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Abstract

Trust in automation is a key determinant for the adoption of automated systems and their appropriate
use. Therefore, it constitutes an essential research area for the introduction of automated vehicles to road
traffic. In this study, we investigated the influence of trust promoting (Trust promoted group) and trust
lowering (Trust lowered group) introductory information on reported trust, reliance behavior and take-
over performance. Forty participants encountered three situations in a 17-minute highway drive in a
conditionally automated vehicle (SAE Level 3). Situation 1 and Situation 3 were non-critical situations
where a take-over was optional. Situation 2 represented a critical situation where a take-over was
necessary to avoid a collision. A non-driving-related task (NDRT) was presented between the situations
to record the allocation of visual attention. Participants reporting a higher trust level spent less time
looking at the road or instrument cluster and more time looking at the NDRT. The manipulation of
introductory information resulted in medium differences in reported trust and influenced participants’
reliance behavior. Participants of the Trust promoted group looked less at the road or instrument cluster
and more at the NDRT. The odds of participants of the Trust promoted group to overrule the automated
driving system in the non-critical situations were 3.65 times (Situation 1) to 5 times (Situation 3) higher.
In Situation 2, the Trust promoted group’s mean take-over time was extended by 1154 ms and the mean
minimum time-to-collision was 933 ms shorter. Six participants from the Trust promoted group
compared to no participant of the Trust lowered group collided with the obstacle. The results
demonstrate that the individual trust level influences how much drivers monitor the environment while
performing an NDRT. Introductory information influences this trust level, reliance on an automated
driving system, and if a critical take-over situation can be successfully solved.
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1. Introduction

The introduction of automated vehicles to road traffic is motivated by several predicted, beneficial out-
comes (Maurer, Gerdes, Lenz, & Winner, 2015; Stanton & Young, 1998) such as mitigating the negative
effects of routine drives on drivers’ health and compensating the negative effects of the predicted in-
crease in passenger traffic by increasing traffic efficiency (Payre, Cestac, & Delhomme, 2014; Roberts,
Hodgson, & Dolan, 2011). Beyond that, although advancements in passive and active safety technolo-
gies have led to a significant reduction in road accidents (Choi & Ji, 2015), European data, for example,
show that 26,000 road fatalities were still reported in the European Union in 2015 (European Commis-
sion, 2016). It is assumed that fully automating the driver’s tasks will reduce human error, such as
speeding or distraction, and, thereby, the number of fatalities further still. However, these claimed ben-
efits may only occur if automated vehicles are successfully implemented into road traffic and trust in
this technology is a vital precondition for this. Ghazizadeh, Lee, and Boyle (2012) stated in their Auto-
mation Acceptance Model that trust is a crucial contributor to an individual’s acceptability of automation
technology and several previous studies have empirically shown that trust is a key determinant for reli-
ance on automated systems (Bailey & Scerbo, 2007; Muir & Moray, 1996), adoption of automation
(Gefen, Karahanna, & Straub, 2003; Lee & Moray, 1994), and the intention to use autonomous vehicles
(Choi & Ji, 2015). In other words, “operators tend to use automation that they trust while rejecting au-
tomation that they do not” (Pop, Shrewsbury, & Durso, 2015). Multiple research disciplines focus on
trust, and there are several models with multiple dimensions of trust that more or less overlap. Based on
Mayer, Davis, and Schoorman (1995) and Lee and See (2004), we define trust in automation as “the
attitude of a user to be willing to be vulnerable to the actions of an automation based on the expectation
that it will perform a particular action important to the user, irrespective of the ability to monitor or to
intervene.” This definition implies that trust is a multidimensional construct that is based on relevant
characteristics of the automated system (e.g., reliability, predictability) and the trustor himself (e.g.,
propensity to trust). Driving automation represents a novel and complex technology and, contrary to
flight automation in aviation, its users will not be experts who have a deep understanding of its func-
tionality and principles (Kérber & Bengler, 2014). Thus, its use represents a situation of uncertainty and
vulnerability in which the user entrusts his well-being to the automated driving system (Lee & See,
2004; Walker, Stanton, & Salmon, 2016). However, trusting a system is not a binary all-or-none deci-
sion. The conceptualization of trust in a system rather refers to trusting and reliance as a graded process,
with the degree of trust being dynamic and situational (Hoff & Bashir, 2015; Lee & See, 2004). This
degree does not have to exclusively concern a system as a whole but may be specific to particular func-
tions of it. For example, in a study on a supervisory process control task, trust was distinct to the specific
automatic controller (Lee & Moray, 1994) and an automation failure did not cause trust to decline in the
remaining similar, but independent automatic controllers (Lee & Moray, 1992; Muir & Moray, 1996).
In contrast, Keller and Rice (2009) found that when a completely reliable aid was presented with an
unreliable aid, operators tended to rate both aids the same in a global, system-wide trust rating rather
than treating them as different systems with different reliabilities (component-specific trust). The exact
degree of functional specificity is probably moderated by an operator’s experience with the system, its
complexity, the information presented to the operator and their goals in operating the system (Lee & See,
2004). Indeed, this reflects the conceptualization of trust as a mainly affective response with influences
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by analytic and analogical processes. Since the future driving automation users will not be a homoge-
nous group of trained experts, potential variability in driver characteristics such as trust can lead to very
different outcomes, especially in time-critical situations like take-over situations (Creaser & Fitch, 2015;
Korber, Gold, Lechner, & Bengler, 2016). For example, in June 2016, the first fatal accident caused by
a self-driving car occurred. The driver completely relied on the Autopilot function of his Tesla Model
S, which misinterpreted a white tractor-trailer crossing the highway against a bright sky for a road sign
overhead (The Guardian, 2016). Accordingly, one of the two published Research Needs Statements
regarding human factors research on automated vehicles by the Transportation Research Board (TRB)
pertains to the misuse and abuse of automated vehicles (Creaser & Fitch, 2015). Thus, to ensure a safe
introduction of automated vehicles to road traffic, it is crucial to take trust into account. Otherwise, the
benefits of driving automation could vanish even if the system is used.

1.1. The role of trust in automated driving

Contrary to autonomous vehicles, conditionally automated driving still requires a driver. In SAE Level
3 (SAE International, 2016), drivers are included in the control loop as a fallback level and will be
required to take over manual control at system limits. Beyond that, it is also possible that the system
might require a transfer to Level 2 if the conditions necessitate it (Creaser & Fitch, 2015). An automated
driving system will allow the driver to take his eyes off the road and engage in NDRTs and driving
simulator studies show that drivers are willing to do so, possibly increasing the demand of a take-over
situation (Carsten, Lai, Barnard, Jamson, & Merat, 2012; Llaneras, Salinger, & Green, 2013; Radlmayr,
Gold, Lorenz, Farid, & Bengler, 2014). This act of reliance is only performed if the driver trusts driving
automation enough to completely hand over the driving task. However, trust predicts not only whether
an automated system is used but also how it is used: Parasuraman and Riley (1997) categorized the
interaction with automation into four styles which can be linked to operator’s trust in automation.
Among Use, Disuse, Abuse, the authors highlight the negative effects of Misuse, inappropriate over-
trust when the operator’s trust exceeds the automated system’s capabilities. Mahr and Miiller (2011)
stated in their model that too much trust leads to over-reliance on automation and therefore to a risk
adaption, i.e. the driver takes risks he would not have taken without an automated system. Operators
then tend to be vulnerable to monitoring failures (Bagheri & Jamieson, 2004; Bailey & Scerbo, 2007)
and tend to exhibit longer reaction times (Beller, Heesen, & Vollrath, 2013; Helldin, Falkman, Riveiro,
& Davidsson, 2013) or poorer reaction quality in critical events (McGuirl & Sarter, 2006; de Waard,
van der Hulst, Hoedemaeker, & Brookhuis, 1999). Hence, not only a minimum level but an appropriate
level of trust is crucial: The operator has to know the capabilities of an automated system and should
monitor it adequately when it is close to the limits of its capability (Carlson, Drury, Desai, Kwak, &
Yanco, 2014). Otherwise, the consequences are unexpected situations in which the driver may not able
to react in time.

