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ABSTRACT
In the evolution of technical systems, freedom from error
and early adoption plays a major role for market success
and to maintain competitiveness. In the case of automated
driving, we see that faulty systems are put into operation
and users trust these systems, often without any restrictions.
Trust and use are often associated with users’ experience of
the driver-vehicle interfaces and interior design. In this work,
we present the results of our investigations on factors that
influence the perception of automated driving. In a simulator
study, N=48 participants had to drive a SAE level 2 vehicle
with either perfect or faulty driving function. As a secondary
activity, participants had to solve tasks on an infotainment
system with varying aesthetics and usability (2x2). Results
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reveal that the interaction of conditions significantly influ-
ences trust and UX of the vehicle system. Our conclusion
is that all aspects of vehicle design cumulate to system and
trust perception.
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1 INTRODUCTION
The development of technology has focused on supporting
individual mobility and satisfying human desire for auton-
omy, which is one of the most important psychological needs
[65]. Each new invention – from the wheel over horse car-
riages, steam driven railways, up to the automobile – fun-
damentally changed our daily life and the societies we live
in. Automated vehicles (AVs) are a major next step in this
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evolution. AVs promise several benefits, such as less conges-
tion and pollution, higher safety, as well as more leisure time
and enhanced mobility for diverse target groups (children,
elderly, impaired) [51]. However, all these advantages can-
not be delivered instantly. Fully automated “level 5” vehicles
[12] that can operate in all circumstances are not expected
on the market before 2030 or 2040 [50]. In the meantime,
automated driving systems (ADSs) with lower levels of au-
tomation are being gradually introduced. During this era of
mixed traffic (co-existence of vehicles at different levels of
automation), drivers must be able to cope with automation
limitations and act either as monitoring (level 2) or fallback
(level 3) authority [13]. Monitoring over extended periods
of time is a challenge, even for “highly motivated human
beings” (c.f., irony of automation [1]). This is particularly rel-
evant as drivers, who are not necessarily well trained domain
experts, are expected to operate a safety critical system in
potentially dangerous environments [76]. Recent incidents
with AVs (such as the fatal accidents with Tesla Autopilot or
the Uber self-driving taxi [73]) confirm that AV technology
is highly susceptible to overreliance/overtrust [19]. Since
this problem is already well known from research on dri-
ver assistance systems such as adaptive cruise control [16],
trust calibration for AVs is an issue receiving a great deal of
attention [31, 40, 58, 77]. Ideally, users’ trust levels should ap-
propriately “match an objective measure of trustworthiness”,
e.g., system performance (reliability/ability/predictability to
achieve its goals) [45, 57]. However, reality is much more
complex: trust in automation has many dimensions and is in-
fluenced by a variety of aspects, including aesthetics, design,
and other factors of user experience (UX) [32]. Conversely,
also UX is impacted by users’ trust in a system. For vehicle
manufacturers, this results in a nearly unsolvable paradox.
On the one hand, they should design their systems in a way
that can prevent overtrust/overreliance. On the other hand,
they must maximize UX qualities of their vehicles to main-
tain competitiveness.

In the context of AVs, how the partly overlapping constructs
of UX and trust actually influence each other is widely un-
known. Vehicles consist of many subsystems and design
aspects that may all contribute to users’ overall assessment
of both constructs and, further on, may cause so called “halo
effects” [28, 49, 55, 67, 69, 71]. Hence, this paper aims at re-
vealing how both UX and trust influence each other, and
how proper design could simultaneously support UX quali-
ties while preventingmiscalibrated trust. To evaluate this, we
conducted a driving simulator study, that, to the best of our
knowledge, combines for the first time relevant parameters
of both UX (usability, aesthetics) and trust (system perfor-
mance/reliability) in a single experiment. In our study, users
had to complete several tasks in an in-vehicle infotainment

Figure 1: Study setup showing the driving scenario and an
example of the IVIS used to investigate the interaction be-
tween UX and trust.

system (IVIS) while safely operating an AV in SAE level 2. We
utilized a mixed-model design that varies the reliability of
an ADS as a between-subjects factor. For the within-subjects
factors, we varied pragmatic (representing usability) and
hedonic (representing aesthetics) qualities of the IVIS. For
a holistic evaluation of UX, trust, affect, and psychological
need fulfillment, we applied a triangulation of subjective
(AttrakDiff mini [29], PANAS short [74], Trust Scale [34],
Need Scale [64], semi-structured interviews) and objective
(galvanic skin response, braking behavior) measures. For all
subjective measures, we emphasized participants to assess
the AV as a whole and not distinguish between subsystems.
The results of our study give insights in how the stream of
experiences combining performance, usability, and aesthet-
ics of different vehicle subsystems correlate and influence
each other.

2 UX AND TRUST: THEORY AND PRACTICE
In the HCI community, UX and trust research are two areas
which are often considered in isolation. However, similarities
between both constructs cannot be denied and, thus, we
propose to consider them in a holistic way.

