
cautious in interpreting neutral averages, as they may mask underlying heterogeneity in views while
simultaneously constraining the explanatory power of acceptance models. However, we find that
item-level distributions showed that this pattern reflects a mix of divergent responses rather than
uniform neutrality, suggesting that our results were not overly impacted by this. The fact that the scales
centred around the midpoint shows that the totality of items for each scale is well rounded without
any heavy skew, rather than reflecting indifference to the survey questions. Future work should be
weary of this and investigate ways of improving variance in responses to abstract concepts.
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4.5. Future research directions
We encourage future research to test and apply the SAVA model in different cultural, technological
and transport contexts. Further validation could involve longitudinal designs, field experiments or
cross-national surveys to assess the model’s robustness and predictive power. Researchers might also
explore how the relative importance of trust, utility and social comfort shifts across user groups or over
time, especially as exposure to AV technology increases.

5. Conclusions
A succinct SAVA model comprising trust, utility and social comfort was introduced and tested. Results
suggest that it offers a robust yet tractable lens through which to understand public acceptance of
SAVs. While perceived utility remains the primary driver of intention, trust exerts an indispensable
secondary influence, and social discomfort can hinder uptake. Informational nudges alone appear
insufficient to bolster usage intentions. The parsimonious model is a promising new avenue for
practical, yet theoretically anchored, examinations of novel SAV technology in the coming years.
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