The take-over of vehicle control can be critical if the automated driving system is operated in an
unfamiliar, unexpected or unstructured environment, situation or condition, because then the situation’s
demand may exceed the capacity for reacting since such situations have an increased demand (Shinar,
Tractinsky, & Compton, 2005; Wagner & Koopman, 2015). For example, Payre, Cestac, and Delhomme
(2016) found a higher take-over time with increasing trust in an emergency situation if training was
insufficient. Consistent across different levels of automation, inappropriate levels of trust lead to ex-
tended reaction times or poorer reaction quality in hazardous situations (Abe, Itoh, & Tanaka, 2002;
McGuirl & Sarter, 2006; Parasuraman & Riley, 1997). The causal mechanism could lie in participants’
monitoring strategy: Muir and Moray (1996) as well as Bagheri and Jamieson (2004) found a decrease
in monitoring with increasing trust. Hergeth et al. (2016) also reported a negative correlation between
participant’s trust in automation and the extent of monitoring of a highly automated driving system
during the engagement with an NDRT. Accordingly, better-calibrated trust, achieved by the display of
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system confidence or reliability (Dzindolet, Peterson, Pomranky, Pierce, & Beck, 2003; McGuirl
& Sarter, 2006), led to faster braking responses in a study by Seppelt and Lee (2007). Beller et al. (2013)
showed that the presentation of information on an automated system’s uncertainty improves situation
awareness, improves a driver’s mental model of the automated driving system, increases trust, and leads
to an increased time to collision in the event of an automation failure. Drivers in the study of Helldin et
al. (2013), who were informed of the automated system’s uncertainty, were better prepared in take-over
situations while, on average, spending more time doing other activities. This study aims to investigate
the relationship between trust, reliance behavior and take-over performance in conditional automated
driving in greater detail. Firstly, we investigate if trust and reliance behavior can be manipulated by prior
information (see next section). Secondly, trust is one factor, besides others such as self-confidence, that
influences reliance (Lee & Moray, 1992; Lee & See, 2004), but it does not completely determine it
because intentions and attitudes do not completely determine behavior (Ajzen & Fishbein, 1980; Meyer,
2004). Therefore, we use explicit behavioral measures in the form of reliance behavior as well as implicit
measures in the form of eye tracking. Furthermore, the study aims to investigate the relationship between
reported trust and the safety-critical outcome take-over performance. The following relationships are
expected:

H1: Trust is negatively correlated with monitoring of the automated driving system.
H2: Trust is positively correlated with reliance on the automated driving system.

H3: Trust is positively correlated with take-over time and negatively correlated with take-over quality.

1.2. Prior information influences trust

In contrast to the domain of aviation, the operators of automated vehicles will not be professional experts
but laypersons (Casner, Hutchins, & Norman, 2016). Automated driving and the engagement in NDRT's
represents a novel situation for a driver, in which trust is particularly important because it determines
reliance in complex and unanticipated situations that are not completely understood (Lee & See, 2004;
Meyer, 2001). In such situations, instructions and training with automation form an operator’s expecta-
tions, prior knowledge and understanding (Hoff & Bashir, 2015). How an automation is presented to an
operator constitutes his expectations of the automated system’s reliability (Barg-Walkow & Rogers,
2016; Mayer, Rogers, & Fisk, 2009) and the expectations, in turn, constitute the perception of an auto-
mation’s reliability (Madhavan & Wiegmann, 2005; Pop et al., 2015). Accordingly, Beggiato and Krems
(2013) found a negative relationship between the number of potentially critical situations that are pre-
sented in preliminary information, and initial trust in and acceptance of an ACC system. Explicit state-
ments on system reliability in the introduction determine initial reliance, compliance and tendency to
over-reliance (Madhavan & Wiegmann, 2005; Mayer, Sanchez, Fisk, & Rogers, 2006). Initial trust is
higher before the automated system is used if no limitations of a fully automated system are mentioned
(Biassoni, Ruscio, & Ciceri, 2016). Skitka, Mosier, Burdick, and Rosenblatt (2000) also found that
training in which automation bias and its negative effects was emphasized led to a smaller number of
commission errors but had no effect on omission errors. This effect is greater when participants actually
experienced automation failures during training than for only being instructed that the automated system
may fail (Bahner, Hiiper, & Manzey, 2008). Sauer, Chavaillaz, and Wastell (2015) found that the level
of system reliability experienced during training influenced the trust in an automated system and the
degree of automation bias in the following test session. In this study, we aim to transfer the mentioned
findings to conditional automated driving and investigate if prior information determines the interaction
with an automated driving system. Given the mentioned findings, automation that raises positive expec-
tations of its performance (Schaefer, Chen, Szalma, & Hancock, 2016), signals high reliability (Mayer



et al., 2006) and is experienced as reliable (Sauer et al., 2015) should increase subjective trust in auto-
mation. Based on this, we expect the following relationship:

H4: The degree of competence and reliability of an automated system that is described in an introduc-
tion and is experienced in an introductory drive is positively correlated to the subjective trust in auto-
mation.

2. Method

2.1. Experimental design

The experiment was designed as a between-subjects design with two groups, (1) Trust Lowered and (2)
Trust Promoted. The Trust Promoted group received trust-promoting information that should increase
trust in automation, while the Trust Lowered group received trust-lowering information that should de-
crease trust. Participants in both groups then experienced the same three situations in the same order.
The experimental procedure is depicted in Figure 1. As already mentioned, trusting is not an all-or-none
decision. Rather than completely establishing or eliminating trust, we expect the prior information to
raise or lower trust. Furthermore, the initial trust level as well as the change in trust level by the prior
information is dependent on stable individual differences in the general propensity to trust automated
systems (Lee & See, 2004). Hence, we still expect variance of the trust scores within the experimental
groups and, therefore, investigate trust on individual level and group level.

