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ABSTRACT

The driver-vehicle cooperation approach doesn’t require highly automated vehicle
(HAV) drivers to conduct manually when the system reaches its operational boun-
dary. Instead, it provides drivers with a maneuver request, which will be executed
by the HAV if approved by the driver. We implemented the cooperative approach in
this driving simulator study (N = 27). We proposed a Sneak Peek function that allows
drivers to alter the vehicle’s lateral position. Moreover, we evaluated the driver-vehicle
interaction using a natural habituated interface (steering wheel) vs. touchscreen. We
found that the drivers used the Sneak Peek function and helped them decide when
their vision was obstructed. Moreover, we found that drivers overall prefer to interact
with the habituated interface.

Keywords: Driver-vehicle cooperation, Interface, Automated driving, Habituated interface,
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INTRODUCTION

Human error is responsible for most traffic accidents. Car automation promi-
ses to reduce human error and lead to safer and more efficient transportation.
However, until cars can operate fully autonomously (level 5 according to SAE
International, 2021), the human driver will be required to take over control
occasionally. Such situations can occur when the autonomous vehicle (AV)
reaches its operational boundary or due to inadequate detection of other
road users caused by sensors that are not working correctly. Manual take-
overs (TORs) are proposed to be a way to handle these situations on SAE
level 3 automation. This approach requires the driver to act as a fallback
AV operator and manually take over control when necessary. This approach,
however, creates potentially dangerous situations. It expects drivers to be pre-
pared to take over control even though they can be involved in non-driving
tasks and therefore do not precisely understand the traffic situation.

This issue could be overcome by implementing a driver-vehicle coope-
ration approach. In this approach, drivers could only select or approve a
maneuver proposed by the AV system. The autonomous system would, after
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that, perform the desired maneuver. This approach combines the precision
of highly advanced sensors with the complexity of human cognition and
decision-making. It appears to be a promising way to overcome challenges
connected to the transformation from partially automated vehicles to highly
automated vehicles. It could further reduce the possibility of human error,
increase safety, efficiency, and driving comfort.

RELATED WORK

Manual take-overs show some problems on system boundaries because
drivers can become disengaged from the traffic situation during highly auto-
mated driving. The disengagement leads to a loss of situational awareness
(Endsley, 1995), and drivers may get “out-of-the-loop” with insufficient
information to take over the driving task again (e.g., Joost et al., 2014; Merat
et al., 2019; Morgan et al., 2016). As a result, manual take-overs may result
in drivers exhibiting less safety-critical behavior, such as a minor headway
to other cars (Brandenberg, 2014) and shaky lateral control (Merat et al.,
2014).

Driver-vehicle cooperation is an alternative approach to the manual take-
over by the driver. If the automated vehicle reaches a system boundary and
cannot execute the driving task on its own, it can provide drivers with a
maneuver request. The driver can approve or reject this request based on a
set of finite options (Winner&Hakuli, 2006). Suchmaneuver requests can be
authorized by the driver, in which case the HAV will conduct the maneuver,
or they can be ignored by the driver, in which case the HAV will continue to
drive in its current state (e.g., Pichen et al., 2019; Walch et al. 2019). This
approach is non-critical because an action from the driver only leads to higher
efficiency.

To avoid potential collisions with passing traffic or other road users, HAVs
are typically configured to stay in the center of a lane with a predetermined
lateral position to the center of the road. While driving in manual mode,
people tend to approach the lane divider to decide whether it is safe to over-
take (Deppermann et al., 2018). Another approach would be implementing a
‘Sneak Peek’ function, which allows the human driver to alter the lateral posi-
tion of the HAV while deciding about the overtake. The lateral adjustment
could help drivers when the LV limits their view of the oncoming traffic or
the whole situation.

The cooperative driver-vehicle interaction has shown to be feasible and
comfortable in non-critical situations (Pichen et al., 2021; Walch et al., 2016;
Walch et al., 2019) and can increase driving efficiency. Furthermore, as the
driver is not required to conduct the vehicle manually, it overcomes the hin-
dered manual driving skills resulting from long-term exposure to automation
(Parasuraman et al., 2000).