Similarities
Trust in automation can be defined as “attitude that an agent
will achieve an individual’s goals in a situation characterized
by uncertainty and vulnerability”, and is built upon analytic,
analogical, and affective processes [45]. Trust is sensitive to
individual traits (such as age, personality, etc.) and states
(self-confidence, emotional state, etc.), properties of the au-
tomation (complexity, task difficulty, etc.), as well as design
features (appearance, ease of use, communication style, etc.)
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[32], and is the result of processes happening before (“dispo-
sitional trust” ), during (“situational trust”), and after (“learned
trust”) system interaction [32]. In contrast, UX can (accord-
ing to ISO 9241/210) be defined as a “person’s perceptions and
responses resulting from the use and/or anticipated use of a
product, system or service”. Thereby, experience can “occur
before, during and after use”, and “[...] is a consequence of
brand image, presentation, functionality, system performance,
interactive behaviour and assistive capabilities of the inter-
active system, the user’s internal and physical state resulting
from prior experiences, attitudes, skills and personality, and
the context of use”.
Although trust and UX have separate definitions, they seem
to be influenced by similar factors and processes. Hence,
it is not surprising that trust is a mentioned (however, not
yet focused) construct in UX theory literature. The term
trust is regarded as a component of UX [44], users’ personal
quality of experience [79] or as (context-dependent [35]) per-
ceived value [66]. Desmet et al. [15] mention trust within
their general set of 25 emotions relevant in human-product
interaction. Although trust is not an emotion itself, a product
can help users to feel confident and courageous if it is per-
ceived as trustworthy. Thus, designers need to decide which
psychological needs they want to fulfill. Distler et al. [17]
revealed the need of security as one of the most important
needs for AVs (in the driving domain, the term “need for
safety” would presumably fit better than “security”, but for
reasons of consistency we stick to the original formulation
provided by [64] throughout the paper). In order to fulfill
this need, a specific form of interaction has to be selected
which aims at expressing trustworthiness and thereby trig-
gers trust [26, 37, 41, 46]. In this sense, trust can be regarded
as subjective sentiment and evaluative feeling dependent on
the fulfillment of users’ higher goals, such as the psychologi-
cal need of security [23, 27]. To provide examples, Väätäjä
et al. [70] include trust as item in the AttrakWork question-
naire to measure a products’ hedonic quality and Roedel et
al. [62] chose trust as relevant UX factor when evaluating
user acceptance and experience of ADSs at different levels of
automation. Hence, a question that could arise in this regard,
especially considering that both constructs are discussed as
very broad, fuzzy and hard to understand [32, 43, 60, 78], is,
whether or not trust and UX can be considered the same in
a specific context?

Differences
The main difference becomes visible when looking at the
goals both constructs aim to achieve. UX research tries to
maximize the quality of interaction by satisfying psycho-
logical needs and thereby providing pragmatic and hedonic
quality [23, 25]. For designers, there is no upper limit – the
more these qualities are supported, the better. Thus, previous

research focused on the impact of visual aesthetics, usability,
and branding on users’ perceived trustworthiness, predom-
inantly in the area of e-commerce systems [18, 37, 47] and
websites [49]. These studies aimed to increase users’ per-
ceived trustworthiness and, consequently, enhance UX. In
trust research however, maximizing trust is not the major
goal. Here, the challenge is to precisely adjust users’ subjec-
tive trust levels to a systems’ actual performance (“calibration
of trust” [57]) while taking the operational and environmen-
tal context into account [45]. Thus, although trust may need
to be raised in many situations, an upper limit should not be
exceeded to prevent users from overreliance. In the domain
of automated driving, recent studies addressing trust can
broadly be divided into two areas. Those dealing with dis-
trust to reduce automation disuse, and those that address the
problem of overtrust/overreliance to prevent misuse [57]. For
both issues, various resolution strategies have been proposed.
Trust may be raised by increasing system transparency, us-
ing various techniques such as why-and-how information
[38], symbolic representation [31], augmented reality [77]
or anthropomorphic agents [39, 75]. An often proposed so-
lution to deal with overtrust is the provision of uncertainty
displays in different forms and modalities [3, 40, 58]. In this
context, a problem that we see in many trust studies is that a
distinction between the two constructs (trust and UX) is not
made. For example, was the aim of an experiment actually to
address trust/reliance or were mainly UX aspects evaluated
which potentially overlap with trust?

Research Opportunities
Lindgaard et al. [49] claim that so called “halo effects” are a
reason for the interrelation of usability, aesthetics, and trust
in websites. These effects emerge from the paradox of “what
is beautiful is usable” [67] or “I like it, it must be good on all
attributes” [71], already mentioned by [24, 28, 59]. The in-
terference model [28, 71] proved the existence of evaluative
consistency (i.e., “halo effects”), which assumes that users
interfere unavailable attributes from a general value to keep
their overall judgment consistent. Hence, there is an indirect
link between beauty which leads to goodness and, with it,
pragmatic quality. In contrast, a probabilistic consistency is
a conceptually or causally linked judgment (high aesthetics
expects a high perceived hedonic quality). According to this,
Tuch et al. [69] identified negative affects, such as frustration
from poor usability, as a mediator variable that potentially
decreases perceived aesthetics. Further, Minge et al. [55] dif-
ferentiate between pragmatic “halo effects”, where usability
impacts perceived visual attractiveness, and hedonic “halo
effects”, where visual aesthetics influences perceived usabil-
ity. Consequently, we wonder if trust in automation can be
investigated in the absence of UX to draw useful conclusions.
A central question that arises is, how the two constructs
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are correlated in the context of AVs? Similiar to [49], we ex-
pect halo effects of aesthetics and usability as biasing factors
for trust, what could become highly relevant for the future
implementation of automated driving technology.

3 USER STUDY
We conducted a driving simulator study to investigate the
interaction (potential correlation and “halo effects” of UX and
trust) between an ADS’s performance/reliability and relevant
UX factors (usability/aesthetics) of in-vehicle interfaces, as
well as their effect on the perception of AVs in general; aiming
to answer the following research questions:
RQ1: How does IVIS design (usability and aesthetics) affect
UX of AVs with varying system performance?
RQ2: How does IVIS design (usability and aesthetics) affect
users’ trust in AVs with varying system performance?
RQ3: Is there a correlation between UX and trust in AVs?