2.2. Sample

A total of n = 40 participants took part in this study, 12 (60 %) female and 8 (40 %) male in the Trust
Lowered group and 10 female (50 %) and 10 male (50 %) in the Trust Promoted group. The mean age
of the Trust Lowered group was M = 26.65 (SD = 4.49) with a range from 19 to 37 years, the mean age
for the Trust Promoted group was M = 25.85 (SD = 1.85) with a range from 22 to 29 years. Participants
were required to have held a driver’s license for at least one year. Participants in the Trust Lowered
group had held their drivers’ licenses for a mean of M = 9.15 (SD = 4.12) years, while participants in
the Trust Promoted group had held their drivers’ licenses for a mean of M = 7.93 (SD = 1.65) years.
Annual mileage by trust group is listed in Table 1. Since a positive view of technology influences the
perception of automation and promotes complacency (Lee & See, 2004), we ensured equivalence of the
groups in the covariate dffinity for technology, measured by a questionnaire developed by Feuerberg,
Bahner, and Manzey (2005), in this study. If participants reported any impairments to their sight, the
use of adequate correction was ensured. Table 2 and Table 3 list the prior experience of the participants
with a driving simulator and with automated driving. Participation was rewarded with candies.

5,000— 10,000- ACC LKA LDW
<5000 45000 20,000 20000 Yes No Yes No Yes No
Lowered 9 6 4 1 Lowered 3 14 0 20 0 20
Promoted 6 11 3 0 Promoted O 18 1 18 1 18
Total 15 17 7 1 Total 3 32 1 38 1 38
Table 1: Annual mileage in kilometers by group. Table 2: Experience with driver assistance systems

by group; ACC = adaptive cruise control; LKA =
lane keeping assistance; LDW = lane departure
warning; missing = no response or does not know.



Simulator study Automated driving study

Participated Not yet participated Participated Not yet participated
Lowered 8 12 3 17
Promoted 7 13 6 14
Total 15 25 9 31

Table 3: Prior participation in experiments by groups.

2.3. Dependent variables
2.3.1.Reliance behavior

Trust is defined as the willingness to be vulnerable to another party and, therefore, a suitable measure-
ment is a situation that assesses the extent to which a trustor is willing to voluntarily become vulnerable
by relying on the automated system (Schoorman, Mayer, & Davis, 2007). We implemented two situa-
tions (Situation 1, Situation 3) that are solved by the automated driving system but could have evolved
into an accident. Thus, a take-over was not obligatory or requested but is a reasonable action if one does
not trust the automated driving system. To evaluate take-over performance a critical situation with an
obligatory take-over, Situation 2, was implemented as well. We implemented interim experimental
stages (Interim 1-3) before each situation in which the participants should engage in the NDRT. The
interims were implemented to record the allocation of attention between NDRT and monitoring of the
traffic situation by eye tracking.

Situation 1 represents a slower-moving (80 km/h) truck that functions as an obstacle on the partici-
pant’s lane. The automated vehicle approaches the truck up to a headway distance of 35 meters. It then
overtakes the truck with a speed of 100 km/h. Thus, the ego vehicle comes close to the truck but still
overtakes without a collision. The close overtaking maneuver represents a vulnerable situation since it
is not clear for a long time whether the automated driving system overtakes the vehicle correctly. There-
fore, we assume that a person who does not trust the automated driving system will intervene and over-
take the truck by himself. Lower trust should also lead to an earlier intervention, i.e. we expect a negative
correlation between trust and time until optional take-over. To ensure that every participant was aware
of this situation, the NDRT was shut off seven seconds before the situation began.

Situation 2 represents a critical situation with an obligatory take-over. A broken-down vehicle, with
a breakdown triangle directly in front on the same lane was used as an obstacle. The situation was in-
troduced with a headway vehicle driving at the same speed as the ego vehicle that obstructed the view
on the obstacle. With time-to-collision (TTC) of 8 seconds, the headway vehicle changed lanes, allowing
the participant a view of the obstacle at 7 seconds TTC. Thus, a participant who monitors the road fre-
quently can react to the situation before the take-over request (TOR) was emitted. At 4s TTC
(111.11 meters), an auditory TOR in the form of a doubled beep (2,800 Hz, 74 dB) was emitted, re-
questing the driver to take-over vehicle control. At the same particular point in time, the automated
driving system was turned off, resulting in a drag torque of 0.64 m/s2.

Situation 3 was similar to Situation 1 in the sense that it represented a close, but ultimately uncritical
situation with no obligatory take-over. Again, a slower-moving truck (80 km/h) was the headway vehi-
cle. At 345 meters distance, the longitudinal control was shut off momentarily and, therefore, the gap
between the vehicles was reduced up to a distance of 35 meters, at which point the ACC has been acti-
vated again. This avoided a collision and a take-over was not necessary. However, the reactivation of
the ACC was set at a quite close headway distance, therefore, participants who do not trust the automated
driving system are expected to brake before the ACC was reactivated in order to avoid a collision. Again,
to ensure that every participant was aware of this situation, the NDRT was shut off seven seconds before
the situation began.



2.3.2.Take-over time and quality

Dependent variables for the take-over situation were take-over time, minimum time-to-collision, maxi-
mum lateral acceleration and maximum longitudinal acceleration. According to (Gold & Bengler, 2014),
take-over time (TOT) was defined as the time between the TOR and the first conscious reaction by the
driver, i.e. a change of 10 % of the maximum brake pedal position or more than two degrees in steering
wheel angle. Take-over quality comprises the evasive maneuver as well as the stabilization on the new
lane and was measured by the minimum time-to-collision (minTTC), which is defined as the current
remaining time until a collision with an object is imminent, assuming constant speed and direction.
Further measures for take-over quality are maximum longitudinal acceleration and the maximum lateral
acceleration of the ego vehicle that occurred between the TOR and 166 meters after the obstacle. The
last indicator for take-over quality was the involvement in a collision.

2.4. Material and apparatus
2.4.1.Information material

At the beginning of the experiment, an introductory video on automated driving published by the
OAMTC (Osterreichische Automobil-, Motorrad- und Touringclub, 2014), was presented on an Apple
MacBook Pro notebook with a 13 " display. In this video, the basic functionality of automated driving,
sensors, and trajectory planning was explained within a conditionally automated drive on an Austrian
highway. The Trust Promoted group watched the same video as the Trust Lowered group, however, the
final, non-critical take-over caused by the upcoming exit from the highway was cut from the video of
the Trust Promoted group. Both groups, therefore, watched a video of a perfectly-functioning automated
driving system, but the Trust Lowered group also saw a non-critical take-over situation in addition,
whereas the Trust Promoted group did not see this explicit reminder of the automated driving system’s
limitations. As second part of the introductory information, the two groups were introduced to the func-
tionality of the automated driving system in text form. Both groups received the same text, except that
in the Trust Lowered group, a take-over situation was described as possible at any time whereas in the
Trust Promoted group it was described as unlikely to happen, but possible. Also, the Trust Lowered
group was explicitly reminded that they are ultimately responsible for their vehicle and road safety at
all times; this part was left out for the Trust Promoted group at this point. The third part of the introduc-
tory information material was represented by the introductory drive. This drive lasted for about two
minutes and was set on a similar highway track to the experimental drive. For the first part of this drive,
the participants were instructed to drive manually in order to get comfortable with driving in a driving
simulator. Next, they were instructed to switch on the automated driving system and were told that they
could overrule the automated driving system with their manual input at any time. After about one minute
of driving, the participants were instructed to change to the right lane with driving automation activated.
Both groups, Low and High, then experienced a take-over situation, however, the criticality was varied
based on the experimental condition. The Trust Promoted group received the TOR with no surrounding
traffic and no obstacle and thereby had to regain manual control in a completely non-critical situation.
The Trust Lowered group also received the TOR but at six seconds TTC to a broken-down vehicle as
an obstacle. Therefore, they had to regain manual control and change lanes to avoid a collision. There
was no surrounding traffic, the participants were not distracted, and no other complicating conditions
were present, thus, it was a more critical take-over situation than the Trust Promoted group, but still
very easy to solve.
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Figure 1: Procedure and measures of the experiment.
2.4.2.Trust in Automation questionnaire

