
Making emergent technologies more tangible - Effects of 
presentation form on user perceptions in the context of 
automated mobility
By Frederica Janotta*

One of the main challenges of investigating con
sumers’ perceptions and acceptance of emergent 
technologies is that respondents have not had any 
experience with them. This posits the question of 
how such technologies can be effectively presented 
to consumers both in the context of research and 
in measures to foster acceptance. Using automated 
driving as a case study, this paper presents results 
from a comparative study of three presentation 
forms (vignette, real-world video, computer-gener
ated VR) of a ride in an automated vehicle in an 
empirical study with 103 participants. Results from 
quantitative analyses show that both real-world 
videos and the VR simulation outperform textual 
descriptions in terms of visualisation capability 
and user experience. Unexpectedly, the VR simula
tion does not perform significantly better at creat
ing mental images of automated driving than a 
vignette. Recommendations are offered regarding 
the choice of a suitable presentation form in empiri
cal research in relation to study objectives.

Introduction
In recent years, intelligent agents such as chatbots, service 
robots or automated vehicles have increasingly attracted 
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interest in the academic community (van Doorn et al. 
2017; Huang and Rust 2018). Automated mobility, in 
particular, is set to transform the way we travel, work 
and live dramatically (Quarles et al. 2021). Being able 
to anticipate and adapt to complex situations, fully auto
mated vehicles are expected to provide safer and more 
efficient mobility. Beyond that, driving automation will 
enable consumers to socialise, work, and relax while trav
elling and will increase mobility for the physically or 
visually impaired (Sanbonmatsu et al. 2018). Thus, over 
the past decade, there has been an increasing interest 
in how consumers will respond to automated mobility 
offerings, including privately owned automated vehicles, 
autonomous shuttle busses or unmanned drones (Jing et 
al. 2020). However, one of the main challenges of investi
gating consumers’ responses to such emergent technolo
gies is that respondents have not been able to experi
ence them yet (Bjørner 2015). While advanced driver-
assistance systems (ADAS) have been available in mod
ern vehicles for several years, full driving automation is 
still under development1 and is currently not expected 
to be available on the market before 2030 (Quarles et 
al. 2021). Thus, evaluating technologies for automated 
mobility with potential users in real-world environments 
is highly challenging, as it is linked with high costs and 
high potential risks for study participants (Gerber et al. 
2019). To address these challenges, researchers have used 
various forms of visualising these technologies and mak
ing them more tangible to respondents, ranging from tex
tual descriptions to simulated representations in virtual 
reality (VR) to allow for more reliable evaluations in the 
context of empirical studies.

However, to date, little is known about how different 
forms of technology representation in the context of 
empirical research shape respondents’ imagination and 
perceptions of emergent technologies (Mara et al. 2021). 
Only recently, researchers have begun to systematically 
investigate the efficacy of different presentation forms 

1 The Society of Automotive Engineers (SAE) distinguishes six lev
els of vehicle automation based on the capabilities of the auto
mated driving system. At the highest level (full automation) the 
vehicle is able to perform all driving functions under all circum
stances (SAE International 2018). In this paper, “automated vehi
cles” refer to fully automated vehicles where no human interven
tion is required.
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in visualising emergent technologies and their potential 
influence on consumer perceptions (e.g. Hoggenmueller 
et al. 2021; Mara et al. 2021). The review of previous stud
ies shows that very few provide a systematic comparison 
of dynamic visualisation forms such as VR and video rep
resentations, and findings regarding the efficacy of differ
ent presentation forms remain inconclusive. Thus, this 
research comparatively assesses how well text-based sce
nario descriptions paired with static images (vignettes), 
real-world videos and computer-generated VR simula
tions are suited for visualising the experience of a ride 
in an automated vehicle. To this end, a quantitative study 
was implemented, which aimed to answer the following 
research question: How do different presentation forms 
(vignette, real-world video, computer-generated VR sim
ulation) of an emergent technology differ in terms of their 
ability to create mental images of the experience of auto
mated driving in respondents’ minds?

This study offers important insights and methodologi
cal recommendations for research concerned with con
sumers’ perceptions and experience in the context of 
emergent technology. First, it presents one of the first 
comparative studies of different presentation forms of an 
automated ride for the purpose of user-centered research. 
In the context of highly complex emergent technologies 
such as automated driving, it is imperative to make 
experiences with these technologies more tangible to 
consumers using mediated representations, to ensure a 
consistent basis for their evaluations and judgment in 
empirical studies (Mara et al. 2021). In this regard, the 
findings provide important insights into the efficacy of 
different presentation forms in visualising emergent tech
nologies. While the choice of a suitable presentation form 
should take into account study objectives, advantages 
and drawbacks of presentation forms as well as potential 
effects on study participants, our results indicate that 
real-world videos may be more suitable in mediating 
the experience of complex service offerings such as auto
mated driving than VR simulations, as the video created 
the most vivid mental images in respondents and was 
rated most favourably in terms of realism, simplicity, 
and clarity. Second, from a methodological perspective, 
this study offers recommendations for future research on 
choosing suitable presentation forms for empirical stud
ies focusing on experiential aspects of emergent technolo
gies. While this study focused on automated mobility 
offerings, the recommendations provided may be trans
ferred to research investigating consumers’ perceptions of 
and experiences with other emergent technologies, such 
as smart products or service robots. Finally, from a prac
tical perspective, this research provides indications as to 
how stakeholders can make emergent technologies more 
comprehensible to consumers within the scope of efforts 
to pave the way for successful market introduction.

Review of related literature

One of the main challenges of analysing consumers’ 
responses to emergent technologies is that they are not 
implemented yet and thus, very few consumers have 
interacted with them (Venverloo et al. 2020; Mara et al. 
2021). While, in theory, it is preferable to investigate 
aspects related to the evaluation of new technologies 
in real-world settings (Pariota et al. 2017), this is often 
difficult to achieve. This is perhaps most evident in the 
case of automated driving: From a practical perspective, 
driving an automated vehicle in traffic raises serious 
safety and liability issues (Gerber et al. 2019). From an 
empirical standpoint, real traffic environments do not 
comply with the strict protocols of experimental research. 
A recent review of 75 studies focussing on consumer 
responses to automated driving shows that studies pro
viding real driving experience or a simulated ride expe
rience were scarce (10.7% and 4.0% of studies, respec
tively), while 85.3% of studies were conducted online and 
only included explanations of automated driving (Jing 
et al. 2020). While providing valuable insights into con
sumers’ perceptions and determinants of user acceptance, 
one major limitation of such studies is that respondents 
have different conceptions of the focal technology and 
possible interactions with it (Mara et al. 2021). Thus, par
ticipants’ responses are primarily based on preconceived 
information, potentially confounding results (Patterson 
et al. 2017). In the context of emergent, automated tech
nologies, various studies have tried to overcome this limi
tation by employing different presentation forms of the 
focal technology, providing participants with a clearer 
understanding and imagination of the experience of inter
acting with it.

Presentation forms used in current research

Vignettes

To ensure a common understanding of the respective 
technology among respondents, research often resorted 
to providing a definition and/or usage scenario, some
times accompanied by static images, as part of the ques
tionnaire. Such vignettes are widely used in research to 
present respondents with a hypothetical scenario as a 
basis for assessment without having first-hand experience 
(Alexander and Becker 1978; Baccarella et al. 2020). In 
the context of automated mobility offerings, studies have 
applied textual descriptions to examine determinants 
of consumer adoption of privately owned automated 
vehicles (e.g. Baccarella et al. 2020), automated public 
transport, i.e. shuttle busses (e.g. Kaye et al. 2020), as 
well as autonomous commercial airplanes (e.g. Rice et 
al. 2019) and remotely-piloted air taxis (e.g. Winter et 
al. 2020). In one study, text vignettes were even used 
as an initial stimulus to investigate affective reactions 
to automated driving (Hohenberger et al. 2016). Simi

2.
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larly, focusing on consumer responses to humanoid ser
vice robots, other studies have employed descriptions of 
human-robot interactions supplemented by visual images 
as a basis for the empirical investigation (e.g. Jörling et al. 
2019; Letheren et al. 2021).

Despite the prevalence of this approach, some limitations 
remain. Specifically, some authors noted that verbal des
criptions and static images of highly complex emergent 
technologies, such as automated driving, might not suf
fice in providing a common understanding for partici
pants (Liu et al. 2019). Therefore, it is frequently recom
mended to provide respondents with more extensive 
visual information, e.g. through simulations or videos 
(Mara et al. 2021).

Simulations

Another commonly used presentation form in user 
research on emergent technologies is simulations. Most 
simulations display computer-generated virtual environ
ments (Flohr et al. 2020), which can easily be manipulated 
by researchers to alternate individual variables while 
keeping everything else constant (Pan and Hamilton 
2018), thus maximising experimental control. In the con
text of research on automated mobility offerings, various 
simulation platforms are being used, including CAVE-like 
setups, driving simulators, and VR headsets (so-called 
head-mounted displays, HMD) (Hoggenmueller et al. 
2021), while research on human-robot interactions typi
cally resorted to the use of HMDs (e.g. Babel et al. 2022). 
One key feature of such VR headsets is their ability 
to visually isolate the user from the real world while 
enabling 3D vision and dynamic updates of the visual 
scene following head movements (Pan and Hamilton 
2018).