Experimental Design
We applied a full factorial mixed-model design varying the
performance of the ADS as between-subjects factor, and aes-
thetics and usability of the IVIS as within-subjects factor
(each on two levels). Each participant had to perform various
tasks on four different IVISs that represented all combina-
tions of usability (good/bad) and aesthetics (nice/ugly).

Study Setup
The experiment was conducted in a high-fidelity driving
simulator (remodeled VW Golf on hexapod platform) and
an IVIS on a tablet PC installed on top of the center console
(see Figure 1).

Driving Scenario. We simulated an AV at SAE level 2 (i.e.,
combination of longitudinal and lateral control) driving on a
2-lane highway using IPG CarMaker, inspired by the setting
used in [3]. The AV drove with a constant speed of 120km/h
on the left lane and was confronted with 12 lead vehicles
driving at lower speed (70km/h). In such a situation, the ADS
detected the lead vehicle and reduced the speed to prevent a
crash (similar to an ACC system). As soon as the ego vehicle
slowed down to 70km/h, the lead vehicle performed a lane
change to the right, allowing the ego vehicle to accelerate
again to the target speed. In the high-performance condition
(group A), all 12 lead vehicles were successfully detected
(thus, no manual interventions were necessary). In the low-
performance condition (group B), the ADS (randomly) failed
to detect the lead vehicle in 3 out of the 12 cases (75% relia-
bility), generating the need for interventions – participants
thus had to brake manually to prevent a crash (however, they
never had to manually engage in lateral control).

In-Vehicle Infotainment System. We implemented four vari-
ants of IVISs in HTML/Javascript on a 10.2” tablet (Google

Pixel C). The IVISs consisted of a main navigation and three
typically available subsystems (a phone/call screen including
a list of contacts, a media player including a collection of al-
bums/songs as well as different radio stations, and a climate
control), see Figure 3.

Figure 3: A/C menu of the nice (left) and ugly (right) IVIS.

The visual design was selected from a set of examples
created by groups of undergraduate students during a design
class. Students were provided a specific menu/navigation
structure and instructed to create an IVIS skin. All designs
were evaluated using the UEQ [42] on a 7-point semantic dif-
ferential scale from -3 (negative) to +3 (positive) with at least
5 participants. We utilized the results of the subscale “At-
tractiveness (Att-UEQ)” and selected the IVISs with the best
and worst values. While the nice design has a mean value
of ATT-UEQ=1.92 (excellent with respect to the UEQ bench-
mark dataset [63]), the ugly design shows mean value of only
ATT-UEQ=0.45 (bad compared to the benchmark). This pro-
cess aimed as guidance to confirm our subjective selection
of a nice and ugly IVIS, however, was no controlled experi-
ment. To provide a potentially “bad” usability, we followed
the definition provided in ISO 9241-11 that states usability
to be the “extent to which a product can be used by specified
users to achieve specified goals with effectiveness, efficiency
and satisfaction in a specified context of use” [33]. Thus, we
chose to manipulate the IVISs reliability by semi-randomly
calculating the chance for a successful button-press action,
where at least two and at most 8 clicks were required for a
successful action.

Participants and Procedure
In total, 48 participants (16 female, 32 male) aged between
19 and 26 (Maдe= 22.09, SDaдe = 1.89) years, all undergrad-
uate students, voluntarily participated in the experiment.
Each participant was assigned to either group A (high ADS
performance) or group B (low ADS performance), potential
differences between the groups considering gender and age
were counterbalanced. No participant had to be excluded
due to simulator sickness or technical problems. After com-
pleting a short questionnaire assessing demographics, each
subject conducted a 3-minute test drive to become famil-
iar with the AV. Then, we instructed participants that they
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Figure 2: Study procedure: The top row represents the drives with low, the bottom row drives with high ADS performance. The
red color indicates decreased qualities (finger: usability, tablet: aesthetics, driving simulator: performance).

will experience four different types of AVs with different
IVISs. We further told them that manual braking interven-
tions could be necessary due to automation failures, and that
safely completing the drive has the highest priority. After-
wards, participants experienced four consecutive 5-minute
lasting trips while experiencing the 4 different IVISs (in ran-
domized order). Within each condition, participants had to
complete seven tasks on the IVISs with two levels of complex-
ity. Easy tasks consisted of a single instruction only (such
as “call John”), while complex tasks required participants to
remember multiple steps (such as “switch to Radio Disney
Channel and adjust the volume to 8”). The task instructions
were presented auditory (pre-recorded sound files). Success-
ful completion of a task was indicated with a notification
sound and the next task was issued 35 seconds afterwards.
In case all seven tasks were completed before finishing the 5-
minute lasting drive, the experimental condition was stopped
earlier. The selection of tasks from the set was randomized
over the conditions, and quasi-randomized within the sce-
narios (each task was only presented once during the entire
experiment). After each condition, participants had to com-
plete a survey including a set of different standardized scales
to assess trust and UX in the AV (see Figure 2), whereby
we repeatedly instructed them to assess the AV as a whole,
single system based on their experiences. Additionally, a
short semi-structured interview with all participants was
conducted after the experiment to reveal further insights
into their thoughts and attitudes. The whole experiment
lasted approx. 90 minutes for each participant.

Data Collection
To be able to evaluate the proposed research questions, we
triangulate a set of subjective and objective measures derived
from established theory as emphasized in the following.