We used the German version of the questionnaire Trust in Automation (TiA) developed by Korber
(2015), which contains 19 items on a Likert-type rating scale from 1 (= strongly disagree) to 5
(= strongly agree). Internal consistency, as well as construct validity, have been shown in this publica-
tion. The questionnaire is structured into five subscales (Reliability/Competence, Familiarity, Trust, Un-
derstanding, Intention of Developers) which each contain between two and four items. Sample items are
“I trust the system” (Item 9) or “The system might make sporadic errors” (Item 15). The trust-influenc-
ing information was focused on manipulating trust by different information regarding the automated
driving system's competence. Thus, for this experiment, we analyzed the complete questionnaire but
also focused on the subscales Trust and Competence which have been analyzed as a single subscale as
well.

2.4.3.Affinity for technology questionnaire

The subscale Affinity for Technology within the questionnaire Potential for Complacency (Feuerberg et
al., 2005) contains eleven items formulated as statements with a Likert-type answer mode from 1 (= not
true at all) to 5 (= completely true). For example, Item 9 says “I am fascinated by most of the techno-
logical achievements”.

2.4.4.Driving simulator and experimental track

The experiment was conducted in a static driving simulator with a BMW 6 series mockup. A front field
view of approximately 180 °, as well as three additional screens for rear mirrors, were used to show the
driving simulation SILAB by WIVW GmbH. Participants drove in an automated vehicle (conditional
driving automation; Level 3 in SAE International, 2016) at a speed of 100 km/h on a six-lane highway
(three lanes in each direction). The implemented automated driving system was able to carry out longi-
tudinal as well as lateral control and to overtake slower vehicles. Medium traffic density was imple-
mented. The whole experimental drive lasted 17 minutes.



2.4.5.Eye tracking system and parameters

DIKABLIS 2.0, developed by Ergoneers GmbH, in combination with D-Lab for analysis, was used to
track participants’ eye movement. The system is a head-mounted camera system containing two cam-
eras, one for field view and one to track eye movement. Eye-tracking data was analyzed according to
ISO 15007-1:2014 (2014). The defined AOIs were NDRT and Monitoring (road and instrument cluster).
Measures were Percentage of Time on Area of Interest (ratio representing the percentage of time that
glances are within an AOI), Glance Frequency (number of glances per unit of time on an AOI), and
Mean Glance Duration (mean duration of all glances toward an AOI).

2.4.6.Non-driving-related task surrogate reference task

Many NDRTs in an automated driving scenario, such as texting with a cell phone, using a navigation
system, or a media system menu require visual-manual input (Horberry, Anderson, Regan, Triggs, &
Brown, 2006). To simulate such an NDRT, the authors chose Surrogate Reference Task (SuRT), a vis-
ual-manual task standardized in ISO 14198 (2012) in the difficulty level hard. In this task, participants
have to find a single, larger circle (diameter 47 px) in a scatter of 50 white distractor circles (diameter
40 px) on a black background which is separated into six columns. To solve a trial, participants have to
select the column that contains the larger circle. The task was shown at a resolution of 1366 x 768 pixels
on a Lenovo ThinkVision L.T1421 display (14 " screen size) that was placed on top of the mockup’s
central information display. Participants responded using a special keyboard that only contained four
cursor keys. The task could be interrupted at any time. The placement of the display required the partic-
ipants to re-allocate their visual focus completely away from the road/environment if they wanted to
engage in the task. No feedback on task performance was given and individual task performance was
not analyzed.

2.5. Procedure

Once they had been welcomed, participants signed their agreement to the experimental procedure, filled
out a demographic questionnaire, the questionnaire Affinity for Technology, and received the introduc-
tion to the experiment (version depending on the condition) and to the automated driving system. Next,
they watched the introductory video to automated driving and subsequently filled out the TiA question-
naire for the first time. After that, the participants took a seat in the vehicle and calibrated the interior to
their own comfort. The eye tracking glasses were put on and were calibrated. The participants received
instruction in the handling of the driving simulator and the automated driving system and were invited
to try out the NDRT. If the participants indicated that they felt comfortable in the vehicle and in solving
the NDRT, the introductory drive started. Next, the participants filled out the questionnaire TiA again.
Afterward, the experimental drive was started. Once they had completed the drive, participants filled
out the TiA for the last time and were rewarded with sweets and drinks. The total experiment time was
45 minutes.

3. Results

3.1. Data analysis

For data analysis, we relied on Bayesian parameter estimation and Bayesian hypothesis tests by Bayes
Factors (BF; (Korber, Radlmayr, & Bengler, 2016; Rouder, Speckman, Sun, Morey, & Iverson, 2009;
Schonbrodt & Wagenmakers, 2017). A BF represents the ratio of the probability of the data given a null
model to the probability of the data given an alternative model and thereby offers a gradual quantifica-
tion of evidence (Schonbrodt, Wagenmakers, Zehetleitner, & Perugini, 2015). A BF o of 3, for example,
states that the data is 3 times more likely in the alternative model than in the null model. Lee and
8



Wagenmakers (2013) provide a guideline for interpretation: BF1o 1-3 anecdotal evidence, 3—10 moder-
ate evidence, BFio > 10 strong evidence. A significant (p = 0.05) independent samples t test with t(40)
= 2.021 corresponds to a BFio = 1.49.

We carried out the data analysis with Matlab (for driving data), JASP (Love et al., 2015), the
BayesFactor package (Morey & Rouder, 2015), and scripts by Kruschke (2015), implemented in the
statistical computer software R (R Core Team, 2016) and JAGS (Plummer, 2003). If not indicated oth-
erwise, we estimated the descriptive parameters with a normal prior and uninformative priors for its
parameters (1 ~ N(x, 1/(100-02); o ~ U(0/1000, 0-100)). Prior distribution for the Bayesian t test was a
Cauchy distribution with r = 1/ V2, while a uniform Beta distribution with width of k = 1 was the prior
distribution for BFs on correlations (Ly, Verhagen, & Wagenmakers, 2016). Because all of our hypoth-
eses predict a direction of the expected effect, we used directional prior distributions to calculate the
BFs (Dienes, 2011). BF. denotes a positive correlation, BF- a negative correlation; BF+ indicates higher
expected values in the Trust Lowered group, vice versa for BF-. Because of the high positive skewness
of the eye tracking data, the values were transformed by taking the square root and winsorized with a
cutoff value at the 10™ and 90™ percentile (Wilcox, 2012).