In the context of humanoid robots, several studies have 
employed VR simulations as a proxy for real human-
robot interactions. For example, Herzog et al. (2022) used 
a VR simulation to evaluate how the human-likeness of 
a service robot impacts rule compliance and emotions of 
public transport users. Similarly, other studies assessed 
consumer responses to service robots with the help of VR 
scenarios, highlighting the flexibility and benefits of VR 
simulations in overcoming current hardware limitations 
of automated technology (Babel et al. 2022; Pozharliev et 
al. 2021).

Despite the apparent benefits of VR simulations, in the 
context of automated mobility, this presentation form has 
mostly been applied to investigate human-machine inter
face design (cf. Riegler et al. 2021) but has rarely been 
used in research focusing on general perceptions and 
acceptance. Several studies used VR scenarios to examine 
trust in automated driving (e.g. Wintersberger et al. 2021; 
Ha et al. 2020). Similarly, Venverloo et al. (2020) used 

2.1.2.

a VR simulation to investigate participants’ risk percep
tions and adoption intentions toward autonomous boats 
as a proxy for autonomous vehicles. The authors stress 
the benefits of VR for studies aiming to investigate accep
tance factors of emergent technologies and how they will 
be appropriated.

Videos

Compared to computer-generated environments, real-
world videos can ensure higher visual realism and famil
iarity (Gerber et al. 2019). Notably, real-world videos can 
represent not only the subject of investigation but also a 
rich context at a higher level of realism (Flohr et al. 2020). 
This is particularly helpful in scenarios where context and 
environment are highly complex and dynamic, such as 
driving scenarios.

Several previous studies included videos to provide a 
common understanding of the features and experience 
of fully automated driving. However, the videos differed 
significantly in terms of their content and level of abstrac
tion. While not all studies report details on the specific 
videos used (e.g. Koul and Eydgahi 2018), some videos 
depicted a specific prototype rather than a close-to-reality 
usage situation. For example, to provide participants with 
a better understanding of the technology using a real-life 
example, Böhm et al. (2017) included a stimulus video of 
the autonomous Mercedes F015 prototype in their survey. 
Similarly, focusing on human-robot interactions, Song 
and Kim (2021) employed videos of SoftBank’s humanoid 
robot “Pepper”.

Contents of video stimuli also varied according to the 
respective study’s aim. For example, one study used short 
video clips to illustrate benefits and advantages of the 
technology to investigate their role in the formation of 
opinions about automated vehicles (Chikaraishi et al. 
2020). Erskine et al. (2020) used videos that informed 
subjects about the capabilities of automated vehicles dis
tinguishing three levels of automation to examine corre
sponding differences in consumer attitudes. Videos have 
also been employed to showcase concrete usage situa
tions. For example, Mende et al. (2019) showed videos 
of interactions with humanoid service robots to visualise 
service encounters in medical, educational and dining 
contexts.

Videos have also been used in qualitative studies as an 
initial stimulus before conducting interviews or group 
discussions. For example, Song and Kim (2021) relied 
on a video clip of an interaction with a service robot in 
a retail setting to examine user responses. Similarly, in 
the context of automated driving, Bjørner (2015) showed 
videos of driving scenarios prior to conducting inter
views to explore user acceptance and perceived driv
ing pleasure. The author concludes that video examples 
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help provide study participants with a better conceptual 
understanding of what the technology under study can 
accomplish, suggesting that videos are well suited for 
visualising complex technologies in the context of 
research.

Comparative studies on impacts of different 
presentation forms2

In the context of user studies evaluating emergent tech
nologies, only few studies systematically examined the 
effects of different presentation modes on respondents’ 
understanding and perception of the focal technology. 
For example, Hoggenmueller et al. (2021) examine the 
impact of different presentation modes on participants’ 
perceptions of an external human-machine interface 
(eHMI) in the context of automated driving. Comparing 
a virtually displayed real-world environment, computer-
generated VR and a real-world video, they find that these 
modes do not yield significant differences in user experi
ence ratings of the eHMI. Interestingly, however, qualita
tive data indicate that respondents focused on different 
experiential aspects in each of the presentation forms. 
In the context of service robots, Mara et al. (2021) com
pare four modes of presentation with varying degrees 
of immersion potential (2D videos, 3D videos, VR, live 
interaction) and investigate how they influence user per
ceptions of the robot. Results show the highest perceived 
immediacy, i.e., directness and perceived lack of media
tion, in the live interaction, with slightly lower values for 
the VR condition, but no significant difference between 
the two. Unsurprisingly, the live interaction led to signifi
cantly higher perceived immediacy than the 3D and 2D 
video conditions.

Another stream of research that is concerned with ques
tions of visualisation is stated preference surveys and 
choice experiments (Patterson et al. 2017). In this context, 
it is recognized that different alternatives need to be 
presented to study participants in a way that enhances 
respondents’ understanding of choice options (Louviere 
et al. 2000). Vriens et al. (1998) identified the use of 
graphic visualisations in addition to textual descriptions 
as a promising method to improve respondents’ under
standing of the subject of study. Furthermore, visualisa
tions have been found to enhance the realism of choice 
alternatives and thus increase the reliability of measure
ments compared to text-only conditions (Orzechowski et 
al. 2005).

In the context of choice experiments, several studies 
that have employed virtual environments for visualisa
tion purposes find that they are superior to static image 
presentations in helping people evaluate complex data. 
In particular, results indicate that VR visualisations can 
reduce choice error and bias, compared to static images 
(Bateman et al. 2009; Matthews et al. 2017). Bateman et al. 

2.2.

(2009) conjecture that the greater ‘evaluability’ of the VR 
presentation reduces respondent judgement error. This is 
corroborated by further studies suggesting that VR pre
sentations increase participants’ understanding of the sce
narios presented to them (Farooq et al. 2018). Similarly, 
Fiore et al. (2009) conclude that responses following a VR 
visualisation reflect beliefs that are closer to the truth. 
Focusing on wildfire management policies, the authors 
find that the higher immersion potential of virtual envi
ronments helps in generating subjective beliefs that are 
closer to actual risks compared to standard 2D images.

Some studies, however, indicate that graphic depictions 
can substantially influence respondents’ perceptions and, 
thus, should be carefully considered before being incorp
orated into experimental designs (Jansen et al. 2009). In 
particular, several studies suggest that visual representa
tions can bias responses in the sense that certain char
acteristics appear to be more important to respondents’ 
overall evaluation when shown visually than when pre
sented in written format (Vriens et al. 1998; Jansen et al. 
2009). Other studies, however, do not find that visualisa
tions affect the relative importance of attributes (Arentze 
et al. 2003; Patterson et al. 2017), nor reduce error vari
ance (Arentze et al. 2003) in choice experiments. Arentze 
et al. (2003) therefore conclude that the development 
effort of graphical material is not compensated by better 
quality data.

Given these inconclusive findings, the present study fur
ther examines the potential impact of presentation forms 
on respondents’ perceptions of emergent technologies. In 
particular, considering the high cost of computer-based 
virtual environments, it seems warranted to investigate 
whether the ability of more immersive presentation forms 
to visualise dynamic scenarios can justify the costs associ
ated with creating them (Vriens et al. 1998).

Hypothesis development

Building on the previously described advantages and 
limitations of various forms of technology representa
tion, this research comparatively assesses how well real-
world videos and computer-generated VR simulations 
presented via HMD are suited for visualising the expe
rience of a ride in an automated vehicle, compared to 
a vignette, i.e. a text-based scenario description supple
mented by static pictures, as a baseline.

The included presentation forms can be distinguished by 
the degree of immersion which they achieve, i.e. their 
immersion potential (Mara et al. 2021; Peukert et al. 2019). 
In general, the term immersion describes the extent to 

3.

2 See Table D.1 in Appendix D for an overview of previous 
comparative studies.
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which a virtual environment is “capable of delivering 
an inclusive, extensive, surrounding and vivid illusion of 
reality to the senses” (Slater and Wilbur 1997, p. 604). 
According to this definition, technical systems vary in 
terms of the degree of isolation from reality (inclusive
ness), the number and magnitude of stimulation of differ
ent sensory channels (extensiveness), the field of view 
delivered by the medium (surrounding), and the extent 
to which the system is able to create naturalistic environ
ments in terms of resolution, fidelity and richness (vivid
ness) (Peukert et al. 2019).