Subjective Measures. To assess UX and trust, we utilized mul-
tiple subjective scales. We used the AttrakDiff mini [29] with

a 7-point semantic differential scale ranging from 0 (low)
to 6 (high). Thereby, the subscale attractiveness (ATT), con-
sisting of two items for beauty and goodness, assesses the
overall perception combining both pragmatic (PQ) and hedo-
nic quality (HQ). Since for all subscales Cronbachs’α resulted
in acceptable values (> .60, see Table 1), we calculated mean
scale values. All UX qualities are intercorrelated (Pearson’s
correlation coefficient), ranging from r=.412 to r=.880 across
all conditions. HQ and PQ showed least (r<.60), HQ and ATT
highest intercorrelations (r>.60). As UX is also dependent on
the satisfaction of psychological needs [27, 30], we further
utilized the need scale (same version as used in [27] with
7-point Likert scale) and focused on the needs most relevant
in the context of AVs: autonomy (AUT), competence (COM),
stimulation (STI), and security (SEC) [21]. Also here, relia-
bility of all subscales was acceptable (α > .70, see Table 1).
Intercorrelation between the subscales across all conditions
ranged from r=.26 to r=.81. Further, system interaction leads
to particular (positive and negative) emotions [14] resulting
from need fulfillment [27, 30]. Thus, we included the short
version of PANAS also with a 7-point Likert scale [53, 74].
PA and NA did not correlate (r <.12) and reliability of all
subscales was acceptable (α > .70, see Table 1).
To evaluate subjective trust we used the trust scale provided
by Jian et al. [34]. This scale consists of two subscales for
trust (T) and distrust (DT) (7-point Likert) and is widely used
to assess trust in automation or robotic systems [36, 58]. Also
here, Cronbachs’ α resulted in acceptable values while T and
DT showed a negative correlation (r > −.80).

Objective Measures. Galvanic Skin Response (GSR) is com-
monly used as an indicator for the sympathetic nervous
system. Changes in skin conductance have been linked to
arousal [10, 11], (cognitive) workload [6, 9], usability [48],
user experience [22], but also trust [56]. Signal peaks, so
called Skin Conductance Responses (SCRs), indicate such
activation while the general signal level is subject to bias
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Dep. Variable Items Cronbach’s α Ref.
UX Qualities

Attractiveness (ATT) 2 (Beauty and Goodness) .65 [29]
Pragmatic Q. (PQ) 4 .77 [29]
Hedonic Q. (HQ) 4 .79 [29]

Needs
Autonomy (AUT) 3 .84 [27, 64]
Competence (COM) 3 .86 [27, 64]
Stimulation (STI) 3 .83 [27, 64]
Security (SEC) 2 .77 [27, 64]

Affect
Positive (PA) 5 .75 [74]
Negative (NA) 5 .85 [74]

Trust
Trust (T) 6 .91 [34]

Distrust (DT) 5 .87 [34]

Table 1: Summary of subjective methods employed.

by individual differences, room temperature, etc. [6]. We
utilized a professional 500 Hz physiological measurement
system from g.tec medical engineering (www.gtec.at) and
attached two skin electrodes to the volar (inner) middle pha-
langes (muscle limbs) of the non-dominant hand’s middle
and ring fingers (see guidelines by [7, 8]). Since GSR is sensi-
tive to motion artifacts, we instructed participants to behave
naturally but also to prevent waving their hand excessively.
We used Ledalab for Matlab [4] to extract all SCRs since the
implemented Continuous Decomposition Analysis (CDA) is
supposed to be more robust at discriminating single SCRs
than traditional peak-detection methods [5]. For the evalua-
tion, we utilized the number of SCRs, which is argued to be
less affected by individual differences and other forms of bias
[6]. To evaluate driving behavior, we recorded participants’
brake pedal actuation and calculated three parameters – the
number of brakes representing the quantity of manual in-
terventions, the average duration of a brake pedal actuation,
and the average brake intensity (on a scale from 0 to 1).

4 RESULTS
In the following we present a detailed analysis of the col-
lected data with respect to our research questions (all re-
sults with p < .05 are reported as statistically significant).
Since tests for normality (Shapiro-Wilk’s, p > .05), marginal
existence of outliers, and homogeneity of error variances
assessed by Levene’s test (p > .05) were passed for all de-
pendent variables (except for driving performance, see Table
1), parametric tests were applied. We performed three-way
mixed ANOVAs with the independent variables ADS perfor-
mance as between-subjects, and IVIS usability and aesthetics
as within-subjects factors. As the collected driving perfor-
mance measures did not follow a normal distribution, non-
parametric tests (Mann-Whitney-U tests for the between-,
and Wilcoxon Signed-Rank tests for the within-subject fac-
tors) were applied. To analyze correlations between the sub-
jective constructs of UX and trust, we conducted Pearson’s
bivariate correlation analyses.

User Experience (RQ1)
To answer RQ1, we analyzed the data of UX (UX Qualities,
Needs and Affect) scales as well as the objective data on
participants’ arousal given by GSR. Concerning multivariate
tests statistics, we utilized Pillai’s Trace.

UXQualities. Multivariate tests evaluating the impact of ADS
performance, IVIS aesthetics and usability on participants’
perception of product quality (measured by AttrakDiff) re-
veals no significant main effect for the between-subject fac-
tor ADS performance (V = .21, F (5, 42) = 2.24, p = .068 ). How-
ever, separate univariate ANOVAs on the outcome vari-
ables show a significant effect for pragmatic quality (PQ,
F (1, 46) = 8.62, p = .005, η2 = .16). Results for high ADS perfor-
mance were perceived as significantly better than for low
performance conditions. Ratings for attractiveness (ATT,
Goodness and Beauty) and hedonic quality (HQ) did not
differ significantly (see Table 2). Additionally, multivariate
tests reveal that the overall perceived system quality sig-
nificantly differs regarding IVIS usability (V = .44, F (5, 42) =

