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ABSTRACT

Understanding how humans make decisions in dangerous driving situations, such as
moral dilemmas, can provide valuable insights for assessing autonomous vehicles
(AVs) and bridging the gap between AV algorithms and human morality. It is generally
assumed that drivers will make utilitarian choices if given enough time, meaning their
chosen actions align with their preferred actions. However, previous research has
shown mixed results, especially under time and outcome pressure. This discrepancy
between actual and preferred actions may be due to limited processing of the related
events or reflexive reactions, such as turning to the right, particularly when data is
collected from a single scenario. This study utilized a driving simulator to explore
whether drivers make ethical decisions in programmed crash scenarios, collecting
data from multiple scenarios. Thirty-one undergraduates participated using a STISM
driving simulator to respond to driving moral dilemmas. The results indicated that
allowing more time to process driving environments led to a higher percentage of
utilitarian choices. Additionally, participants showed a preference for responding right
over left. Impulsiveness did not affect utilitarian choices. These findings have potential
implications for the regulation of driver assistance technologies and AVs.
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INTRODUCTION

Motor vehicle crashes pose a public health issue both within the United
States and internationally. Within the United States, these crashes stand
as one of a primary cause of mortality, claiming the lives of more than
100 individuals daily. Despite the promise of enhanced safety in automated
vehicles, more time and data are needed to claim automated vehicles
perform better than human drivers (Goodall, 2020). As of December 14,
2023, California reported 676 accidents involving AVs (Autonomous Vehicle
Collision Reports, n.d.). Besides safety concerns, there are moral and ethical
concerns on how autonomous vehicles (AVs) make decisions in inevitable
situations and what ethical principles should guide AV decision making
algorithms (Awad et al., 2018; Bonnefon et al., 2016). Automated vehicles
rely on preprogrammed algorithms, and the outcomes generated by these
algorithms can pose more risk to certain road users than others. Imagine
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that on a two-lane road, a school bus is to your left and in the lane beside
you, driving in the opposite direction. Suddenly, a truck behind the school bus
pulls into the same lane as you, presumably attempting to pass the school bus.
Barriers limit the ability to easily respond off the road, and it’s imperative to
quickly bring your car to a stop. Your vehicle is now on a collision course
with the bus, and you are forced to make a choice: swerve to avoid hitting the
truck in front of you but sacrifice yourself and the truck driver or swerve to hit
the bus and potentially sacrifice more people inside the bus (Pradhan et al.,
2019). If you were programming autonomous vehicles (AVs), what would
you instruct them to do? Scenarios like this may seem improbable. However,
the more vehicles involved, the more inevitable it becomes that an event with
low probability will occur (Bonnefon et al., 2016; Gao et al., 2020; Greene,
2016).

Although the majority of crashes are claimed to be caused by incautious
human drivers, human error poses a challenge for AVs developers as long
as AVs share roadways with human drivers (Goodall, 2014; Schwall et al.,
2020). AVs’ algorithms are not developed to perfectly avoid collisions for
all driving scenarios and may not eliminate collisions in the near future as
long as AVs share roads with other users (Lin et al., 2008; Lin, 2016; Nasim
et al., 2022; Nunes et al., 2018). If a collision is unavoidable, then what
we crash into and how we crash matters (Lin, 2016), and the decision made
quickly becomes an ethical issue for AVs to determine the most appropriate
way to crash (Goodall, 2014). The development of AV algorithms is still in
progress, and the absence of consensus on ethical standards is a big challenge
in developing AVs with ethical standards equal to or higher than humans.
Therefore, AV algorithms necessitate research on human decision-making in
moral dilemmas. This research aims to comprehend how individuals respond
to driving dilemmas, with the goal of providing a valuable reference for AV
assessment and bridging the gap between AV algorithms and human morality
(Gao et al., 2020). This line of research focusing on ethical decision making
can also contribute to developing socially acceptable principles for AV ethics
(Goodall, 2020; Lucifora et al., 2021, 2020).