With their 360-degree field of view and their ability to 
shut out the physical surroundings of study participants, 
VR simulations shown via HMD arguably outperform 
real-world videos presented on a 2D screen in terms of 
immersion potential (Pan and Hamilton 2018). In line 
with previous research (Mara et al. 2021; Peukert et al. 
2019; Fiore et al. 2009), it is therefore assumed that the 
VR presentation entails higher immersion potential than 
the real-world video, which is presented on a simple 
desktop screen. Featuring only a textual description and 
still images of the scenario, the vignette condition is con
sidered to provide the lowest immersion potential. Due 
to these differences in immersion potential, it is hypothe
sised that the three presentation forms vary in terms of 
the vividness of mental imagery created in respondents’ 
minds, their user experience and their visualisation capa
bility.

Perceived vividness of mental imagery is defined as the 
degree to which a stimulus is able to evoke lively images 
in a consumer’s mind (Vazquez 2019) and refers to the 
quality of mental imagery created in terms of clarity, 
intensity and distinctiveness (MacInnis and Price 1987). 
It relates to the extent to which participants feel that a 
representation of the focal technology evokes lively and 
detailed mental images (Keller and Block 1997). Previous 
research indicates that the rich, dynamic stimuli of a vir
tual experience with an object produce more vivid images 
in the participant’s mind than static pictures or text (Harz 
et al. 2022; Schlosser 2006). In general, VR simulations 
can achieve a very realistic and engaging visualisation, 
mainly due to their ability to showcase a 360-degree-view 
from a first-person perspective, evoking the impression 
that the participant is in fact surrounded by the virtual 
environment (Harz et al. 2022; Pan and Hamilton 2018). 
Previous studies indicate that this immersive aspect 
of VR in particular facilitates the formation of mental 
images, suggesting the superiority of computer-generated 
VR even when compared to dynamic, real-world images 
(Fiore et al. 2009; Mara et al. 2021). Building on these 
insights, it is expected that the VR simulation will elicit 
more vivid mental imagery than both the real-world 
video and the textual description of the vignette, while 

the video is expected to elicit more vivid mental images 
than the vignette.

H1: Presentation forms with higher immersion potential gen
erate more vivid mental images of the automated driv
ing experience than presentation forms with less immer
sion potential. Specifically, real-world videos will gener
ate more vivid mental imagery than the vignette (H1a), 
and the VR simulation will generate more vivid men
tal imagery than both real-world videos (H1b) and the 
vignette (H1c).

This study specifically focuses on the ability of the pre
sentation forms to mediate the experience of a ride in an 
automated vehicle in a realistic and pleasant way. There
fore, to examine respondents’ subjective experience with 
the respective presentation form and evaluate aspects 
of usability, perceived visual realism and overall aes
thetic appeal, the three presentation forms were assessed 
in terms of their user experience. Following previous 
research, it is expected that the high immersion achieved 
in VR positively influences user experience (Brade et al. 
2017). Previous studies indicate that, compared to less 
or non-immersive displays, highly immersive displays 
evoke more positive affective responses and a higher 
sense of presence, which are positively linked to user 
experience (Wienrich et al. 2018; Pallavicini et al. 2019). 
Therefore, it is hypothesised that the VR simulation will 
be rated more favourably in terms of its user experience 
than real-world videos and the vignette. Additionally, the 
video is expected to provide a more pleasant user experi
ence than the vignette.

H2: Presentation forms with higher immersion potential will 
be rated more favourably in terms of their user experi
ence than presentation forms with less immersion poten
tial. Specifically, real-world videos will be rated more 
favourably than the vignette (H2a), and the VR simula
tion will be rated more favourably than both real-world 
videos (H2b) and the vignette (H2c).

The main goal of technology representations in the con
text of empirical research is to ensure a realistic visual
isation of the focal technology to enable more reliable 
evaluations by respondents (Farooq et al. 2018). Follow
ing Harz et al. (2022), we investigate visualisation capa
bility, which refers to the ability of a presentation form 
to visualise new products and environments in a compre
hensive manner to allow for a deeper understanding and 
a clearer vision in the respondent’s mind. The authors 
suggest that VR has a higher visualisation capability than 
alternative multimedia visualisation approaches, which 
can be attributed to VR’s simulation scope, similarity to 
reality, and immersion (Harz et al. 2022). Compared to the 
immersive depictions of the vehicle and the surrounding 
environment achieved in VR, viewing a flat representa
tion of the same objects and environments on a screen 
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may create a lower similarity to reality in terms of the 
actual experience (Hoggenmueller et al. 2021; Fiore et al. 
2009). In line with this reasoning, it is expected that par
ticipants will perceive the VR simulation to have a higher 
visualisation capability than the real-world video and the 
vignette. Additionally, as dynamic stimuli have a higher 
ability to visualise new technologies and related usage 
scenarios than static pictures or text (Roggeveen et al. 
2015), it is expected that the video condition will be rated 
more favourably in terms of its capability to visualise 
automated driving than the text vignette.

H3: Presentation forms with higher immersion potential 
will be rated more favourably in terms of their capabil
ity to visualise automated driving than presentation 
forms with less immersion potential. Specifically, real-
world videos will be rated more favourably than the 
vignette (H3a), and the VR simulation will be rated 
more favourably than both real-world videos (H3b) and 
the vignette (H3c).

Empirical study

Study design & participants

A between-subjects design was adopted to assess how 
respondents evaluate different forms of technology pre
sentations (vignette, real-world video, VR simulation) in 
terms of their ability to visualise a ride experience in an 
automated vehicle. Data was collected using an online 
questionnaire comprised of 7-point Likert scale items as 
well as one open-ended question. If necessary, survey 
items were adapted to fit the context of the study. A small 
pilot test (n=13) was run to check the comprehensibility 
of the questionnaire, after which the phrasing of certain 
items was adjusted to ensure clarity. Two attention checks 
asked participants to select a specific response option on 
the Likert scale.

Participants were recruited on the university campus as 
well as via announcements in local news outlets, to reach 
a diverse audience. The call for participation stated that 
the study would pertain to attitudes towards automated 
driving. A monetary incentive was offered to boost the 
overall participation rate. Following previous research 
(e.g. Mara et al. 2021; Brade et al. 2017), we aimed for 
n > 30 participants per experimental condition. Overall, 
109 participants were recruited, six of which had to be 
excluded from the analysis due to failed attention checks, 
leaving a sample of n=103.

Forms of presentation

The driving scenario was the same across all three presen
tation forms. Study participants were put in the perspec
tive of a passenger taking a ride in an automated vehicle. 
To create the video, a ride in a seemingly fully automated 

4.
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4.2.

vehicle was recorded in a natural traffic environment 
from the perspective of a passenger in the driver’s seat. 
The scenario showed an 8-minute-drive and included a 
variety of everyday driving manoeuvres encountered in 
urban and suburban traffic as well as different driving 
speeds. Throughout the scenario, other vehicles pass by 
on the oncoming lane, and pedestrians can be seen on 
sidewalks. It is visible that the vehicle performs all driv
ing tasks autonomously. The video was presented to par
ticipants in full-screen mode on a 24-inch full HD screen.

To develop a matching VR simulation, a professional ser
vice firm specialising in 3D modelling and simulation 
design was commissioned. The pre-recorded video was 
provided as a reference. The 3D designer used an exist
ing VR scenario as a basis and, in an iterative process, 
adjusted it to match the video. Both the video and the 
simulation did not include an audio track. Participants 
experienced the VR simulation using HTC VIVE Pro VR 
headgear (for system specifications, see Appendix B).

Finally, a detailed description of the same driving scene 
was written to create the text-based scenario included 
as a baseline in the study, accompanied by screenshots 
from the video. Care was taken to provide an objective 
description of the driving situation. Appendix A provides 
the text description and screenshots of the presentation 
forms used.

Study procedure

Upon arrival, participants were informed about the study 
procedure and were asked to fill in the pre-assessment 
questionnaire, which included a brief description of fully 
automated vehicles. Subsequently, they were presented 
with the driving scenario. In the vignette condition, par
ticipants were asked to read the scenario description on 
an additional screen. Similarly, the real-world video was 
presented on an additional screen. In the VR condition, 
participants were asked to put on HTC VIVE Pro head
gear to experience the simulation. Finally, participants 
completed the second part of the questionnaire com
prised of items measuring their perception of vividness 
of mental imagery (α=0.92; Miller et al. 2000), user experi
ence (α=0.85; Schrepp et al. 2017), and visualisation capa
bility of the presentation form (α=0.93, self-developed). 
Measurement scales are provided in Appendix C. Addi
tionally, one open-ended question asked participants to 
freely comment on those aspects of the presentation form 
that had stood out most to them.

Results

Sample characteristics

The sample had a mean age of 32.22 years (SD = 14.63, 
min = 19, max = 73); 57 participants were female (55%). 

4.3.

5.

5.1.
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17.5% of participants drove a car daily, 61.1% weekly, 
while 21.4% indicated using a car only sporadically.

Participants were randomly assigned to the treatment 
groups, leading to three groups of roughly the same size 
(ntext = 36, nvideo = 34, nsimulation = 33).