METHOD

Study design

We conducted an experiment in a fix-based, highly-immersive driving simula-
tor with a 190° field of view. Participants operated a level 4 automated vehicle
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Figure 1: The three positions of the LV.

(SAE International, 2021), traveling on a two-lane rural road with mild onco-
ming traffic. The velocity of the ego vehicle was set at 100 km/h. Two different
interfaces were implemented to interact with the autonomous system: the
natural habituated interface (HI) and a touchscreen interface (TI). Partici-
pants experienced nine scenarios per interface in which they approached a
slow-moving lead vehicle (LV) driving at 70 km/h. The LV (Mercedes-Benz
Sprinter Van) was positioned in front of the ego car and obstructed the view
to the road ahead. The position of the lead vehicle was alternated in three
different positions (left, center, and right of the lane).

When the ego vehicle reached the slow-moving LV, participants were offe-
red an overtaking maneuver. Accepting this proposal led to an overtake.
When participants ignored the proposal, the ego vehicle followed the LV,
which turned left at the following intersection. Participants could use the
Sneak-Peek function to adjust the lateral position of the ego vehicle and
obtain better visual information about the traffic situation ahead. Parti-
cipants experienced each of the three LV positions three times. We used
a within-subject design and counterbalanced the order of the LV position
between participants. We also counterbalanced the order in which order
participants experienced the interface.

Interfaces

The two interfaces used in this study are a touchscreen interface (TI), which is
widely used in nowadays cars (Pfleging et al., 2016), and a natural habituated
interface (HI) which is based on the interaction that is learned and habituated
while conducting a vehicle manually (Pichen et al., 2019). When the vehicle
tried to cooperate with the driver, a 17-inch touchscreen in the central console
of the car showed the option to use the Sneak Peek function with a slider and
a button to initiate the overtake (see Fig. 2) when the driver reassured that it
is safe to do so.

The HI was implemented using the steering wheel to change the lateral
position of the car to the left and right, as drivers would do it while con-
ducting the vehicle manually. The Sneak Peek function was bounded so the
vehicle would not cross the dividing lines. These boundaries were commu-
nicated by haptic feedback on the steering wheel. To initiate the overtaking
maneuver with the HI, participants had to press the indicator to the left.
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Figure 2: The touchscreen interface (left) and the symbolic representation of the natural
habituated interface (right).

Participants

We recruited 27 participants (12 men, age M = 25.0 years, SD = 3.2). The
inclusion criteria were fluency in the German language, a valid driver’s license
in Germany, and prior driving experience in Germany. The experiment took
between 60 and 75 minutes to complete. Participants were compensated for
their time with 10-12 euros, depending on the time spent in the driving simu-
lator. All participants provided written informed consent before participating
in the experiment. The experimental procedure was performed in accordance
with Helsinki’s Declaration and approved by the local Ethics Committee of
Ulm University.

Material

To examine the Sneak Peek function usage, all relevant simulator data was
logged with a rate of 50Hz. This data included, for example, the lateral
and longitudinal position, the distance to the lead vehicle, or the time when
participants initiated the overtake. Eye-tracking data was measured using a
SmartEye system. Finally, the ratio of fixation on the oncoming road from the
moment of a cooperation request to the initiation of the overtaking maneu-
ver was calculated to compare the safety assurance behavior between the two
interfaces.

Other dependent variables were measured using self-report questionnai-
res. These questionnaires included usability, acceptance, and trust towards
the system. Usability was measured using a German translated version of
the System Usability Scale (SUS; Brooke, 1996). Acceptance was measured
using the Car Technology Acceptance Model (CTAM; Osswald et al., 2012).
Trust was measured using the Trust in Automation Quesstionaire by Körber
(2018). After the experiment, a short semi-structured interview was condu-
cted by the researcher. Participants could comment on the interfaces and
should tell their preference for the interface to (a) use the Sneak Peek function,
(b) approve the maneuver, and (c) their overall preference.
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Procedure

Participants were asked to fill out an online demographic questionnaire
before the experiment.When participants arrived at the laboratory, they were
trained to operate the driving simulator. The familiarization took approxima-
tely five minutes, and participants were introduced to the driving scenarios,
the Sneak Peek function, and the usage of both interfaces.