3.2. Questionnaires

The questionnaire Affinity for Technology exhibited a very high internal consistency (Cronbach’s alpha)
of o = .88. The mean affinity for technology for the Trust Lowered group was M = 3.48 [3.12, 3.87]
(SD = 0.78) with a range from 1.82 to 4.45, the mean age for the Trust Promoted group was M = 3.45
[3.14, 3.76] (SD = 0.64) with a range from 2.55 to 4.73. The HDIs overlapped by 82.75 %, therefore,
equivalence was assumed.

In the following, we report the descriptive sample values of the TiA questionnaires (Tables 4 to 6
and Figures 2 to 4). In the tables, o denotes Cronbach’s alpha (internal consistency of the scale), M
denotes the mean score, SD its standard deviation; d denotes the effect size Cohen’s d (Grissom & Kim,
2012); HDI denotes the highest density interval with its lower limit LL and its upper limit UL; BF
denotes the Bayes Factor.

HDI
Group N M SD LL UL d BF o

o Lowered 20 3.17 054 290 3.43
TiA Video promoted 20 3.19 035 3.02 335 002 033

) ) Lowered 20 3.20 0.52 296 3.45
TiA Introductory Drive 0.29 0.89
Promoted 20 3.37 043 3.16 3.58

TiA End Lowered 17 3.19 0.75 2.77 3.58 0.06 0.38
A B0 Promoted 20 3.24 0.53 299 3.49 ' '

Table 4: TiA descriptive values; HDI = highest density interval.

HDI
o Group N M SD LL UL d BF_

) Lowered 20 3.25 0.74 287 3.58
Trust Video 63 pomoted 20 332 058 3.04 362 207 039

Trust Introductory Drive .70 Lowered 20 3.25 0.70 2.93 3.53 0.59 435

Promoted 20 3.70 0.55 3.55 4.00

Trust End 85 Lowered 17 335 1.01 2.79 3.89 0.02 0.34
Promoted 20 3.38 0.87 299 3.82

Table 5: Trust subscale descriptive values; HDI = highest density interval.
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HDI

o Group N M SD L UL d BF_
. Lowered 20 3.28 0.63 3.02 3.61

Competence Video 71 promoted 20 350 054 325 377 020 0%

Co'mpetencelntroductory 71 Lowered 20 3.15 0.71 280 3.48 039  1.49
Drive Promoted 20 3.46 0.52 3.18 3.69
L 17 3.1 . 2. 7

Competence End g3 Lowered 3.18 096 - 2.68 370 50 037
Promoted 20 3.23 0.76 2.87 3.61

Table 6: Competence subscale descriptive values; HDI = highest density interval.

Trust Trust in Automation TiA

Competence
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Figure 2: Development of scores of the trust in automation questionnaire TiA; error bars = 95 % HDI.
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3.3. Interim 1/Preliminary to Situation 1

Interim 1 represents the first five minutes of the experimental drive preliminary to Situation 1. In this
time span, the participants were engaged in the NDRT. Tables 7 to 10 report the group differences and
correlations between reported trust and gaze behavior on the NDRT or the monitoring gaze behavior
respectively. Percentage depicts Percentage of Time on Area of Interest, Frequency depicts Glance

Frequency, and Mean depicts Mean Glance Duration.

Group M SD d BFy

Mean Percentage Frequency

Glance Lowered 0.55 0.11
Frequency Promoted 0.53 0.21
Mean Lowered 1.44 0.42
Glance Promoted 1.74 0.62
Glance Lowered 7.57 1.03

0.130.47

0.462.12

0.431.82

Trust in r 10
Automation BF 0.34
r .25
Trust BF 1.18
r -.01
Competence BF  0.19

.30 .10
2.01 0.13
.36 -.08
4.66 0.26
.16 .16
0.53 0.11

Percentage Promoted 8.09 0.90

Table 7: Gaze on NDRT by group; BF o for fre- Table 8: Correlation between gaze on NDRT and subjective

quency, n = 20.

BF+. BF- for freauency: n = 40.

trust scales; prior distribution for mean and percentage was

Group M SD d BF,,

Mean Percentage Frequency

Glance Lowered 0.76 0.18

1.11158.61
Frequency Promoted 0.58 0.11

Trust in r -.13
Automation BF- 0.42

Mean Lowered 0.70 0.12 r .10
0.05 0.27 Trust
Glance  Promoted 0.71 0.16 BF-  0.13
-0.12
Glance Lowered 5.18 1.26 r
069 8.32 Competence BE. 039

Percentage Promoted 4.22 1.03

—-.40 -.33
9.67 3.19
-.33 —-.40
3.00 9.64
-.29 -.23
1.76 0.93

Table 9: Monitoring by group; n = 20.

Table 11 and 12 show the relationship between trust and horizontal standard deviation of gaze, i.e. the

scanning behavior.

Table 10: Correlation between monitoring and subjective
trust scales: n = 40.

Group M SD d BF.

Horizontal SD

Horizontal S -OWered 9-971.55 4 14 4 cq
Promoted 9.58 1.62

Table 11: Horizontal standard deviation of
gaze by group; n = 20.

3.4. Situation 1

Situation 1 consisted of a slower-moving truck that was used as an obstacle on the participant’s lane.
The automated ego vehicle approaches the truck up to a headway distance of 35 meters and then over-
takes the truck very closely. It was evaluated, if participants rely on the automated driving system or if
they intervene and overtake manually. Table 13 shows the frequency of interventions (= optional take-
overs) by group. The relative risk between the groups was RR = 1.60; the odds ratio estimated with an

11

r
Trust in Automation
ust in Au i BE.
r
Trust
4 BF.
Competence r
P BF_

-.33
3.26
-.28
1.65
-.33
2.92

Table 12: Correlation between trust scales and
horizontal standard deviation of gaze; n = 40.



independent multinomial prior with the direction Lowered < Promoted was OR = 3.65 [0.97, 14.82],
BF = 4.69. Table 14 shows the type of intervention by group.

No intervention Intervention Total Steering  Braking Total
Lowered 10 10 20 Lowered 3 7 10
Promoted 16 4 20 Promoted 2 2 4
Total 26 14 40 Total 5 9 14
Table 13: Number of interventions by group. Table 14: Type of intervention by group.

We also compared the trust level of the participants who intervened with the level among the participants
who did not intervene. We found evidence for a medium difference in all scales with varying strength
of evidence. The results are listed in Table 15. Headway distance values of the n = 14 participants who
intervened have been cleared of outliers by the function out(x) which detects outliers using the Median
Absolute Deviation statistic MAD with a cutoff value of 2.24 (Wilcox, 2012). This led to the exclusion
of 3 observations, 2 of the group Trust Lowered. Table 16 reports the correlation between headway
distance at the time of intervention and reported trust.