Control questions

To account for differences in risk perceptions potentially 
caused by varying levels of detail between the different 
visualisation forms, we included two control questions, 
which asked participants to rate the riskiness and safety 
of the driving situation depicted in the scenario. As 
intended, perceptions of riskiness and safety did not dif
fer significantly between conditions (for riskiness: Mtext = 
4.97, Mvideo = 5.03, Msimulation = 5.15, p = 0.913; for safety: 
Mtext = 5.50, Mvideo = 5.03, Msimulation = 4.76, p = 0.127).

Evaluation of presentation forms

A one-way ANCOVA was conducted to compare the 
effect of presentation form on the vividness of mental 
imagery elicited by the vignette, real-world video and VR 
simulation, while controlling for frequency of car usage. 
There was a significant effect of presentation form on 
vividness of mental imagery at the p < .05 level for the 
three conditions [F(2, 99) = 5.851, p = 0.004]. Post hoc 
comparisons using the Tukey test indicated that the mean 
score for the real-world video condition (M = 5.13, SD = 
0.93) was significantly higher than the text condition (M 
= 4.27, SD = 1.3; p = 0.004). Additionally, the video condi
tion evoked a marginally significant increase in vividness 
of mental imagery compared to the VR condition (M = 
4.49, SD = 1.21; p = 0.053). Interestingly, the VR condition 
did not significantly differ from the text condition (p = 
0.721). These results only partly support our hypotheses. 
Specifically, while these results suggest that real-world 
videos evoke more vivid imagery than textual descrip
tions (H1a), as expected, they indicate that the VR simula
tion does not perform significantly better at creating vivid 
mental images of automated driving than videos (H1b) or 
the vignette (H1c).

In the same way, a one-way ANCOVA was conducted 
to compare the three presentation forms in terms of user 

5.2.

5.3.

experience, controlling for frequency of car usage. User 
experience differed significantly between the three condi
tions [F(2, 99) = 4.075, p = 0.02]. Post hoc comparisons 
showed that the mean score for the video condition (M 
= 5.33, SD = 0.94) was significantly higher than the text 
condition (M = 4.71, SD = 1.16; p = 0.017), confirming 
H2a. However, the VR simulation condition (M = 5.11, 
SD = 0.91) did not significantly differ from the text and 
real-world video conditions (p = 0.229 and p = 0.649, 
respectively), which leads us to dismiss H2b and H2c.

Finally, a third one-way ANCOVA examined how the 
presentation forms were evaluated overall in terms of 
their visualisation capability, controlling for frequency of 
car usage. The evaluation differed significantly between 
conditions [F(2, 99) = 4.358, p = 0.015]. Post hoc compar
isons revealed that the mean score for the video condition 
(M = 4.88, SD = 1.25) was significantly higher than the 
text condition (M = 3.94, SD = 1.72; p = 0.04), confirming 
H3a. Similarly, the VR simulation condition (M = 4.9, 
SD = 1.65; p = 0.036) was evaluated significantly more 
positive than the text condition (H3c). There was no sig
nificant difference between the video and VR conditions 
(p = 0.997, H3b). Again, these results only partly support 
our hypotheses.

Additionally, a closer look was taken at the individual 
items (semantic differentials) used to measure vividness 
of mental imagery and user experience. Interestingly, the 
real-world video received higher scores on all imagery 
scale items, indicating that the video consistently evoked 
more vivid mental images than the VR simulation. The 
comparison of mean scores for individual items of the 
user experience scale revealed that while the real-world 
video was rated more favourably in terms of realism 
(MVideo= 5.21, MVR = 4.33), simplicity (MVideo = 5.94, MVR 

= 5.7), clarity (MVideo = 5.65, MVR = 4.73), pleasantness 
(MVideo = 5.09, MVR = 4.39) and overall value (MVideo = 
5.47, MVR = 5.24), the VR simulation received noticeably 
higher scores in terms of excitement (MVideo = 4.74, MVR = 
5.18) and interestingness (MVideo = 5.15, MVR = 5.85). Fig. 1 
illustrates these observations.
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Fig. 1: Comparison of mean values for individual items of vividness of mental imagery and user experience.

 
Discussion

Evaluation of presentation forms

Results demonstrate that, of the three presentation forms 
included, real-world videos evoke the most lively, sharp 
and vivid mental imagery of automated driving in 
respondents. Additionally, the comparison of mean scores 
for individual items of the user experience scale showed 
that the video was rated most favourably in terms of real
ism, simplicity and clarity. Qualitative comments from 
the open question confirmed this finding, as participants 
commented favourably on image quality (e.g. P68: “Image 
quality was top notch!”), visual clarity (e.g. P69: “Picture 
was sharp throughout.”) and realism of the video scenario 
(e.g. P58: “Route was known to me, which I found quite 
positive. That made it more realistic.”). These findings cor
respond to previous research, which showed that real-
world images outperformed computer-generated graph
ics in terms of realism (Gerber et al. 2019; Yeo et al. 
2020). It was striking, however, that in the real-world 
video condition, open comments focused mostly on the 
specific driving behaviour displayed by the vehicle. Even 
though in recording the ride, care was taken to ensure 
that traffic regulations and speed limits were observed at 
all times while maintaining a cautious driving style, as 
is to be expected of automated vehicles, some study par
ticipants criticised the fact that the vehicle drove slower 
on rural roads and sometimes faster in towns than they 
would have considered appropriate, as stated by P16: “I 
would not drive only 70km/h outside the city and would be 
very annoyed by other drivers driving this slowly for no appar
ent reason.”. This observation contrasts previous research, 
which reported that participants were less aware of 
vehicle speed and behaviour towards other road users 
in a video representation, compared to a VR scenario 
(Hoggenmueller et al. 2021). Similarly, other behaviours 
displayed by the vehicle were criticised: “The distance to 
pedestrians crossing the street should have been greater.” (P52). 
It may be that the higher familiarity with the driving 

6.

6.1.

situation as depicted in the real-world video led to more 
critical evaluations of the scenario and displayed driving 
behaviour in this condition.

Results of the analyses further showed that the VR sim
ulation was rated considerably lower in terms of its abil
ity to stimulate lively mental images of automated driv
ing than the real-world video, although only marginally 
significant. This finding was unexpected, as previous 
research indicates that the rich, dynamic stimuli of VR 
increase vividness of mental imagery elicited (Schlosser 
2006). However, it seems possible that the evoking of 
mental images was limited due to restrictions of the 
VR simulation. Some authors point out that despite 
the advanced state of the technology, study participants 
sometimes perceive simulations as game- or cartoon-like, 
which may prompt them to feel detached from the virtual 
environment and, in turn, may elicit less lively mental 
imagery (Hoggenmueller et al. 2021; Hutchins et al. 2019). 
Some of the open comments also related to this aspect, 
for example, P84 commented: “It looked like a video game 
to me, which did not make it feel like a real experience”. 
Additionally, scores for individual items of the user expe
rience scale showed that the VR simulation was rated less 
favourably with regard to simplicity and pleasantness 
than the real-world video. This observation was corrob
orated by participants commenting on the blurriness of 
the display: “Interior of the car was a bit blurry from time 
to time. Movements felt a bit jerky.” (P90). Similarly, the 
experience of movement lag and cyber sickness is another 
problem frequently encountered in the context of VR sim
ulations (Calogiuri et al. 2018), which may lead to less 
favourable evaluations (Hoggenmueller et al. 2021). In 
the present study, six participants commented on experi
encing movement lag (e.g. P95: “The simulation did not 
run smoothly in some parts”), while two participants men
tioned a slight motion sickness due to blurriness of the 
image, e.g. P86: “I was glad when I could take off the VR 
glasses, otherwise I would have felt sick. Sudden turns and 
blurry images led to dizziness.”. Lastly, it should be noted 
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that, while the VR simulation received a lower score in 
the overall user experience, it was perceived as more 
interesting and exciting than the video – this “wow fac
tor” of immersive VR displays (Pan and Hamilton 2018, 
p. 398) has been found to have positive effects on partici
pants’ enjoyment and engagement during data collection 
in previous research (Brade et al. 2017).

Finally, the results reveal that the vignette was perceived 
as the least suitable presentation form for visualising a 
ride experience in an automated vehicle: The mean value 
of 3.94 for visualisation capability indicates a rather crit
ical evaluation by respondents. Similarly, with a mean 
value of 4.27, the vignette did not seem to evoke particu
larly lively mental images in respondents. This finding 
corresponds with studies reporting that textual descrip
tions of ADAS did not perform as well in visualising 
functionalities and human-machine interactions as a sim
ulator experience (Rahman et al. 2017). While vignettes 
have been used extensively in research, their suitability in 
the context of automated driving research therefore seems 
limited (Nastjuk et al. 2020). Even though textual descrip
tions may help foster a basic understanding of emergent 
technologies, they do not suffice in making them more 
tangible for consumers (Liu et al. 2019). Interestingly 
though, open comments in the vignette condition were 
quite positive overall. In particular, it was highlighted 
that the vehicle reacted correctly to different driving situ
ations, for example: “It was good that the vehicle recognised 
different environments and adjusted the speed accordingly.” 
(P11). Even though the vignette described the same driv
ing behaviour that was displayed in the other conditions, 
including vehicle speed, no critical comments were made 
about these aspects.