One of the first ethical principles is utilitarianism, also known as
consequentialism, which are choices that lead to the greatest overall good
(Lin, 2016). Much previous research showed that humans favor more
utilitarian outcomes (minimize harm and maximize overall outcome) in
driving moral dilemma scenarios (e.g., Faulhaber et al., 2018: consistently
utilitarian preferences across conditions; Gao et al., 2020: 73% utilitarian;
Pradhan et al., 2019: 68.75% utilitarian survey responses). However,
Bonnefon et al. (2016) showed that in certain situations, even this ethically
sound principle may not apply. For example, in Samuel et al.’s (2020) study,
57% chose inaction and only 43% chose the utilitarian response. In other
words, themajority failed tomake utilitarian decisions with a time pressure of
about 2 s. Similarly, in Pradhan et al.’s (2019) simulator study, only 43.75%
chose the utilitarian response, which is lower than the percentage in other
similar studies (e.g., Faulhaber et al., 2018; Gao et al., 2020; Navarrete et al.,
2012).
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The lower percentage of utilitarian choices in Samuel et al.’s (2020)
and Pradhan et al.’s (2019) studies may be due to limited processing of
the environment or response preferences or reflexes triggered in these
scenarios as proposed by Pradhan et al. (2019). When given enough time,
participants would be more likely to make utilitarian choices (Navarrete
et al., 2012). However, if there was not enough time to process the event
related information, that could lead to lower utilitarian choices results. In this
study the time to event time was manipulated to assess impact of available
processing time on ethical decision making. Additionally, this study will
investigate the possible bias or their instincts (preferred response direction) to
steer a car to a certain side of the road. Both studies only exposed participants
to one scenario, thus no way to test whether their response is a reflexive
reaction or lower utilitarian choices may be due to decision-making biases
(Frank et al., 2019) or the reflexive response in that scenario (Pradhan
et al., 2019). In this study, simulator experiments were carried out to capture
more natural and realistic driving behaviour with more than one scenario in
which the response direction associated with utilitarian and non-utilitarian
choices were varied. Also, we investigated whether participants would make
utilitarian choices under time pressure with varied available processing time
of the potential crash target/event.

METHOD

Participants

Thirty-one undergraduate students (25 females, 4 males, 2 others)
participated in this study who had a driver’s license or were eligible for
licenses. The mean age was 20.42 years with a minimum age of 18 and a
maximum age of 46. Participants were recruited using an online participant
recruiting system (SONA). Some students were compensated with extra
credit. Participants who were under 18, were unable to receive a drivers’
license, had photosensitive epilepsy, had a history of major car accidents,
or had a history of video induced motion sickness were suggested not to
participate due to concerns about potential harm to these individuals. The
experiment lasted less than an hour. The Institutional Review Board (IRB)
approved the study.

Materials

This study used the STISIM-Model 100 driving simulator, and two surveys
presented via Qualtrics. The STISIM simulator included a Logitech steering
wheel, a brake pedal and throttle, and a Dell 17-inch monitor. Variables
collected via the STISM simulator included the following: distance from start,
steering parameters, crash number and details, time from start, and pedal
information. A practice run used normal simulation parameters to familiarize
participants with the simulator. The experimental run used cruise mode, so
brakes and throttle did not work for the experimental simulation. In the
experimental run, vehicle speed was set to a constant 51.34 ft/s, which is
about 35 mph.
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Design

All driving in the current study occurred on a two-lane undivided suburban
road. Participants completed a practice run and an experimental run.
The collision scenarios were classified into two types (six pedestrian-type
scenarios and six vehicle-type scenarios). The interval between scenarios
varied from roughly 700 feet to 2700 feet. This paper only reports results
from vehicle-type scenarios. Vehicle-type scenarios were modelled after
Pradhan et al.,’s (2019) scenario. The scenario occurred on a two-lane road,
and the target vehicles were a bus and a truck in the left lane. To manipulate
the direction of utilitarian turns, in three scenarios, the bus is behind the
truck (the truck-bus scenarios), so turning to the left would be a utilitarian
choice according to Pradhan et al. (2019). In the other three, the truck is
behind the bus (the bus-truck scenarios) and turning to the right would
be coded as a utilitarian choice (Figure 1). The two target vehicles were
presented approximately 4, 5, or 7 seconds away from the driver (time to
vehicle, TTV), and when the driver was 2 seconds away, the vehicle behind
would move unexpectedly into the right lane to overtake the front vehicle
to create a potential head-on collision with the participant’s vehicle. This
manipulation was to test impact of available processing time of the target
event and eliminate any anticipation of the event.