Intervention N M SD d BF,, Headway distance

Trust in No 26 3.37 0.49 0.41 1.51 Trust in r -.37
Automation Yes 14 3.13 0.43 ’ Automation BF- 1.12
No 26 3.62 0.67 r -.13

Trust 0.50 2.40 Trust _
s Yes 14 3.21 0.58 BF 0.51
r -.09
Competence No 26 3.41 0.69 0.40 1.50 Competence BE- 0.45

Yes 14 3.10 0.46

Table 15: Trust scales by intervention.

Table 16: Correlation between trust scales and
headway distance at time of intervention; n = 11.

3.5. Interim 2/Preliminary to Situation 2

Interim 2 represents the five-minute long time span between Situation 1 and Situation 2. In this time
span, the participants were engaged in the NDRT. Tables 17 to 20 report the correlations between re-
ported trust in the questionnaire and gaze behavior on NDRT or the monitoring gaze behavior respec-
tively. One participant from the Trust Lowered group had to be excluded from the eye tracking analysis
beginning with Interim 2 because of data logging problems.

Group N M SD d BFy Mean Percentage Frequency
Glance Lowered 19 0.56 0.11 0.23 0.69 Trust in r .16 21 -.01
Frequency Promoted 20 0.51 0.25 ' Automation BF  0.53 0.78 0.21
Mean Lowered 19 1.51 0.39 r .35 .35 -.25
0.78 13.67 Trust
Glance Promoted 20 2.13 0.86 BF 381 3.87 1.14
.02 A2 .07
Glance Lowered 19 8.25 1.02 r
0.54 3.17 Competence pp 55 g3g 0.15

Percentage Promoted 20 8.92 1.02

Table 18: Correlation between trust scales and gaze on
the NDRT; prior distribution for mean and percentage
was BF+, BF- for frequency; n = 39.

Table 17: Gaze on the NDRT by group; BF+o
for frequency.
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Group N M SD d BFy Mean Percentage Frequency

Glance Lowered 19 0.61 0.21 1101345 Trust in r -.38 -.36 -.34

Frequency Promoted 20 0.37 0.18 " Automation BF- 5.92 4.64 3.23

Mean Lowered 19 0.73 0.11 r -.21 -.39 -.43
0.70 8.04 Trust

Glance  Promoted 20 0.63 0.13 BE- 0.80 7.38 15.53

r -.34 -.29 -.31

Percentage Promoted 20 2.55 1.76

Table 19: Monitoring gaze by group.

BF- 3.32 1.81 2.18

Table 20: Correlation between monitoring gaze and trust
scales; n = 39.

Tables 21 and 22 show the relationship between trust and horizontal standard deviation gaze, i.e. the
scanning behavior.

Group N M SD d BFy Horizontal SD
) Lowered 199.66 1.71 Trust in r -.32
Horizontal SD Promoted 20 8.51 1.75 0.54 3.17 Automation BF- 2.50
Table 21: Horizontal gaze deviation by group; Trust r =34
n = 20. BF- 3.57
r -.32
Competence BE. 557

Table 22: Correlation between trust scales and
horizontal standard deviation of gaze; n = 39.

3.6. Situation 2

Situation 2 represented a critical take-over situation where a take-over by the participant was necessary
to avoid a collision. Take-over performance was measured by take-over time (TOT), and take-over qual-
ity was measured by minimum TTC (minTTC; distance of front of ego vehicle to obstacle divided by
current speed), maximum longitudinal acceleration, maximum lateral acceleration, and involvement in
a collision. Table 23 show the frequency of collisions by group. The relative risk between the groups
was RR = 13.00; the odds ratio with an independent multinomial prior (Jamil et al., 2016) with the
direction Lowered < Promoted was OR = 13.89 [1.82, 444.52], BF = 18.33. We also compared the trust
level of the participants who were involved in a collision with that among the participants who were not
involved. The results are listed in Table 24.

No collision Collision Total Collision N M SD d BF,
Trust in Yes 6 3.57 0.38 0.51 1.82
Lowered 20 0 20 Automation No 34 3.23 0.48 '

Promoted 14 6 20 Yes 6 3.92 020

Total 34 6 40  Trust 0.58 2.34
No 34 3.40 0.68
Table 23: Involvement in collision by group. Yes 6 3.78 0.66

Y grotp Competence 0.67 3.34

No 34 3.22 0.60

Table 24: Trust scales by collision.

Mean take-over times and minTTC values have been screened for unreasonable high values resulting in
the removal of participant 14, 19 and 40 because of unreasonable high values larger than 17 s. We found
a difference of AM = 1154 ms between the Trust Lowered group (Mriowerea = 1.17, SD = 1.21) and the
Trust Promoted group (Mpromoted = 2.32, SD = 1.44); the BF1o with prior Low < High of BF;, = 10.82
indicates strong evidence for a difference in means. There was also a difference in minTTC of
AM =933 ms (Mrowerea = 1.44, SD = 1.21; Mbpromoed = 0.50, SD = 0.35) with a BFo with prior Low-
ered > Promoted of BF1p = 11.23, thus strong evidence for a difference. Figures 5 and 6 visualize the
difference.
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Figure 5: Take-over time by group; error bars = 95 % Figure 6: MinTTC by group; error bars = 95 % HDI.
HDI.

Table 26 reports the correlation between reported trust and take-over performance as well as take-over
quality. Both measures are also listed by group in Table 25.

Group N M SD d BF TOT minTTC
r BF- r BF-
TOT Lowered 18 1.17 [0.59, 1.77] 1.21 0761082
Promoted 19 2.32 [1.65, 2.99] 1.44 R _ 97 141 -29 134
MinTTC Lowered 18 1.44 [0.81, 2.02] 1.21 0.84 1123 utomation
mn . .
Promoted 13 0.50 [0.30, 0.70] 0.35 Trust 33 254 -35 2.49

Table 25: TOT and minimum time-to-collision (minTTC) by
group; 95 % HDI in brackets; prior for TOT was BF-o and

BF'+o for minTTC. Table 26: Correlation between trust scales and
TOT and minimum time-to-collision (minTTC);
nror = 37; Nmintrc = 31.

Competence .24 1.02 -.21 0.70

Next, we analyzed the take-over quality measures maximum longitudinal acceleration and maximum
lateral acceleration. Tables 27 and 28 show the correlations between trust and take-over quality as well
as take-over quality by group.

Group N M SD d BF- Min. long. Max.
Min. long. Lowered 18-4.614.31 acceleration lat. acceleration
; 0.110.15

acceleration Promoted 13 -2.113.22 r BE- r BF+
Max. lat.  Lowered 18 2.85 1'570 280.53 Trust in Automation .28 0.10 -.15 0.13
acceleration Promoted 13 3.18 1.69 : Trust .32 0.09 -.12 0.15
Table 27: Take-over quality by group; Competence 19 012 —20 0.12
max. lat. acceleration are absolute Table 28: Correlation between take-over quality and trust
values. scales; n = 31.
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3.7. Interim 3/Preliminary to Situation 3

Interim 3 represents the five-minute long time span between Situation 2 and Situation 3. In this time
span, the participants were engaged in the NDRT. Tables 29 to 32 report the correlations between re-
ported trust in the questionnaire and gaze behavior on NDRT or the monitoring gaze behavior respec-
tively.