Implications for study design in the context of 
emergent technologies

Overall, the findings of this research indicate that the 
included presentation forms differ significantly in terms 
of their ability to create mental images of the focal tech
nology, their user experience and their visualisation capa
bility. Additionally, open comments suggest that partici
pants focus on different aspects of the scene as well as 
behaviours displayed by protagonists in the scenarios 
– in this case, the driving behaviour of the focal auto
mated vehicle – depending on the presentation form 
used. These findings suggest that choice of presentation 
forms should take into account potential effects on study 
participants, advantages and drawbacks of presentation 
forms as well as study objectives. While by no means con
clusive, the following recommendations provide indica
tions for future research regarding the choice and design 
of suitable presentation forms for visualising emergent 
technologies for the purpose of empirical research.

6.2.

Open comments indicated that, even though most partic
ipants inferred it was not an actual self-driving vehicle, 
the real-world video condition was perceived as very 
realistic due to the naturalistic environment. While VR 
offers high immersion, 3D environments used in VR sim
ulations often lack visual richness and realism compared 
to real-world videos (Gerber et al. 2019). Additionally, 
real-world videos can represent not only the subject of 
investigation, e.g. the automated vehicle, but also a more 
detailed context at a higher level of realism (Flohr et al. 
2020). This may be beneficial in cases where not only 
a specific object, like a product or prototype, is to be 
evaluated, but rather an experience, which requires more 
contextual information.

In contrast, due to limits in computing power, simula
tions typically include only a limited number of anima
tions (Venverloo et al. 2020). Because of this, the investi
gation of more complex scenarios, such as urban traffic, 
may be difficult in VR. Additionally, it may not be advis
able to use VR in very dynamic scenarios due to sub
stantial confounding effects of simulator sickness. Thus, 
videos may be easier to implement in many cases when 
the goal is to simulate dynamic situations, such as auto
mated driving, rather than building and using compara
ble computer-generated environments (Yeo et al. 2020).

Linked to this, however, when using real-world videos, 
researchers need to consider unintended and poten
tially confounding effects of the environment and the 
behaviour of other actors. When videos are created in 
real environments, undesired confounds may occur and 
may adversely affect respondents’ perceptions (Flohr et 
al. 2020; Orzechowski et al. 2005). Qualitative data in 
this study also indicated that aspects beyond the vehi
cle itself influenced participants’ perceptions. In contrast, 
computer-generated simulations allow for high controlla
bility and enable the use of carefully crafted scenarios, 
thus limiting unwanted confounding effects (Gerber et al. 
2019).

As qualitative comments showed, representations in com
plex VR scenarios may lead participants to express feed
back directed at peculiarities and visual fidelity of the 
presentation (e.g. textures, glitches or blurry elements). 
Similarly, in previous research, VR led participants to 
focus more closely on the presentation of computer-gen
erated other human beings in the scenario, with whom 
they felt to be sharing the experience in the context of 
shared automated mobility (Hoggenmueller et al. 2021). 
This indicates that elements of the VR experience may 
distract participants from a holistic evaluation of the sce
nario being shown. Therefore, it seems that VR simula
tions are better suited for the assessment of less complex 
scenarios and technology representations, or for evalua
tions of prototypes that require more focused attention. 
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Here, the high immersion and engagement achieved in 
VR may help participants focus on the main subject of 
investigation without distractions from environmental 
factors or other actors.

Linked to this, however, it should be considered that 
while HMDs allow users to be fully immersed in VR, 
they also ‘cut off’ participants from the real environment 
surrounding them, thus making it difficult to conduct 
studies that involve interactions with real objects (Pan 
and Hamilton 2018). In the context of automated driving 
research, this implies that it is impossible to study real
istic behaviour during an automated ride without addi
tional hardware (i.e. hand-held controllers) and consider
able additional development effort, as the HMD makes it 
very difficult for study participants to engage in other, 
non-driving related tasks involving hand-held objects 
such as personal smartphones or laptops.

In general, it should be noted that VR simulations are 
typically rather costly and require specialised hard- and 
software as well as substantial time and skill to create 
the simulated environment (Flohr et al. 2020). In addi
tion to that, the data collection using VR is cumbersome 
compared to browser-based surveys including textual 
descriptions or videos. Because videos do not require 
specialised equipment to display them, they can easily 
be incorporated into online surveys, thus facilitating 
data collections with larger samples and lower costs. 
Additionally, they can easily be shared between research 
groups and institutions to conduct comparable studies 
(Pan and Hamilton 2018). Therefore, compared to VR 
simulations, real-world videos may be preferable in terms 
of reproducibility and cost-efficiency.

Finally, vignettes arguably represent the most convenient, 
time- and cost-efficient way of presenting emergent tech
nologies to consumers. However, it has been pointed out 
that textual descriptions may only help foster a basic 
understanding of emergent technologies but do not suf
fice in making them more comprehensible to potential 
users (Liu et al. 2019). Still, in studies that aim to examine 
general attitudes and acceptance factors with regard to 
a specific technology, it may be sufficient to provide a 
textual description accompanied by pictures. However, 
close attention should be paid so that descriptions do 
not include evaluative statements about the technology, 
to minimise the potential influence on participants’ evalu
ations (Nastjuk et al. 2020).

Practical Implications

This research provides implications regarding how emer
gent, automated technologies and related service offer
ings should be communicated and advertised to make 
them more comprehensible to potential future users and 
the general public. In particular, this study reveals that 

6.3.

the real-world video representation was rated the most 
supportive in imagining a ride experience in an auto
mated vehicle. Thus, videos seem to be a promising 
presentation form to familiarise consumers with auto
mated mobility offerings. Previous research shows that 
an increase in information and knowledge about tech
nologies such as automated driving or artificial intelli
gence increase trust and usage intentions (Ayoub et al. 
2021; Bedué and Fritzsche 2021). Therefore, depending 
on objectives, videos can be enriched with explanations 
and information to help consumers understand the bene
fits and limitations of the focal technology. Additionally, 
videos can easily be distributed through various chan
nels to reach a large audience in a resource-efficient way, 
making them a valuable medium for informational cam
paigns. In contrast, VR simulations may be a promising 
presentation form in the context of informational events, 
thanks to their “wow”-factor and ability to leave a last
ing impression on users. Properly implemented in public 
information campaigns, a mix of different presentation 
forms may therefore assist in paving the way for the suc
cessful introduction of automated technology and related 
service offerings.

Limitations and future research

While the results of this exploratory study provide rele
vant insights regarding the perception of different presen
tation forms of emergent technologies, this research is not 
without limitations.

First, while participants received a small monetary com
pensation to stimulate participation in this study, per
sonal interest in automated vehicles may have triggered 
participation and thus resulted in a sample with an 
above-average interest in new technologies. Additionally, 
despite efforts to recruit a heterogeneous group of partic
ipants with respect to demographic characteristics, the 
comparatively small sample size limits the generalizabil
ity of the reported findings. Future research should there
fore seek to include larger and more diverse samples.

Second, the selected presentation forms were subject to 
limitations. While the vignette was adapted to the sce
nario shown in the video and the simulation, the text 
description inevitably contained less detailed information 
about contextual factors than the other conditions. Simi
larly, it seems possible that further variables could have 
influenced participants’ evaluations of the chosen presen
tation forms. For example, some authors report higher 
values of enjoyment elicited by VR environments com
pared to less immersive presentation forms (e.g. Brade 
et al. 2017), which could have biased the assessment of 
user experience or visualisation capability. Future studies 
should seek to control for such effects.

7.
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Third, this study did not compare mediated presenta
tion forms with an actual driving scenario. As such, the 
question of whether the effects found in empirical stud
ies relying on mediated experiences are transferable to 
respondents’ perceptions and evaluations following real-
world driving experiences remains unclear. A compari
son of mediated and actual experiences with automated 
driving could thus help in identifying systematic bias in 
empirical studies (Mara et al. 2021). Additionally, future 
research should seek to examine potential moderating 
effects of personal characteristics such as affinity towards 
technology.

Finally, this research did not investigate the effects of 
presentation forms on users’ evaluations and acceptance 
of emergent technologies. Extant research suggests that 
experience can enhance consumers’ trust and acceptance 
of automated technology (e.g. Moták et al. 2017). How
ever, while preliminary evidence indicates that even 
mediated experiences, e.g. through simulations, may 
yield changes in trust in automation (e.g. Gold et al. 2015; 
Wintersberger et al. 2021), to the best of our knowledge, 
no attempts have been made to systematically investigate 
whether such mediated experiences can effectively influ
ence attitudes and acceptance of a technology as complex 
as automated driving. With regard to measures aimed 
at promoting acceptance, this might be an interesting 
avenue for future research.