Participants experienced nine scenarios per interface in which they appro-
ached a slow-moving lead vehicle (LV) driving at 70 km/h while they appro-
ached the LV with a velocity of 100 km/h. The position of the LV was either
right, the center, or left of the lane, which changed how obstructed the view
from the ego-vehicle was. At a distance of 45 meters from the LV, the HAV
suggested an overtaking maneuver. Participants could (a) approve the over-
take request straight away, (b) adjust their lateral position using the Sneak
Peek function prior to deciding whether to accept the requested maneuver,
(c) continue slowly following the LV. They started with one of the two inter-
faces to drive through the approximately 10min long track. After the first
track, participants filled in a subjective rating questionnaire about the inter-
face. After the questionnaire, the other interface was explained to them, and
the participants drove through the same course. Again, the position of the
LV was counterbalanced. After the second ride, participants had to fill in the
subject questionnaire again and then were asked to do a final comparing eva-
luation of both interfaces in the form of a questionnaire and a semi-structured
interview.

RESULTS

In total, participants accepted 97.7% of overtake requests. The Sneak Peek
functionwas used in 83.1%of trials.We found a significant association betw-
een the LV lateral position and the Sneak Peek usage (X2 (2, 486) = 65.69,
p < .01). Participants used the Sneak Peek significantly less when the LV was
positioned on the right of the lane (63.6%) than when it was in the center
(93.8%) or left (92.0%) of the lane.Moreover, the duration of the Sneak Peek
was longer when the LV was positioned to the left side of the lane (M = 9.6,
SD = 10.0) than on the right side of the lane (M = 6.0, SD = 6.4), (F(2,
399) = 5.21, p < .05). There was no significant interaction between the Sneak
Peek usage and the interfaces (X2 (1, 486) = .809, p = .452). Furthermore,
higher visual obstruction caused by the LV on the left side of the lane leads
to a greater lateral position adjustment (F(2, 444) = 19.044, p < .01). This
implies that when the LV was positioned to the left of the lane, participants
moved the lateral distance of the EV further to the left.

Because the data was not normally distributed, the approval times of
an overtaking request were compared between the two interfaces using a
Wilcoxon signed-rank test. Participants took significantly longer to approve
overtake requests in the TI condition (M = 14.31 s, SD = 10.24) than in the
HI condition (M = 6.86 s, SD = 4.33), Z = 9.03, p < .001. There were five
accidents with the oncoming vehicles (OVs) in total. To compare the safety
assurance behavior, a paired samples t-test showed a significant difference
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between the TI condition (M = 76.83%, SD = 6.81) and the HI condition
(M = 97.05%, SD = 3.88), t(21)= 9.943, p < .001.

Both the TI and HI interface received a usability score over 70, which is
considered rather high (Bangor et al., 2009). There was a significant diffe-
rence found in the scores for HI (M= 87.7, SD = 10.23) and TI condition
(M = 80.3, SD = 11.97), t(25) = -2.953, p = .007. No significant differe-
nce in acceptance was found between HI (M = 80.04, SD =12.4) and TI
(M=78.2, SD = 12.07) condition, t(27)=0.61, p = .546. There was no signi-
ficant difference in trust for HI (M= 85.923, SD= 12.294) and TI condition
(M = 83.333, SD = 12.982) condition t(27)= 1.12, p = 0.274.

The analysis of the post-experiment semi-structured interviews showed
that all participants considered the Sneak Peek function to be a helpful tool
to decide whether to accept the proposed maneuver. Participants preferred
to execute the Sneak Peek using the HI (n = 19) and approve the maneuver
using the button on the TI (n = 15). Overall, participants preferred the HI
(n = 19) over the TI (n = 4). Four participants had no preference. We found
this difference to be significant using the binomial test for a single proportion
(p < 0.001).