Group N M SD d BFy Mean Percentage Frequency
Glance Lowered 16 0.60 0.17 0.010.33 Trust in r .19 31 -.07
Frequency Promoted 20 0.60 0.25 Automation BF  0.66 1.95 0.29
Mean Lowered 16 1.48 0.58 r 23 .34 -.14
0.270.81  Trust
Glance  Promoted 20 1.74 0.82 BF 0.91 3.04 0.45
15 .28 -.07
Glance  Lowered 16 8.33 1.03 r
0.220.67 ~Competence pp 49 15 0.30

Percentage Promoted 20 8.65 1.17

Table 29: Correlation between trust scales and
gaze on NDRT; BF -+ for frequency.

Table 30: Correlation between trust scales and gaze on the
NDRT; prior distribution for mean and percentage was
BF+, BF- for frequency; n = 36.

Group N M SD d BFs Mean Percentage Frequency
Glance Lowered 16 0.61 0.18 0.69 6.50 Trust in r -.23 -.44 -.49
Frequency Promoted 20 0.45 0.20 ’ Automation BF- 0.88 13.57 36.01
Mean Lowered 16 0.72 0.14 r -.17 -.42 —-.44
0.66 5.62 Trust
Glance  Promoted 20 0.59 0.16 BF-  0.55 8.64 13.20
-.25 -.43 —-.49
Glance Lowered 16 4.14 1.41 r
0.7610.04 Competence pp 4 o5 g 3g 35.34

Percentage Promoted 20 2.76 1.58

Table 31: Correlation between trust scales and
monitoring gaze; prior distribution for mean and
percentage was BF+, BF- for frequency.

Table 32: Monitoring gaze by group; n = 36.

Tables 33 and 34 show the relationship between trust and horizontal standard deviation gaze, i.e. the
scanning behavior.

Group N M SD d BFsy Horizontal SD
Horizontal Sp -0Wered 169:331.45 54 6 62 Trust in Automation ~38
Promoted 20 8.87 1.92 BF- 4.70
Table 33: Standard deviation of horizontal gaze Trust r —34
by group. BF- 3.01
Competence " 4l
P BF- 8.37

Table 34: Correlation between trust scales and
SD of horizontal gaze; n = 36.

3.8. Situation 3

Situation 3 was similar to Situation 1 in the sense that it was a close, but non-critical situation without
an obligatory take-over. The ACC system did not adapt to the lower speed of a slower-moving truck
ahead and, therefore, the ego vehicle approached the truck up to a distance of 35 meters, at which point
the ACC was activated again. Thus, a take-over was not necessary but participants who did not trust in
the automated driving system were expected to brake before the ACC was reactivated in order to solve
the situation manually. Three participants had to be excluded because of data logging problems. Table
35 shows the frequency of interventions (= optional take-overs) by group. The relative risk between the
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groups was RR = 2.94; the odds ratio with an independent multinomial prior with the direction Lowered
< Promoted was OR = 5.01 [1.32, 21.63], BF = 12.90. Table 36 shows the type of intervention by group.

No intervention Intervention Total

Lowered 7(3529%)  10(64.71%) 17
Promoted 16 (70.00%)  4(30.00%) 20
Total 23 14 37

Table 35: Intervention by group.

Steering Braking Accelerating Total

Lowered 2 8 1 11
Promoted 5 1 0 6
Total 7 9 1 17

Table 36: Type of intervention by group.

We also compared the trust level of the participants who intervened with that among the participants
who did not intervene. We found evidence for a medium difference in the TiA scales as well as in Trust.
The results are listed in Table 37. Headway distance values have been again cleared of outliers consid-
ering the MAD. This led to the exclusion of three observations from the group Trust Lowered who
intervened at a distance of over 127 m. Table 38 reports the correlation between headway distance at
the time of intervention and reported trust.

Intervention N M SD d BF4 Headway distance
Trust in ' No 23343041 0.51 2.45  Trust in Automation i 23
Automation Yes 14 3.13 0.55 BF- 0.68
No  233.670.65 r -.12
0.451.82  Trust

Trust Yes  143.420.54 BF- 0.49
r -.03

Competence No 233.430.68 0.23 0.71 Competence BE. 0.39

Yes 14 3.24 0.46

Table 37: Trust scores by intervention.

Table 38: Correlation between trust scales and head-
way distance at point of intervention; n = 11.

After the experimental drive, the participants filled out the TiA questionnaire for a third and last time
after their experimental drive. Figures 2 to 4 visualize the development of reported trust at the three
measurements.

4. Discussion

In this study, we investigated the relationship between subjective trust in automation, manipulated by
prior introductory information and experience, and reliance behavior in automated driving. The experi-
mental setup consisted of a highway drive with an SAE Level 3 automated vehicle with engagement in
an NRDT. The participants encountered three traffic situations: Situation 1 and 3 were non-critical sit-
uations that are solved by the automated driving system and a take-over was not obligatory or requested
but is a reasonable action if one does not trust the automated driving system. Situation 2 represented a
critical situation that required a take-over by the driver to avoid a collision with an obstacle.

The first goal of this study was to investigate whether trust can be manipulated by prior information.
We divided the participants into two groups (Trust Lowered and Trust Promoted) that received either
trust-lowering or trust-promoting information prior to the experimental drive. Trust was measured by a
questionnaire at the beginning, after the introductory drive, and at the end of the experiment. We found

no evidence for a difference between the groups in the measurement after the video — this manipulation
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alone was probably not strong enough to influence the ratings. However, we found sufficient evidence
for higher scores in Trust and Competence in the Trust Promoted group after the introductory drive. In
the trust measurement after the experimental drive, participants reported equal trust levels for all trust
scales. It seems that trust has been calibrated by experience for both groups and the initial introductory
information has had no impact on trust ratings anymore.

To record the allocation of attention between an NDRT and the traffic situation, we implemented
interim experimental stages (Interim 1-3) preliminary to each situation in which the participants should
engage in an NDRT. We consistently found the same gaze patterns in all three interim stages with
slightly varying strength of the relationships: With increasing trust, participants looked at the NDRT for
a longer time (r =.34 to .35) and looked at the road and instrument cluster for less time
(r = —.33to —.42) and fewer times (r = —.40 to —.44). This relationship was also found on the group
level, i.e. the Trust Promoted group looked at the NDRT for a longer time, while having a lower glance
frequency and glance percentage on the road and instrument cluster. Contrary to a previous study (Gold,
Korber, Hohenberger, Lechner, & Bengler, 2015), participants with higher trust scanned the environ-
ment less. This relationship could not be found regarding the difference between both groups except in
Interim 2. Thus, individual trust does not completely determined by prior information but both the initial
trust level and the change in trust level by prior information depend on stable individual differences in
the propensity to trust automated systems (Lee & See, 2004). Accordingly, Merritt and Ilgen (2008)
found that a user’s individual perception of automation is not completely determined by the actual ma-
chine characteristics but also depends on the individual user’s propensity to trust machines.