Conclusion

It is difficult to experience and evaluate a technology 
that is not fully implemented yet. Thus, study partici
pants often rely on imaginations when asked about their 
perceptions of and intentions to use emergent technolo
gies. By systematically investigating the effect of differ
ent forms of technology representation in a comparative 
study, focusing on the use case of automated driving, 
this research adds to the methodological discussion of 
making emergent technologies tangible for study partici
pants and provides recommendations for future research. 
Specifically, results indicate that real-world videos may 
be more suitable in mediating the experience of complex 
service offerings such as automated driving than VR sim
ulations. Although not conclusive, the recommendations 
given provide directions with regard to the choice of a 
suitable visualisation considering advantages and draw
backs of different presentation forms as well as research 
objectives.

References

Alexander, C. S., & Becker, H. J. (1978). The use of vignettes in 
survey research, Public opinion quarterly, 42(1), 93-104.

Arentze, T., Borgers, A., Timmermans, H., & DelMistro, R. 
(2003). Transport stated choice responses: effects of task 

8.

complexity, presentation format and literacy, Transporta
tion Research Part E: Logistics and Transportation Review, 
39(3),229–244.

Ayoub, J., Yang, X. J., & Zhou, F. (2021). Modeling disposi
tional and initial learned trust in automated vehicles with 
predictability and explainability, Transportation research part 
F: traffic psychology and behaviour, 77, 102-116.

Baccarella, C. V., Wagner, T. F., Scheiner, C. W., Maier, L., 
& Voigt, K. I. (2020). Investigating consumer acceptance 
of autonomous technologies: the case of self-driving auto
mobiles, European Journal of Innovation Management, 24(4), 
1210-1232.

Babel, F., Vogt, A., Hock, P., Kraus, J., Angerer, F., Seufert, T., 
& Baumann, M. (2022). Step Aside! VR-Based Evaluation of 
Adaptive Robot Conflict Resolution Strategies for Domestic 
Service Robots, International Journal of Social Robotics, 1-22.

Bateman, I. J., Day, B. H., Jones, A. P., & Jude, S. (2009). 
Reducing gain–loss asymmetry: a virtual reality choice 
experiment valuing land use change, Journal of Environmen
tal Economics and Management, 58(1), 106-118.

Bedué, P.; Fritzsche, A. (2021). Can we trust AI? An empirical 
investigation of trust requirements and guide to successful 
AI adoption, Journal of Enterprise Information Management, 
1-20.

Bjørner, T. (2015). A priori user acceptance and the perceived 
driving pleasure in semi-autonomous and autonomous 
vehicles, European Transport Conference 2015, Frankfurt.

Brade, J., Lorenz, M., Busch, M., Hammer, N., Tscheligi, M., & 
Klimant, P. (2017). Being there again–Presence in real and 
virtual environments and its relation to usability and user 
experience using a mobile navigation task, International 
Journal of Human-Computer Studies, 101, 76-87.

Böhm, P., Kocur, M., Firat, M., & Isemann, D. (2017). Which 
Factors Influence Attitudes Towards Using Autonomous 
Vehicles?, Proceedings of the 9th International Conference on 
Automotive User Interfaces and Interactive Vehicular Applica
tions Adjunct, 141-145.

Calogiuri, G., Litleskare, S., Fagerheim, K. A., Rydgren, T. L., 
Brambilla, E., & Thurston, M. (2018). Experiencing nature 
through immersive virtual environments: Environmental 
perceptions, physical engagement, and affective responses 
during a simulated nature walk, Frontiers in Psychology, 8, 
2321.

Chikaraishi, M., Khan, D., Yasuda, B., & Fujiwara, A. (2020). 
Risk perception and social acceptability of autonomous 
vehicles: A case study in Hiroshima, Japan, Transport Policy, 
98, 105-115.

Erskine, M. A., Brooks, S., Greer, T. H., & Apigian, C. (2020). 
From driver assistance to fully-autonomous: examining 
consumer acceptance of autonomous vehicle technologies, 
Journal of Consumer Marketing, 37(7), 883-894.

Farooq, B., Cherchi, E., & Sobhani, A. (2018). Virtual immer
sive reality for stated preference travel behavior experi
ments: A case study of autonomous vehicles on urban 
roads, Transportation Research Record, 2672(50), 35-45.

Fiore, S. M., Harrison, G. W., Hughes, C. E., & Rutström, E. 
E. (2009). Virtual experiments and environmental policy, 
Journal of Environmental Economics and Management, 57(1), 
65-86.

Flohr, L. A., Janetzko, D., Wallach, D. P., Scholz, S. C., 
& Krüger, A. (2020). Context-Based Interface Prototyping 

Janotta, Making emergent technologies more tangible

SMR · Journal of Service Management Research · Volume 7 · 1/2023 17

https://doi.org/10.5771/2511-8676-2023-1-7
Generiert durch Universitätsbibliothek Eichstätt-Ingolstadt, am 14.04.2023, 10:02:15.

Das Erstellen und Weitergeben von Kopien dieses PDFs ist nicht zulässig.

https://doi.org/10.5771/2511-8676-2023-1-7


and Evaluation for (Shared) Autonomous Vehicles Using a 
Lightweight Immersive Video-Based Simulator, Proceedings 
of the 2020 ACM Designing Interactive Systems Conference, 
1379-1390.

Gerber, M. A., Schroeter, R., & Vehns, J. (2019). A video-based 
automated driving simulator for automotive UI prototyp
ing, UX and behaviour research, Proceedings of the 11th 
International Conference on Automotive User Interfaces and 
Interactive Vehicular Applications, 14-23.

Gold, C., Körber, M., Hohenberger, C., Lechner, D., & Bengler, 
K. (2015). Trust in automation–before and after the experi
ence of take-over scenarios in a highly automated vehicle, 
Procedia Manufacturing, 3, 3025-3032.

Ha, T., Kim, S., Seo, D., & Lee, S. (2020). Effects of expla
nation types and perceived risk on trust in autonomous 
vehicles, Transportation research part F: Traffic Psychology and 
Behaviour, 73, 271-280.

Harz, N., Hohenberg, S., & Homburg, C. (2022). Virtual Real
ity in New Product Development: Insights from Prelaunch 
Sales Forecasting for Durables, Journal of Marketing, 86(3), 
157-179.

Herzog, O., Forchhammer, N., Kong, P., Maruhn, P., Cornet, 
H., & Frenkler, F. (2022). The Influence of Robot Designs on 
Human Compliance and Emotion: A Virtual Reality Study 
in the Context of Future Public Transport, ACM Transac
tions on Human-Robot Interaction (THRI), 11(2), 1-17.

Hoggenmueller, M., Tomitsch, M., Hespanhol, L., Tran, T. T. 
M., Worrall, S., & Nebot, E. (2021). Context-Based Interface 
Prototyping: Understanding the Effect of Prototype Repre
sentation on User Feedback, Proceedings of the 2021 CHI 
Conference on Human Factors in Computing Systems, 1-14.

Hohenberger, C., Spörrle, M., & Welpe, I. M. (2016). How 
and why do men and women differ in their willingness 
to use automated cars? The influence of emotions across 
different age groups, Transportation Research Part A: Policy 
and Practice, 94, 374-385.

Huang, M.-H. & Rust, H. (2018). Artificial intelligence in ser
vice, Journal of Service Research, 21(2), 155-172.

Hutchins, N. F., Kerr, A. J., & Hook, L. R. (2019). User Accep
tance in Autonomous Vehicles: The Evolution of the End 
User, 2019 International Symposium on Systems Engineering 
(ISSE), 1-8. IEEE.

Jansen, S., Boumeester, H., Coolen, H., Goetgeluk, R., & 
Molin, E. (2009). The impact of including images in 
a conjoint measurement task: evidence from two small-
scale studies, Journal of Housing and the Built Environment, 
24(3),271–297.

Jing, P., Xu, G., Chen, Y., Shi, Y., & Zhan, F. (2020). The deter
minants behind the acceptance of autonomous vehicles: A 
systematic review, Sustainability, 12(5), 1719.

Jörling, M., Böhm, R., & Paluch, S. (2019). Service robots: 
Drivers of perceived responsibility for service outcomes, 
Journal of Service Research, 22(4), 404-420.

Kaye, S. A., Lewis, I., Buckley, L., Gauld, C., & Rakotoni
rainy, A. (2020). To share or not to share: A theoretically 
guided investigation of factors predicting intentions to use 
fully automated shared passenger shuttles, Transportation 
research part F: traffic psychology and behaviour, 75, 203-213.

Keller, P. A., & Block, L. G. (1997). Vividness effects: 
A resource-matching perspective, Journal of Consumer 
Research, 24(3), 295-304.

Koul, S., & Eydgahi, A. (2018). Utilising technology accep
tance model (TAM) for driverless car technology adoption, 
Journal of technology management & innovation, 13(4), 37-46.

Letheren, K., Jetten, J., Roberts, J., & Donovan, J. (2021). 
Robots should be seen and not heard… sometimes: Anthro
pomorphism and AI service robot interactions, Psychology 
& Marketing, 38(12), 2393-2406.