When evaluating the interfaces, participants mainly described the HI as
less visually demanding. The HI felt more familiar, and they perceived more
control over the vehicle than using the TI because they “did not need to look
at the wheel to use it”. Contrary, the TI was evaluated as visually demanding.
Participants did not like to “take their eyes off the street”. Nevertheless, they
preferred the TI to approve the maneouvre, because “it was easier to press a
button on the screen than to use the blinker” or because “the blinker already
has a different function while driving”.

DISCUSSION

Following recommendations from previous research (Pichen et al. 2021;
Walch et al. 2019), as well as observations from naturalistic driving studies
(Deppermann, 2018; Mocsári in 2009; Wilson & Best, 1982), we predicted
that during SAE level 4 automation, drivers would use a cooperative function
which we called the ‘Sneak Peek’. This function allows the driver to adjust
the vehicle’s lateral position prior to deciding whether to approve an overtake
request.Moreover, we compared the use of the Sneak Peek function when dri-
vers interacted with two different interface approaches, the often-used touch
screen and the HI the learned while driving a car manually.

The Sneak Peek function was found to be used in 82% of all overta-
king situations, regardless of the condition. Participants used the Sneak Peek
function more when LVs were positioned to the left of the lane, causing more
visual obstruction. They used it less when LVs were positioned to the right
of the lane, causing less visual obstruction. This suggests that the Sneak Peek
function is helpful, especially when the vision is more obstructed, and drivers
don’t need the Sneak Peek function when they have a good visual representa-
tion of the road ahead. This assumption is further supported by the fact that
the Sneak Peek function was not used in 38 out of 177 trials when the LV
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was on the right of the lane, but participants decided to approve the overtake
request in all 38 of those trials.

In addition, when the LVs were positioned left on the lane, the lateral dista-
nce participants set in the Sneak Peek feature was substantially further to the
left, and the duration of time spent in the Sneak Peek function was significan-
tly longer. The aforementioned recognized assumptions support statements
that the position of LVs has a substantial impact on visual obstruction, which
can influence a driver’s conduct before approving an overtaking move and
the requirement to alter the vehicle’s lateral position before overtaking.

Participant replies to interview questions provide additional qualitative
evidence that the Sneak Peek function aided them in deciding to overtake.
For example, when asked “was the Sneak Peek function useful in helping you
decide whether to overtake or not?” all participants approved. Additionally,
25 out of the 27 participants answered that there was a visual advantage,
asking them, “what was your reasoning for using the Sneak Peek function?”.
Such resounding responses imply that the Sneak Peek function was helpful
and helped participants decide whether to overtake.

Lastly, the finding that wrong overtakes were so rare, with only five
overtake requests approved resulting in an OV having to decelerate or in
a collision, backs up previous findings that cooperative interaction with the
driver is promising (Walch et al., 2016) because it can be said that drivers
acted responsibly by performing the Sneak Peek and checking for OVs when
requesting a maneuver that is then executed by the autonomous system. It
can also be claimed that because Sneak Peek usage was high across all trials,
the Sneak Peek capability can help to lessen the likelihood of a crash.

Even though the Usability of the HI was significantly higher, participants
liked the way of initiating the overtake in the TI condition more. This leads to
the assumption that the implementation of the habituated interaction should
be revised and improved. There were practical implications to refactor the
design of both interfaces throughout the interview in the end, which have to
be further examined in future studies.

CONCLUSION

The Sneak Peek function is a feasible interaction concept. It helps drivers
decide whether to accept overtake requests proposed by a highly automated
vehicle. It is especially useful when the driver’s vision is obstructed by a lead
vehicle. Moreover, we found that drivers prefer to interact with a habituated
interface (steering wheel) over a touchscreen interface. Our findings should
be considered in the future design of partially automated vehicle interfaces
to make a cooperative driver-vehicle interaction possible and increase drivers
safety.
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