We implemented two situations (Situation 1 and 3) that were solved by the automated driving system
but a take-over was a reasonable action if one did not trust the system. In Situation 1, ten participants
(50 %) of the Trust Lowered group compared to four participants of the Trust Promoted group (20 %)
intervened, i.e. distrusted and did not rely on the automated driving system. The participants who inter-
vened differed moderately from non-intervening participants in their reported trust. The sample size was
too small to conclusively evaluate if there is a small correlation between reported trust and headway
distance at intervention. In Situation 3, the odds to intervene of participants in the Trust Lowered group
were five times higher than participants in the Trust Promoted group: ten participants (65 %) of the
Trust Lowered group compared to four participants (30 %) intervened. Participants who intervened also
had reported moderately higher trust scores, but no relationship between trust and time of intervention
was found. Hence, the trust influencing prior information did not only influence subjective trust ratings
but also reliance on the automated driving system as the Trust lowered group relied less on the automated
driving system.

Situation 2 represented a critical take-over situation, in which participants had to intervene to avoid
a collision. Six participants in the Trust Promoted group compared to zero participants in the Trust
Lowered group collided with the obstacle. Participants who collided also reported higher trust scores
with a large difference to non-colliders. Regarding take-over performance, as expected, participants of
the Trust Promoted group took 1154 ms longer to take-over vehicle control compared to the Trust Low-
ered group. Regarding take-over quality, there was also strong evidence for a difference in minTTC of
933 ms, i.e. participants of the Trust Promoted group executed a more critical take-over maneuver.
Higher reported trust was associated with a higher TOT and a lower minTTC. We found slight evidence
for higher minimum longitudinal accelerations in the Trust Lowered group, however, no participant was
involved in a collision in this group. We found no difference in maximum lateral accelerations.

4.1. Conclusion

We found that trust levels influence the interaction with an automated driving system when an NDRT
is present. As expected, participants reporting a higher level of trust spent less time looking at both the
road and the instrument cluster, and more time looking at the NDRT. Beyond this, we demonstrated that
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the level of trust also influences behavioral outcomes. Participants reporting lower trust levels were
more likely to mistrust the automated driving system and to intervene in Situation 1 and 3. Also, a higher
trust level was related to a higher number of collisions, a higher take-over time and a lower minTTC in
the obligatory take-over situation (Situation 2). We furthermore demonstrated that prior information
influences the reported trust in automation and subsequently the reliance on the automated driving sys-
tem. Consistent with reported trust, participants in the Trust Promoted group spent less time looking at
both the road and the instrument cluster, and more time looking at the NDRT. In the critical take-over
situation, Situation 2, the mean TOT was extended by 1154 ms and mean minTTC was 933 ms lower in
the Trust Promoted group. The collision of six participants in the Trust Promoted group compared to
zero participants in the Trust Lowered group highlights the safety-relevance of the deterioration of take-
over performance caused by over-trust. In conclusion, we demonstrated that the individual trust level
influences how much drivers monitor the environment while being engaged with an NDRT. The provi-
sion of prior information influences this trust level, reliance on an automated driving system, and also
if a critical take-over situation can be successfully solved. The results hereby empirically confirm the
theoretical predictions and transfer the knowledge on individual differences in the interaction with au-
tomation to the field of conditional automated driving.

4.2. Limitations

The results of this study have certain limitations in their evidential value and potential for generalization.
The study was conducted in a driving simulator because of the given risk of collisions and injuries. It is
conceivable, therefore, that participants may have behaved in a riskier manner in this setup because of
the lack of consequences. We conducted the experiment in a high fidelity mockup with a realistic sce-
nario for the deployment of driving automation and therefore believe that participants’ immersion was
sufficient to ensure realistic behavior. The sample size of 40 participants in this experiment was small.
Since our results are in accordance with previous results, we believe that our conclusions are nonetheless
valid, however, we recommend a large sample size for a more exact parameter estimation and for future
confirmatory work. Also, since age has been shown to be relevant for trust in automation (Gold et al.,
2015; Wiegmann, McCarley, Kramer, & Wickens, 2006), a more diverse sample regarding age should
be chosen. The measurement of trust by questionnaires and its relationship to behavioral measures has
yet to be investigated psychometrically in further detail. Additional work in this area might result in the
confirmation of stronger relationships. To reduce measurement error further, a different eye tracking
system than Dikablis should be used, which seems to provide data in insufficient accuracy in certain
situations (Hergeth et al., 2016). For example, the correlations regarding monitoring are stronger and
more consistent than the correlations regarding the NDRT because the AOI for monitoring was easier
to detect. A different eye tracking system could increase the amount and consistency of the evidence we
found for the hypotheses in this study.

4.3. Practical application and future work

Since six participants of the Trust Promoted group compared to zero of the Trust Lowered group collided
with the obstacle, the results show the safety benefits of appropriately calibrated trust. Because prior
information material systematically influenced participants’ trust in automation in this study, car man-
ufacturers should carefully consider how they introduce an automated driving system to customers. A
focus on the automated driving system’s competence without an appropriate elaboration of its limita-
tions might lead to miscalibrated trust, at least with little further experience. The aforementioned Tesla
accident showed that albeit all necessary information on Tesla’s Autopilot was provided by the com-
pany, dramatic overreliance ensued (Office of Defects Investigations, 2017). At the same time, partici-
pants of the Trust lowered group showed signs of automation disuse by their unnecessary intervention.

18



Future users of automated vehicles will not be experts but laypersons without in-depth knowledge of the
driving automation (Walker et al., 2016). Hence, they will at the beginning build themselves a mental
model of its functioning based on either information provided with the system or interactions with it
(Naujoks & Totzke, 2014). Beggiato, Pereira, Petzoldt, and Krems (2015) pointed out that a correct
mental model of the functioning and limits of an automated driving system are crucial for the transfer
and application of knowledge in different traffic situations. Without correct and comprehensible feed-
back, an incorrect mental model might be constructed (Christofferson & Woods, 2002). Customer-tai-
lored training and information material to introduce automated driving have to be developed to appro-
priately calibrate trust and to mitigate the negative effects of automation failure, especially in the event
of the first failure that occurs (Wickens & Xu, 2002). Such a training should emphasize how particular
situations interact with the characteristics of the automated driving system to influence its capability to
solve a situation (Lee & See, 2004). A driver training also should explain the system’s behavior, point
out invisible limitations, and explain the driving automation’s functioning. Drivers could be encouraged
to think aloud in such a training to disclose any flaws in their mental model. Beyond this, a calibration
of trust by visualizing the automated driving system’s confidence could continue to ensure appropriate
reliance in long-term use. This information may be provided by a color-coded visual scale, anthropo-
morphic symbols or emoticons in either the instrument cluster or a head-up display (Beller et al., 2013;
Helldin et al., 2013; Seppelt & Lee, 2007). A human-machine interface (HMI) could also by request
give a verbal or visual explanation of a system limit directly after its occurrence to promote the under-
standing of the automated driving system’s intentions, limits, and actions. Future research could focus
on the optimal communication of the automated driving system’s status and intentions in an informative
way without being distractive or annoying. It may furthermore be possible to implement a gamification
approach and to apply typical game-design elements for the purpose of forming behavior (Robson,
Plangger, Kietzmann, McCarthy, & Pitt, 2015).
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