Liu, P., Yang, R., & Xu, Z. (2019). Public acceptance of fully 
automated driving: Effects of social trust and risk/benefit 
perceptions, Risk Analysis, 39(2), 326-341.

Louviere, J. J., Hensher, D. A., & Swait, J. D. (2000). Stated 
choice methods: analysis and applications. Cambridge Uni
versity Press.

MacInnis, D.J. and Price, L.L. (1987). The role of imagery in 
information processing: review and extensions, Journal of 
Consumer Research, 13, 473–91.

Mara, M., Stein, J. P., Latoschik, M. E., Lugrin, B., Schreiner, 
C., Hostettler, R., & Appel, M. (2021). User responses to a 
humanoid robot observed in real life, virtual reality, 3D and 
2D, Frontiers in Psychology, 12, 1152.

Matthews, Y., Scarpa, R., & Marsh, D. (2017). Using vir
tual environments to improve the realism of choice exper
iments: A case study about coastal erosion management, 
Journal of Environmental Economics and Management, 81, 
193-208.

Mende, M., Scott, M. L., van Doorn, J., Grewal, D., & Shanks, 
I. (2019). Service robots rising: How humanoid robots influ
ence service experiences and elicit compensatory consumer 
responses, Journal of Marketing Research, 56(4), 535-556.

Miller, D. W., Hadjimarcou, J., & Miciak, A. (2000). A scale for 
measuring advertisement-evoked mental imagery, Journal 
of Marketing Communications, 6(1), 1-20.

Moták, L., Neuville, E., Chambres, P., Marmoiton, F., 
Monéger, F., Coutarel, F., & Izaute, M. (2017). Antecedent 
variables of intentions to use an autonomous shuttle: Mov
ing beyond TAM and TPB?, European Review of Applied Psy
chology, 67(5), 269-278.

Nastjuk, I., Herrenkind, B., Marrone, M., Brendel, A. B., 
& Kolbe, L. M. (2020). What drives the acceptance of 
autonomous driving? An investigation of acceptance fac
tors from an end-user's perspective, Technological Forecast
ing and Social Change, 161, 120319.

Orzechowski, M. A., Arentze, T. A., Borgers, A. W. J., & Tim
mermans, H. J. P. (2005). Alternate methods of conjoint ana
lysis for estimating housing preference functions: Effects of 
presentation style, Journal of Housing and the Built Environ
ment, 20(4), 349-362.

Pallavicini, F., Pepe, A., & Minissi, M. E. (2019). Gaming 
in virtual reality: What changes in terms of usability, 
emotional response and sense of presence compared to 
non-immersive video games?, Simulation & Gaming, 50(2), 
136-159.

Pan, X., & Hamilton, A. F. D. C. (2018). Why and how to 
use virtual reality to study human social interaction: The 
challenges of exploring a new research landscape, British 
Journal of Psychology, 109(3), 395-417.

Pariota, L., Bifulco, G. N., Markkula, G., & Romano, R. 
(2017). Validation of driving behaviour as a step towards 
the investigation of Connected and Automated Vehicles by 
means of driving simulators, 5th IEEE International Confer

Janotta, Making emergent technologies more tangible

18 SMR · Journal of Service Management Research · Volume 7 · 1/2023

https://doi.org/10.5771/2511-8676-2023-1-7
Generiert durch Universitätsbibliothek Eichstätt-Ingolstadt, am 14.04.2023, 10:02:15.

Das Erstellen und Weitergeben von Kopien dieses PDFs ist nicht zulässig.

https://doi.org/10.5771/2511-8676-2023-1-7


ence on Models and Technologies for Intelligent Transportation 
Systems, 274-279.

Patterson, Z., Darbani, J. M., Rezaei, A., Zacharias, J., 
& Yazdizadeh, A. (2017). Comparing text-only and vir
tual reality discrete choice experiments of neighbourhood 
choice, Landscape and Urban Planning, 157, 63-74.

Peukert, C., Pfeiffer, J., Meißner, M., Pfeiffer, T., & Weinhardt, 
C. (2019). Shopping in virtual reality stores: the influence 
of immersion on system adoption, Journal of Management 
Information Systems, 36(3), 755-788.

Pozharliev, R., Rossi, D., & De Angelis, M. (2021). Anxious 
attachment style and consumer physiological emotional 
responses to human–robot service interactions, Journal of 
Neuroscience, Psychology, and Economics, 14(2), 59.

Quarles, N., Kockelman, K. M., & Lee, J. (2021). America’s 
fleet evolution in an automated future, Research in Trans
portation Economics, 90, 101107.

Rahman, M. M., Lesch, M. F., Horrey, W. J., & Strawderman, 
L. (2017). Assessing the utility of TAM, TPB, and UTAUT 
for advanced driver assistance systems, Accident Analysis & 
Prevention, 108, 361-373.

Rice, S., Winter, S. R., Mehta, R., & Ragbir, N. K. (2019). What 
factors predict the type of person who is willing to fly in an 
autonomous commercial airplane?, Journal of Air Transport 
Management, 75, 131-138.

Riegler, A., Riener, A., & Holzmann, C. (2021). A systematic 
review of virtual reality applications for automated driv
ing: 2009–2020, Frontiers in Human Dynamics, 48.

Roggeveen,A. L., Grewal, D., Townsend, C., & Krishnan, R. 
(2015). The impact of dynamic presentation format on con
sumer preferences for hedonic products and services, Jour
nal of Marketing, 79, 34–49.

SAE International. J3016: Taxonomy and Definitions for 
Terms Related to Driving Automation Systems for On-
Road Motor Vehicles; Technical Report; SAE International: 
Warrendale, PA, USA, 2018.

Sanbonmatsu, D. M., Strayer, D. L., Yu, Z., Biondi, F., & 
Cooper, J. M. (2018). Cognitive underpinnings of beliefs 
and confidence in beliefs about fully automated vehicles, 
Transportation research part F: traffic psychology and behaviour, 
55, 114-122.

Schlosser, A. E. (2006). Learning through virtual product 
experience: The role of imagery on true versus false memo
ries, Journal of Consumer Research, 33(3), 377-383.

Schrepp, M., Hinderks, A., & Thomaschewski, J. (2017). 
Design and evaluation of a short version of the user experi
ence questionnaire (UEQ-S), International Journal of Interac
tive Multimedia and Artificial Intelligence, 4 (6), 103-108.

Song, C. S., & Kim, Y. K. (2021). Predictors of consumers’ will
ingness to share personal information with fashion sales 
robots, Journal of Retailing and Consumer Services, 63, 102727.

Slater, M.; Wilbur, S. (1997). A framework for immersive 
virtual environments (FIVE): speculations on the role of 
presence in virtual environments. Presence Teleoperators 
Virtual Environments. 6, 603–616.

van Doorn, J., Mende, M., Noble, S. M., Hulland, J., Ostrom, 
A. L., Grewal, D., & Petersen, J. A. (2017). Domo Arigato 
Mr. Roboto?: Emergence of Automated Social Presence in 
Organizational Frontlines and Customers ’ Service Experi
ences, Journal of Service Research, 20(1), 43–58.

Vazquez, E. E. (2019). Effects of enduring involvement and 
perceived content vividness on digital engagement, Journal 
of Research in Interactive Marketing, 14(1), 1-16.

Venverloo, T., Duarte, F., Benson, T., Bitran, Q., Beldad, A. 
D., Alvarez, R., & Ratti, C. (2020). Evaluating the Human 
Experience of Autonomous Boats with Immersive Virtual 
Reality, Journal of Urban Technology, 1-14.

Vriens, M., Loosschilder, G. H., Rosbergen, E., & Wittink, D. 
R. (1998). Verbal versus realistic pictorial representations in 
conjoint analysis with design attributes, Journal of Product 
Innovation Management, 15(5), 455–467.

Wienrich, C., Döllinger, N., Kock, S., Schindler, K., & Traupe, 
O. (2018). Assessing user experience in virtual reality–a 
comparison of different measurements, International Confer
ence of Design, User Experience, and Usability 2018, 573-589.

Winter, S. R., Rice, S., & Lamb, T. L. (2020). A prediction 
model of Consumer's willingness to fly in autonomous air 
taxis, Journal of Air Transport Management, 89, 101926.

Wintersberger, P., Janotta, F., Peintner, J., Löcken, A., & 
Riener, A. (2021). Evaluating feedback requirements for 
trust calibration in automated vehicles, it-Information Tech
nology, 63(2), 111-122.

Yeo, D., Kim, G., & Kim, S. (2020, April). Toward immersive 
self-driving simulations: Reports from a user study across 
six platforms, Proceedings of the 2020 CHI Conference on 
Human Factors in Computing Systems, 1-12.

Janotta, Making emergent technologies more tangible

SMR · Journal of Service Management Research · Volume 7 · 1/2023 19

https://doi.org/10.5771/2511-8676-2023-1-7
Generiert durch Universitätsbibliothek Eichstätt-Ingolstadt, am 14.04.2023, 10:02:15.