6.47, p < .001 ). Univariate tests confirm a significant effect
for ATT (F (1, 46) = 14.67, p = .001, η2 = .24). Regarding the items
“Goodness” and “Beauty” separately, there is only a signifi-
cant effect on “Goodness” (F (1, 46) = 25.45, p < .001, η2 = .36). Also
PQ (F (1, 46) = 25.36, p < .001, η2 = .36) and HQ (F (1, 46) = 10.60, p =

.002, η2 = .19) differed significantly. Thus, systems with good
IVIS usability were perceived better than those with bad
IVIS usability across all conditions. Further, we can report
a significant main effect for the within-subject factor IVIS
aesthetics (V = .57, F (5, 42) = 11.24, p < .001). Univariate tests re-
veal significant effects for ATT (F (1, 46) = 50.22, p < .001, η2 = .52).
Here, both items, “Goodness” (F (1, 45) = 20.22, p < .001, η2 = .30)
and “Beauty”(F (1, 46) = 58.23, p < .001, η2 = .56), show signifi-
cant effects. Also PQ (F (1, 46) = 28.29, p < .001, η2 = .38) and HQ
(F (1, 46) = 52.44, p < .001, η2 = .53). Thus, across all conditions the
nice IVIS was rated better than the ugly IVIS. Moreover, our
data confirms the inference model [28, 71] – better aesthet-
ics leads to a significantly higher ratings for goodness and
therewith higher ratings for PQ, and not only beauty (evalua-
tive consistency). However, no two or three-way interaction
effects could be revealed.

Needs. For users’ need fulfillment of Autonomy (AUT), Com-
petence (COM), Stimulation (STI), and Security (SEC), we
can report a significant effect for ADS performance regard-
ing the multivariate test statistic (V = .22, F (4, 43) = 8.09, p = .025

). Univariate tests reveal only significant differences in par-
ticipants’ need of SEC (F (1, 46) = 12.88, p = .001, η2 = .22), which
was less fulfilled in the group with the low ADS perfor-
mance. Multivariate tests show a significant main effect
for IVIS usability (V = 0.24, F (4, 43) = 3.33, p = .018 ), univari-
ate tests resulted in a significant decrease of SEC in case
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95% Confidence Interval
Dep. Variable Ind. Variable M SD lower upper

ADS performance
PQ high 4.17 0.18 3.81 4.53

low 3.42 0.18 3.06 3.79
IVIS usability

ATT good 3.36 1.01 3.07 3.65
bad 2.96 1.14 2.62 3.30

↪→ Goodness good 3.74 1.23 3.39 4.09
bad 2.96 1.45 2.54 3.37

PQ good 4.10 0.92 3.86 4.34
bad 3.49 1.14 3.17 3.81

HQ good 2.97 0.83 2.72 3.21
bad 2.68 0.89 2.42 2.94
IVIS aesthetics

ATT nice 3.72 1.06 3.40 4.04
ugly 2.60 1.10 2.24 2.97

↪→ Beauty nice 3.72 1.34 3.39 4.05
ugly 2.24 1.37 3.39 4.09

↪→ Goodness nice 3.72 1.34 3.34 4.10
ugly 2.98 1.38 2.58 3.38

PQ nice 4.05 0.97 3.78 4.32
ugly 3.54 1.04 3.26 3.82

HQ nice 3.38 0.80 3.14 3.61
ugly 2.27 1.10 1.95 2.59

Table 2: Significant UX Quality Values.

of bad IVIS usability (F (1, 46) = 7.43, p = .009, η2 = .14) and COM
(F (1, 46) = 9.54, p = .003, η2 = .17). Further, also for the within-
subject factor IVIS aesthetics, a significant main effect could
be revealed (V = .24, F (4, 43) = 3.38, p = .017 ). Regarding univari-
ate tests we can observe effects for the need of STI (F (1, 46) =
12.12, p = .001, η2 = .21), AUT (F (1, 46) = 5.22, p = .027, η2 = .10), SEC
(F (1, 46) = 6.26, p = .016, η2 = .12) and COM (F (1, 46) = 6.08, p =

.017, η2 = .12). Thereby, all these needs are significantly less
fulfilled when driving in an AV with ugly IVIS (see Table 3
for means). Here, data analysis did not reveal any two- or
three-way interaction effects.

95% Confidence Interval
Dep. Variable Ind. Variable M SD lower upper

ADS performance
SEC high 3.24 1.20 2.79 3.69

low 2.10 0.25 1.65 2.56
IVIS usability

SEC good 2.82 1.34 2.47 3.18
bad 2.52 1.23 2.20 2.84

COM good 3.13 1.37 2.73 3.52
bad 2.79 1.36 2.40 3.18
IVIS aesthetics

AUT nice 2.48 1.34 2.09 2.86
ugly 2.30 1.41 1.89 2.71

STI nice 2.77 1.12 2.45 3.09
ugly 2.40 1.27 2.04 2.76

SEC nice 2.82 1.28 2.48 3.16
ugly 2.53 1.30 2.19 2.87

COM nice 3.07 1.26 2.71 3.44
ugly 2.84 1.43 2.43 3.26

Table 3: Significant Need Values.

Affect. Participants’ positive (PA) and negative affect (NA)
revealed a significant main effect for ADS performance, (V =
.36, F (2, 45) = 11.33, p < .001 ). A look at univariate tests revealed

that NA for the low ADS performance is significantly higher
than for the highADS performance condition(F (1, 46) = 23.14, p <

.001, η2 = .34), while PA was not affected. Regarding the within-
subject factor IVIS usability, we can observe similar results.
Multivariate tests reveal a significantmain effect (V = .16, F (2, 45) =

4.38, p = .018 ), however, also here only NA showed differences
in case IVIS usability is bad (F (1, 46) = 7.26, p = .010, η2 = .14).
Contrarily, IVIS aesthetics, which also has a significant main
effect ( V = .21, F (2, 45) = 6.007, p = .005 ), shows significant dif-
ferences for both PA (F (1, 46) = 4.24, p = .045, η2 = .08) and NA
(F (1, 46) = 8.63, p = .005, η2 = .16). Thereby, PA is slightly (but
still significantly) higher for the nice IVIS aesthetics in con-
trast to the ugly IVIS variants. Again, no two or three-way
interaction effects could be revealed (see Table 4 for means).