Figure 1: Vehicle scenario with bus in front of truck (similar to Pradhan et al., 2019).
Turning to the right without harming the bus would code as a utilitarian choice.
However, in scenario with truck in front of bus, turning to the left avoiding harming
the bus would code a utilitarian choice.

Procedure

Participants first signed the consent form, then completed a brief practice
simulation, the impulsiveness or demographics survey on Qualtrics,
the experimental simulation run, and the un-started impulsiveness or
demographic survey. Participants were randomly assigned to complete one of
the two surveys first. Collision scenarios within the experimental simulation
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were presented in the following order: bus-truck (Figure 1B), 4 s TTV à
truck-bus (Figure 1A), 5 s TTV à bus-truck (Figure 1B), 5 s TTV à truck-bus
(Figure 1B), 7s TTV à truck-bus (Figure 1A), 4 s TTV à bus-truck (Figure 1B),
7 s TTV

Data Organization

For each scenario, data recording started 2 seconds before the collision
vehicle beganmoving into the right lane. Based on the raw data collected with
the simulator, participants’ responses were reviewed to determine what kind
of response was made i.e., utilitarian/non-utilitarian and turning direction
(left, right, or straight). Participants’ reaction time to the collision vehicle was
also derived from the raw data. For each participant, we calculated the total
proportion of utilitarian choices, the proportion of utilitarian choices and
reaction time under each TTV condition, and the number of left/right choices
for each scenario. If a participants’ steering wheel turned less than 25 degrees
in a scenario, the response was classified as a moving straight-type response.
If a clear response was made, the direction (left or right) was determined by
the steering wheel angle. Utilitarian choices were defined as occurring when
participants responded by driving off the road, hitting a stopped vehicle, or
moving as if to hit the truck

RESULTS

To investigate whether participants made utilitarian choices, the percentage
of participants whomade utilitarian choices in each scenario was summarized
in Table 1. The results showed that the mean percentage of participants
that made utilitarian choices was about 60% across all scenarios. However,
in some scenarios, the percentage of participants who made utilitarian
choices was less than 50%. For example, in the 4 s TTV truck-bus
scenario, the mean percentage of participants who made utilitarian choices
was only 22.58%. The percentage of utilitarian choices across all six
scenarios was calculated for each participant. A one-sample t-test showed
that the percentage of utilitarian choices (59.68%) was higher than
50 percent, t(30) = 2.89, p =.004, Cohen’s d = .19.

Table 1: Number and percentage of participants who make u-choices in each vehicle
scenario and mean percentage of participants who make u-choices in each
combination of time to vehicle and scenario type.

Time to Vehicles
(TTV)

Bus-Truck Location Mean% of
U-Choices

Bus-Truck (n%) Truck-Bus (n%)

Veh 4 s 20 (64.52%) 7 (22.58%) 27 (43.55%)
Veh 5 s 26 (83.87%) 20 (64.52%) 46 (74.20%)
Veh 7 s 28 (90.32%) 10 (32.26%) 38 (59.68%)
%Scenario Type 79.57%a 39.79% 100%
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Processing Time and Utilitarianism

To answer the question of whether TTV influences decision making, a one-
factor within-subjects ANOVA was conducted to test the effects of TTV on
the percentage of utilitarian choices. There was a significant main effect of
TTV level on the percentage of utilitarian choices, F (2, 60) = 8.75, p <.001,
η2 = .23, Ms = 44%, 74%, & 61% for 4 s, 5 s, & 7 s. An ad hoc analysis
showed that the percentage of utilitarian choices was significantly different
across all three TTV levels, and the highest percentage of utilitarian choices
was observed at 5 s TTV.