Das Erstellen und Weitergeben von Kopien dieses PDFs ist nicht zulässig.

https://doi.org/10.5771/2511-8676-2023-1-7


Appendix A
Table A.1: Presentation forms

Presentation forms used 

Text scenario

Imagine you are taking a ride in a fully automated vehicle. 
Please put yourself in the following situation: You are sitting 
in the driver's seat of the vehicle, but your hands are not on 
the steering wheel.

The vehicle drives through an urban environment at approx. 
50km/h without your intervention. Other vehicles are 
approaching and passing by on the opposite lane. The vehicle 
crosses a green traffic light. Along the road, you see a park 
and residential houses as you pass. The road widens and 
splits into two lanes. The vehicle recognizes this and merges 
into the right lane. You are now approaching an intersection 
where the traffic light is just changing to red. The vehicle 
brakes and stops. Pedestrians and cars in the crossing lane 
pass through the intersection.

After the traffic light turns green, the vehicle drives off 
autonomously and turns right at the intersection. The road 
you are now on leads out of the city. The vehicle passes 
another green traffic light, then turns into a roundabout 
and takes the first exit. You are now on a rural road with 
tree lined up along the road. The vehicle accelerates to 
around 70km/h.

Presentation forms used 

After a few minutes of driving, you enter a smaller town 
and the vehicle automatically slows down to about 50km/h. 
On the sidewalks along the road, pedestrians are walking 
by. At the next intersection, the car slows down and finally 
turns right. The road now narrows and the vehicle is only 
driving at 30km/h. During the entire journey, the vehicle 
drives autonomously and you do not need to intervene in the 
driving action.

VR simulation scenario (screenshot)

Real-world video scenario (screenshot)

Appendix B
Table B.1: System specifications

Graphics NVIDIA GeForce RTX 2080 Ti

Video Memory 11GB GDDR6

System memory 
(RAM)

64 GB

Processor model Intel Core i9-9900K

CPU 3.6 GHz, 8 cores
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The virtual environment was developed by a professional 
service provider specialized in 3D modeling and simula
tion design using Unreal Engine Version 4.25. Scenario 
shown using HTC Vive Pro headgear.

Appendix C
Table C.1: Constructs and Measurement Items

Authors (Year) Constructs and Measurement Items

Adapted from 
Miller et al. 
(2000)

Perceived Vividness of Imagery

How would you rate the mental image of 
automated driving you got based on the 
simulation/video/text?

n lifeless / lifelike
n unclear / clear
n indistinct / distinct
n dull / sharp
n weak / intense
n fuzzy / well-defined
n vague / vivid

Adapted from 
Schrepp et al. 
(2017)

User Experience

How do you evaluate your experience 
with the visualisation of automated driv
ing provided by the simulation/video/
text?

Authors (Year) Constructs and Measurement Items

n unrealistic / realistic
n complicated / easy
n confusing / concise
n boring / exciting
n not interesting / interesting
n obstructive / supportive
n bad / good
n unpleasant / pleasant

Self-developed Visualisation Capability

VC1: The visualisation has helped me to 
better imagine automated vehicles.

VC2: The visualisation has given me a 
clearer idea of what automated driving 
could be like

VC3: The visualisation helped me to better 
imagine myself in the situation of driving 
in an automated vehicle.

VC4: The visualisation gave me a realistic 
picture of automated driving.

VC5: I find the presentation form well-
suited for visualising automated driving.

Self-developed Control questions

The driving situation shown seemed risky 
to me.

The driving situation shown seemed safe 
to me.

Appendix D
Table D.1: Previous comparative studies

Reference Topic
Research 
type

Presentation forms 
compared

Study 
design Sample

Method of analy
sis Relevant findings

Arentze et al. 
(2003)

Choice of trans
port mode for 
work trips

Stated 
choice 
experiment

Text and pictures
Text only

Between 
subjects n=346

Multinomial logit 
model

Pictorial material added to a verbal description of 
attributes does not have an impact on error variance 
or attribute weights.

Bateman et al. 
(2009)

Evaluation of 
options for coastal 
land use

Choice 
experiment

Numeric informa
tion only
VR
VR & Numeric infor
mation

Between 
subjects n=288

Random effects 
probit model

Respondents consider changes in coastal land use 
more significant when the information is conveyed 
to them in numeric form alone than when they are 
additionally or solely presented with VR.
Compared to the standard presentation of numeric 
information, providing VR presentations of changes 
significantly reduces respondents’ valuation of 
losses. 
VR presentation led to a reduction in error variance.

Farooq et al. 
(2018)

Preferences 
related to auto
mated vehicles 
and related infras
tructure changes

Stated pref
erence 
experiment

VR
Text only
Images

Within 
subjects n=42

Multinomial logit 
model

VR presentation increases preferences for 
autonomous vehicle scenarios compared to text-
only and image condition.
The VR scenario improved understanding, and 
increased consistency of preferences.

Fiore et al. 
(2009)

Evaluation of wild 
fire management 
policies

Choice 
experiment

VR
2D images (2 pic
tures)
2D images (52 pic
tures)

Between 
subjects n=45

Latent choice 
model

VR treatment generated subjective beliefs that are 
closer to actual risks compared to the picture treat
ments.

Hoggen
mueller et al. 
(2021)

Evaluation of 
external human-
machine interface 
in the context of 
automated vehi
cles User study

Real-world VR
Computer-generated 
VR
Real-world video

Between 
subjects n=42

Analysis of vari
ance (ANOVA)

Engagement ratings are high for RW-VR and CG-
VR, and slightly above middle rating for RW-Video. 
Ecological validity is highest for RW-VR, with high 
values for CG-VR and RW-Video. 
No significant differences between the different pro
totype representations in UX ratings of the eHMI.
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Reference Topic
Research 
type

Presentation forms 
compared

Study 
design Sample

Method of analy
sis Relevant findings

Jansen et al. 
(2009)

Housing prefer
ences

Conjoint 
analysis

Study 1:
Text only
Text and color 
images
Text and black-and-
white impression
Study 2:
Text and photo-col
lages 
Text and photo-col
lages on request

Study 1: 
Within 
subjects

Study 2: 
Between 
subjects

Study 
1: n=28
Study 
2: 
n=107

Part-worth utility 
models 
Multinomial/ 
Binominal logit 
model

Impact of architectural style on choice is larger 
when images are included in the presentation 
method.
Presentation modes affected the perceived impor
tance of the attributes: attributes shown on images 
were deemed to be more important.

Mara et al. 
(2021)

Evaluation of 
humanoid robots User study

2D video 
3D video 
VR
Live demonstration

Between 
subjects n=119

Analysis of vari
ance (ANOVA)

Live HRI increased immediacy compared to video 
conditions. No significant differences between the 
live HRI and the VR condition, and between the 2D 
and 3D video.
Live HRI condition led to highest perceived human 
likeness. No significant differences between live 
HRI and 3D video or 2D video as well as between 
VR and 3D or 2D. 
No significant influence of presentation mode on 
perceived eeriness, likability, or purchase intentions.

Matthews et 
al. (2017)

Evaluation of 
coastal erosion 
management pol
icies

Choice 
experiment

Computer-generated 
video 
Text with pictures

Between 
subjects n=1062

Mixed-logit 
choice model

T-tests

Mann-Whitney-U 
test

Video treatment reduced choice error when com
pared with static images.
Video group indicated higher enjoyment.
Video treatment improved likeliness to complete 
the first survey and increased retention of respon
dents in retests.

Orzechowski 
et al. (2005)

Housing prefer
ences

Conjoint 
analysis

VR
Text only

Between 
subjects n=64

Multinomial logit 
model
Modified Chow 
test

No significant difference in terms of internal and 
external validity. Presentation mode did not signifi
cantly influence housing preferences. 
The VR condition had a lower associated error vari
ance. 
Evidence of better face validity of the price attribute 
for the verbal description format.

Patterson et al. 
(2017)

Neighborhood 
choice

Choice 
experiment

VR
Text only

Between 
subjects n=368

Multinomial logit 
models and 
mixed-logit mod
els

Presentation mode did not lead to differences in 
perceived importance of attributes. 
Participants were more focused in the VR condition.

Rizzi et al. 
(2012)

Estimated value 
of travel time sav
ings in varying 
traffic conditions

Stated-pref
erence 
choice 
experiment

Computer-generated 
images
Text only

Between 
subjects n=481

Mixed-logit 
choice model

Images significantly influenced perceived differ
ences between travel times: in surveys with images, 
VTTS for congested travel times were significantly 
higher than for free-flow travel times. In surveys 
without images, VTTS were the same in both travel 
conditions.

Vriens et al. 
(1998)

Car radio prefer
ences

Conjoint 
analysis

Text and pictures
Text only

Within 
subjects n=160

Part-worth mod
els
Analysis of vari
ance (ANOVA)

Results indicate that design attributes have higher 
relative importance in the pictorial mode compared 
to text only condition.

Preliminary evidence that the verbal representation 
produces higher predictive accuracy compared to 
pictorial mode.
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