95% Confidence Interval
Dep. Variable Ind. Variable M SD lower upper

ADS performance
NA high 1.04 0.16 0.64 1.44

low 2.40 0.23 2.00 2.80
IVIS usability

NA good 1.58 1.26 1.27 1.89
bad 1.86 1.22 1.57 2.15
IVIS aesthetics

PA nice 2.98 0.98 2.69 3.27
ugly 2.80 1.05 2.49 3.11

NA nice 1.57 1.21 1.27 1.86
ugly 1.87 1.27 1.56 2.18

Table 4: Significant Affect Values.

Arousal. Analysis of GSR data revealed a significant main
effect for the within-subject factor IVIS usability (F (1, 38) =
9.85, p = .003, η2 = .21). Bad IVIS usability leads to significantly
more peaks, thus arousal, than good usability. We further
can observe a two-way interaction effect for IVIS usability
and ADS performance(F (1, 38) = 4.98, p = .032, η2 = .12). Descrip-
tive statistic show that if ADS performance is low and IVIS
usability is bad, participants are significantly more aroused
than if ADS performance is high and IVIS usability is good.
However, when ADS performance is low although the IVIS
usability is good, the number of GSR peaks is also increasing.
No further main effects for ADS performance or IVIS aes-
thetics, and also no further two- and three-way interaction
effects could be revealed by our statistical analysis (see Table
5 for descriptive statistics).

95% Confidence Interval
Dep. Variable Ind. Variable M SD lower upper

IVIS usability
Peaks good 203.06 65.66 183.99 222.14

bad 220.45 78.46 196.84 244.07
ADS performance x IVIS usability

Peaks high & good 194.20 67.20 167.22 221.18
high & bad 223.95 81.00 190.55 257.35
low & good 211.93 63.00 184.95 238.90
low & bad 216.95 77.71 183.55 250.35

Table 5: Significant Arousal Values.
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Trust (RQ2)
To answer RQ2, we analyzed the subjective trust ratings as
well as participants’ braking behavior.

Trust Scale. Multivariate data analysis (using Pillai’s Trace)
of users’ trust (T) and distrust (DT) revealed a significant
main effect for ADS performance (V = .29, F (2, 45) = 9.02, p = .001).
Univariate tests on the dependent variables show signif-
icant effects for T (F (1, 46) = 18.07, p < .001, η2 = .28) and DT
(F (1, 46) = 15.09, p < .001, η2 = .25). While T is decreasing in condi-
tions of low ADS performance, DT is increasing. Contrarily,
T is increasing for high ADS performance and DT decreas-
ing. We can report another main effect for IVIS usability
(V = .24, F (2, 45) = 7.12, p = .002). Also here, significant effects
for T (F (1, 46) = 14.54, p < .001, η2 = .24) and DT (F (1, 46) = 9.48, p =

.003, η2 = .17) are visible. Descriptive data shows similar ef-
fects like for the between-subject factor ADS performance.
Further, also IVIS aesthetics shows a significant main ef-
fect (V = .22, F (2, 45) = 6.17, p = .004 ). However, here only DT
could be significantly decreased by a nice IVIS interface,
(F (1, 46) = 12.58, p = .001, η2 = .22); see Table 6).

95% Confidence Interval
Dep. Variable Ind. Variable M SD lower upper

ADS performance
T high 3.91 0.21 3.34 4.36

low 2.55 0.24 2.09 3.00
DT high 2.34 0.20 1.90 2.79

low 3.56 0.24 3.11 4.01
IVIS usability

T good 3.40 1.31 3.08 3.72
bad 3.06 1.35 2.71 3.40

DT good 2.80 1.26 2.48 3.12
bad 3.10 1.31 2.76 3.44
IVIS aesthetics

DT nice 2.81 1.26 2.49 3.13
ugly 3.09 1.28 2.76 3.43

Table 6: Significant Trust Values.

Braking Behavior. Since braking data was not normal dis-
tributed we performed non-parametric tests. Mann-Whitney
U tests with Bonferroni correction (α=.0125) were conducted
to confirm expected differences in braking behavior between
low and high ADS performance. All braking parameters are,
across all IVIS conditions, significantly higher in conditions
with low than with high ADS performance (see Table 7).

To compare the impact of the IVIS on braking behavior,
we calculated separate Friedman tests for low and high ADS
performance with Bonferroni correction (α=.008). The num-
ber of brake actions differs only significantly for the group
of the low ADS performance (χ 2(3) = 11.04, p = .012 ). Post-hoc
analysis revealed significant differences only between good
& nice and bad & nice (p = .022), which led to more brake ac-
tions. Further, also braking duration is significantly different
in conditions with low ADS performance (χ 2(3) = 13.40, p = .004).