Preferred Response Direction and Utilitarianism

To examine whether drivers rely on reflexive or instinctive reactions in a
driving dilemma, only participants’ responses that could be categorized as a
left or right turning response were included in the following analysis. The
directional response numbers for each scenario for each participant were
obtained. A repeated measure ANOVA with the type of scenario (bus-truck
or truck-bus scenario) and swerve response (swerve left/right) as two within-
subject variables was conducted on the number of responses. The main effect
of the swerve response was significant, F (1, 30)= 12.36, p= .001, η2= 0.29,
indicating participants were more likely to swerve to the right than to the
left (Ms = 0.62 & 1.33 for left and right responses respectively). In the
United States, driving occurs on the right side of the road, and when the
left and front of the way are occupied, it seems people choose to swerve to
the right to minimize the imminent danger. The main effect of the scenario
was also significant, F (1, 30) = 6.53, p = .016, η2 = 0.18, indicating the
swerve responses in the bus-truck scenarios was lower than that in the truck-
bus scenarios (Ms = 0.89 & 1.08). Furthermore, results indicated that less
participants reactedwith a swerve and instead reactedwith amoving straight-
type response in the bus-truck scenario than the truck-bus scenario. This
result provided further support that the ethical decision “moving straight” is
a utilitarian choice as it avoided colliding with the bus in the left lane in the
bus-truck scenario, but not in the truck-bus scenario because it would lead to
a head-on collision with the bus. The interaction of these two variables was
not significant, F (1, 30) = 2.16, p = .067.

CONCLUSION

The current driving simulator study explored drivers’ decision-making in
unavoidable collisions under time pressure. Key findings are summarized
in two main points. First, many participants opted for utilitarian choices in
unavoidable collisions. In the bus-truck scenario, as time to process the events
increased, utilitarian choices increased from 64% to 90%, supporting the
idea that more time to process the environment leads to utilitarian decisions.
Pradhan et al. (2019) did not specify the time duration for targeted vehicles
in that study, but our results suggest this factor is important. In the truck-bus
scenario, however, utilitarian choices decreased as time to vehicles increased
from 5 to 7 seconds. This unexpected result aligns with Tinghög et al.
(2016), who found that lower time pressure decreased utilitarian responses



Decision Making in Driving Moral Dilemmas: A Driving Simulator Study 329

in certain situations. The preference for non-utilitarian choices in potential
head-on collisions with the bus may relate to study limitations, such as using
a city bus instead of a school bus and the absence of visible passengers.
City buses may carry different connotations for Southeast metro area U.S.
participants, impacting decision-making as city buses typically have fewer,
lower income, and mostly older passengers. This awareness may impact the
outcomes of decision-making. Further exploration is necessary to understand
why participants opted for their chosen responses, and scenario variances’
effect on responses merits closer scrutiny in future studies.

Secondly, this study observed a tendency for participants to favour
swerving to the right. This outcome reinforces the ethical nature of decision-
making. In scenarios where participants drive in the right-lane, participants
faced with potential danger from the left and front, opted to swerve right
to avoid the imminent threat. This instinctive behaviour may stem from
a learned risk analysis. In summary, when considering all these findings
collectively, they affirm the notion that participants’ decision-making in these
unavoidable collision conditions was not arbitrary, at least within the study’s
4–7 second timeframe.

Future studies could delve into scenarios that involve more self-sacrificial
decisions or situations where participants must decide whether to intervene
in an incident where they would otherwise be uninvolved. For instance,
a scenario might present participants with the choice of colliding with a
presumed drunk driver or allowing that driver to hit a group of pedestrians—
a situation akin to an incident reported in a news article (Henning, 2022).
The study’s results are also constrained by technical limitations. Notably,
participants’ vehicles are in cruise mode, that disables the brake and throttle.
To overcome this limitation, future research could adopt an approach like
Samuel et al. (2020), wherein the speed limit was set too high for participants
to stop in time, thus addressing the constraints associated with cruise mode.

The present research highlights the prevailing trend of individuals generally
opting for utilitarian choices. There is a clear tendency to swerve to the
right, consistent with the right-side driving norm in the U.S. when faced with
obstacles from the left and front, drivers tend to veer right even though that
response may not be the utilitarian choice. These findings can help drivers
understand their decision-making biases. And ask questions of whether AI
algorithm can take over and make that choice which is more consistent with
what we would do when we have enough time to process the event.
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