ADS performance Test Statistic
IVIS Mdn (high) Mdn (low) Mann-Whitney-U test

Number bad & nice 0 5* U = 510, z = 4.73, p < .001
bad & ugly 0 5 U = 515, z = 4.83, p < .001
good & nice 0 7* U = 530, z = 5.12, p < .001
good & ugly 0 6 U = 499, z = 4.47, p < .001

Duration bad & nice 0 2.65* U = 511, z = 4.72, p < .001
bad & ugly 0 2.47 U = 491, z = 4.30, p < .001
good & nice 0 1.99* U = 438, z = 3.16, p < .002
good & ugly 0 2.42* U = 511, z = 4.70, p < .001

Intensity bad & nice 0 .72 U = 533, z = 5.19, p < .001
bad & ugly 0 .72 U = 536, z = 5.25, p < .001
good & nice 0 .55 U = 515, z = 4.79, p < .001
good & ugly 0 .65 U = 519, z = 5.19, p < .001

Table 7: Braking Behavior. Significances between vari-
ables are indicated by *.

Post-hoc analysis revealed a significant difference only be-
tween good & nice, which shows lowest braking duration
median and bad & nice with the highest braking duration
median (p = .005), and additionally between good & nice and
good & ugly (p = .022). For braking intensity, no significant
effects could be revealed.

User Experience x Trust (RQ3)
To evaluate a potential correlation between the constructs
UX and trust we ran bivariate Pearson correlation anal-
yses of averaged correlation-coefficients after Fisher’s Z-
Transformation (see Table 8). Thereby, we applied Bonferroni
Correction and adjust the significance level to α =.016.

Trust (T) Distrust (DT)
UX Qualities
ATT .5* -.48*
↪→ Beauty .27 -.25
↪→ Goodness .59* -.57*
HQ .37* -.36*
PQ .68* -.66*
Needs
AUT .25 -.16
COM .30* -.18
STI .29 -.25
SEC .75* -.74*
Affect
PA .06 .04
NA -.79* .8*

Table 8: Averaged correlations between measures af-
ter z-transformation. Significances are indicated by *
(Bonferroni-corrected).

Correlations. Participants’ product quality perceptions show
correlations with the constructs trust (T) and distrust (DT, s.
Table 8). Although the overall perceived attractiveness (ATT)
and almost all sub components correlate positive with T and
negative with DT, the sole perception of beauty does not
correlate significantly with T or DT. Regarding correlations
of participants’ psychological needs, we can observe a signifi-
cant positive correlation of the need for security (SEC) and T,
and a negative correlation with DT. The need of competence
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(COM) correlates positive with T. Moreover, only negative
affect (NA) correlates negative with T and positive with DT.
Arousal and the construct trust do not correlate across all
conditions. Also, no correlation could be identified between
arousal and braking behavior.

Semi-structured Interviews. Semi-structured interviews (trans-
lated from German) confirm a correlation between perceived
pragmatic quality and trust. Thereby, also participants in
group with low ADS performance expressed to trust the sys-
tem with good IVIS usability most: “I would trust most in the
ADS with a running infotainment system. If this is running I
can also concentrate on other things around because I know
this works” (P3, low ADS performance). Several participants
mentioned the distraction from monitoring the ADS as rea-
son for decreased comfort and trust in the condition with
bad IVIS usability. For some participants the influence of us-
ability and aesthetics on trust was conscious, e.g., “the whole
vehicle has to look appealing and of high-quality that I agree
to drive automated. The whole concept needs to be harmonious.”
(P13, high ADS performance) Others, in contrast could not
identify why they trusted most in the ADS with the good
and nice IVIS. For example, one participant in the low ADS
performance condition rated the ADS with good and nice
IVIS as most trustworthy, however, reasoned “because the AV
performed best here” (P5, low ADS performance) – actually,
automation performed equally good for a in all conditions
he experienced. Participants experiencing high ADS perfor-
mance expressed that their trust increased gradually from
beginning of the experiment to the end: “At the beginning
I was nervous while solving the tasks and I looked always on
the street. In the end I relied on that the ADS is working” (P1,
high ADS performance). Another participant stated: “The
longer I tested the system, the more I trusted in it. The system
I trusted most was the AV used in the second drive (nice and
good), the interface of the IVIS was the most beautiful. My
overall experience was impacted by it, thus, I also trusted more
in this AV” (P21, high ADS performance).

5 DISCUSSION
In the following we discuss the RQs and derive implications
for AV research and development. Regarding RQ1, all inde-
pendent variables show influence on multiple UX qualities.
Especially the large influence of visual design on UX re-
garding users’ higher goals confirms results from previous
studies investigating the “halo effect” of usability and aes-
thetics [28, 49, 55, 67, 69, 71] in the context of AD. As ADS
performance solely affected pragmatic aspects and thereby
only the negative affect (probabilistic consistency), we can
assume objective system performance to be a hygiene factor
[68] for UX. Experience is only negatively affected if high
system performance cannot be achieved.

Regarding trust (RQ2), ADS performance led to different
results for both trust and distrust, what is also visible for
the within-subject factor usability (probabilistic consistency).
Aesthetics affected only distrust (with respect to our study
sample). Thus, trust cannot be increased by a good design
only, however, distrust can be decreased. This can be re-
garded as evaluative consistency, as there is no direct relation.
The mutual influence of the independent variables on subjec-
tive trust indicates that users hardly differentiate between
(for the driving task) more (ADS performance) and less (IVIS)
important subfunctions (what Lee and See refer to as “low
functional specificity” [45]). Still, we see a clear connection
of perception and actual behavior. When looking at driving
behavior, we can see that when UX aspects were degraded,
participants actuated the brakes longer, thus de-accelerated
to lower speeds and drove more carefully (this statement
can be made as braking intensity did not differ, thus longer
braking actions with similar intensity consequently lead to
lower driving speed).
Correlation analysis further confirmed the familiarity of both
constructs (RQ3). All UX quality dimensions (beside the
perception of beauty), the psychological need for security
and negative affect were correlated with trust/distrust. The
influence of usability/aesthetics on trust was further em-
phasized in semi-structured interviews, even though some
participants were not conscious of the impact. Our results
do also not rely on subjective data only. Obtained GSR data
shows that impairment of ADS performance and usability
led to significantly higher arousal. Considering our results,
we suggest the following recommendations for researchers
and designers of automated driving systems:

Creating Public Awareness about System Complexity. The
mutual influence of all variables reveals a huge problem –
halo effects and low functional specificity considering trust
confirm that it is hard for users to (at least initially) assess
an AV based on objective characteristics. This is a known
issue for interactive products, however, for AVs, the resulting
negative effects might be dramatic. For example, falsely infer-
ring trustworthiness from design aspects due to evaluative
consistency could quickly lead to hazardous situations, and
the safety critical environment simply does not allow longer
system exposure and real-life experiences mediating this
effect later on. Public authorities and/or vehicle manufac-
turers must thus create awareness, for example by adopting
teaching practices in driving schools, public campaigns, etc.

More Sophisticated Study Design and Evaluation. We highly
recommend trust researchers to design studies addressing
trust more carefully, especially regarding evaluation meth-
ods.We recommend including UXmeasurements into studies
that rely on subjective trust scales to better distinguish the
outcomes of the objective properties of trust (performance
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aspects) from design aspects. When evaluating HMI for trust
calibration, we recommend using a minimalist design to re-
duce the influence of design aspects or, even better, evaluate
the same concept with varying degree of aesthetics to see
if the desired effects are independent of the actual imple-
mentation. UX researchers, on the other hand, should more
carefully consider the consequences reporting trust in their
studies, particularly when evaluating safety critical systems
such as AVs. Instead of seeing trust “just as another factor
of UX”, we urge them to regard the concept of trust/reliance
in relation to system capabilities, as well as the danger of
overtrust.

ADS Performance as Hygienic Factor. UX and trust are im-
paired in all conditions of unreliable ADS performance. Thus,
primary objectives should be to improve automation, and
such improvements should become integral part of the user
interface. As the need for security seems to be most rele-
vant for ADSs [17], the success of AVs will be dependent
on the introduction of higher levels of automation where
monitoring is no more needed. Recent studies conducted at
real test tracks indicate that many drivers are not capable
of intervening in upcoming crash situations despite eyes on
the road and hands on the wheel [72]. A valid strategy could
be to not offer vehicles operating at SAE level 2, which is
of interest to the automotive companies, but unfortunately,
difficult to achieve given the imperfections of the existing
technology.

Don’t Sell a Wolf in Sheep’s Clothing. Vehicle designers
should carefully consider halo-effects and it must be pre-
vented to give users the impression that systems perform
better than they actually do. Theoretically, our results could
suggest that systems should be designed with bad usability
and low aesthetics to reduce the chance of overtrust. How-
ever, it is clear that vehicle manufacturers aim for maximiz-
ing UX qualities to maintain competitiveness and enthuse
customers for their products. This is also necessary to achieve
broad acceptance/proliferation of ADSs on the market. Thus,
they urgently need to take other methods into account to
better communicate performance aspects to users. Manufac-
turers of ADSs should immediately include solutions that
have already been suggested to approach the problem – such
as making their systems transparent for the users by commu-
nicating system decisions [38, 77] and uncertainties [3, 40]
or behavioral measures to avoid misuse (such as preventing
automation from being enabled in environments it was not
designed for).

6 LIMITATIONS AND FUTUREWORK
The presented work has some limitations. As differences be-
tween age groups concerning ADS experience exist, which
are in particular related to the need of security and trust [20],

future research needs to address this issue by involving a
more heterogeneous user group. Thereby, age, cultural back-
ground, or personality must be included to achieve more
generalizable results (as suggested by [2]). Another limita-
tion of our study is the simulation environment. Although
many studies addressing trust are conducted with driving
simulators [40, 56, 77], their results must be interpreted cau-
tiously. Also the IVIS implemented on a tablet computer was
only an example, and since we could reveal strong influence
of non-performance based aspects (such as aesthetics), other
interfaces present in our simulator might have influenced
results too. Future work thus needs to build up on our results
and conduct studies in real AV prototypes and in authentic
road conditions. Further, the impact of in-vehicle technology
that supports non-driving related tasks [61] but also of un-
obtrusive interfaces for trust calibration, like light designs
[52, 54], should be looked at in detail.

7 CONCLUSION
In this paper we have investigated the mutual influence of
drivers’ trust and user experience in automated vehicles.
We were interested in how subjective trust and UX corre-
late when modifying relevant parameters of both constructs
(here: system performance of the AV, representing the most
important criterium for appropriately calibrated trust, as
well as usability and aesthetics of an IVIS as relevant UX
parameters). Results of a driving simulator study, where 48
participants had to safely complete drives in an AV at level
2 while performing tasks on an IVIS, confirm that UX and
trust influence each other and correlate. Participants were
not able to solely adjust their trust levels to an objective
measure of trustworthiness (system performance) as their
judgment was strongly influenced by the UX of the IVIS (and
vice-versa). Variations of investigated independent variables
significantly affected both constructs of trust and UX. The
study further confirms the existence of so-called “halo ef-
fects” in the context of AVs, which is an important finding
as overtrust/overreliance already led to fatal accidents. Re-
search investigating methods aiming to deal with trust issues
should, thus, not only rely on subjective measurements of
trust, but also consider and include user experience mea-
sures. Our study shows that level 2 driving may not be safely
possible without making system performance accessible to
drivers. Otherwise, the influence of design features could hin-
der drivers’ ability to judge the trustworthiness of automated
vehicles with the necessary objectivity.
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