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Many situations require decisions to be made in very little time—in emergency or

accident situations such decisions will carry potentially harmful consequences. Can we

predict how people react in such situations from their personality traits alone? Since

experimental tests of accident situations are not possible in the real world, existing studies

usually employ text-based surveys or post-situation assessments, making predictions

and generalization difficult. In the present study, we used virtual reality to create a more

life-like situation in order to study decision-making under controlled circumstances.

In our experiment, participants trained in an immersive car simulation to complete a

race-course as fast as possible. In the testing phase, pedestrians appeared on the course

without warning, forcing participants to react. The experiment used a one-shot design to

avoid pre-meditation and to test naïve, rapid decision-making. Participants’ reactions

could be classified into two categories: people who tried to brake, and people who

potentially endangered pedestrians by not braking or conducting hazardous evasion

maneuvers. Importantly, this latter group of participants scored significantly higher

on psychopathy-related traits among a set of personality-related factors. Additional

personality factors, as well as age, gender, gaming expertise, and driving experience

did not significantly influence participants’ decision-making. This result was true for both

a Korean sample (N = 94) and an independently-tested German sample (N = 94),

indicating cross-cultural stability of the results. Overall, our results demonstrate that

decision-making in an extreme, simulated accident situation is critically influenced by

personality traits.

Keywords: virtual reality, decision-making, accident situation, personality, psychopathy, driving

INTRODUCTION

Often, one person’s decision decides the fate of many people. This can both have negative
outcomes as in a recent fatal plane crash in France that was initiated by a pilot, as well
as positive outcomes as in a continued broadcasting of warnings during the 2011 tsunami
in Japan that cost two government workers their lives but saved many other peoples’ lives.
Even though some of these decisions are clearly pre-meditated, many difficult decisions have
to be made in very little time and can happen anytime even in every-day life: for example,
a person driving fast with their car, as they are late for an important interview when,
suddenly, a pedestrian appears on the road. In such a situation, several driving actions
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(from riskymaneuvering around the pedestrian to full emergency
braking) are possible, which are potentially triggered by trying
to avoid hurting the pedestrian. What aspects affect decision-
making in such situations? Is it possible to predict from a
personality profile how a person would react in an extreme,
dangerous situation like this?

According to the 2-systems model of social behavior,
behaviors and actions are the consequences of reflective and
impulsive processes (Strack and Deutsch, 2004). For the former,
people perceive situational cues and deliberately decide their
behavior based on their knowledge or experiential values. In
contrast, for the latter, it is posited that people perceive situational
cues and then an automatic association network activates a
behavior with the strongest links. Importantly, this associative
network can be learned and can also be formed by reflective
processes (Johnson and Hirst, 1993). Personality is intertwined
with these two processes as the explicit and implicit self-concepts
that arise from a life-time of experiences (Strack and Deutsch,
2004; Back et al., 2009; Mcadams and Olson, 2010). This means
that in an extreme situation, some people may take a risk
based on explicit or implicit self-concepts derived from life-time
experiences related to general situations. Since both experiences
and acquired concepts are different across individuals, it follows
that personality affects reflective and impulsive processing
and consequently influences decision-making. Although much
research has shown connections between explicit, self-reported
concepts and life outcomes in general (i.e., Vazire and Gosling,
2004), comparatively less is known about the connection
of explicit personality traits and observable behavior with
several previous studies finding clear discrepancies between self-
reported traits and observed actions (West and Jan Brown, 1975;
Todd et al., 2007; Tassy et al., 2013b).

If one wants to study decision-making in extreme situations, it
is clearly not possible to submit participants to accident situations
in real-life. Computer-based experiments and in particular
virtual reality (VR) represent a solution to this problem, as they
provide a realistic and immersive, yet “safe” testing bed. As one
example, in the context of research on fire evacuation, VR has
been shown to provide a safe and controllable environment for
investigating behaviors in critical situations compared to other
research methods (Kinateder et al., 2014). A few studies have
started to investigate decision-making in driving situations using
VR: two car driving simulation studies, for example, found that
people with more traffic violations in the real world drove their
virtual car faster (Schwebel et al., 2006) and braked less heavily
(Stephens and Groeger, 2009). Except for some anxiety traits,
however, no other personality traits were significantly correlated
with virtual driving behavior (Stephens and Groeger, 2009) nor
were these able to predict risky driving in VR (Schwebel et al.,
2006). In the present study, we seek to further investigate the
connection between personality traits and decision-making in an
accident situation using VR.

Importantly, none of the VR studies on simulated driving
have so far clearly linked personality traits with decision-making
of the participants, leaving the question open of how decisions
in a realistic, potentially dangerous situation may be influenced
by personality traits. One of the limitations of the mentioned

VR studies was that participants were usually able to predict
that something would happen next: for example, in the car
driving study, similar traffic situations were replicated many
times (Schwebel et al., 2006; Stephens and Groeger, 2009),
leading participants to pay particular attention to these situations
therefore potentially biasing or changing their decision-making
criteria. In the present study, we avoided making participants
aware of the upcoming decision-event, thereby trying to
determine how much their impulsive decision-making (that is,
decisions without explicit instructions) would be predictable
based on their personality traits.

In particular, we designed a car simulation in which
participants first had to train to finish a course under difficult
driving conditions. After the training, participants then were told
that their next lap would be the final testing lap in which we
recorded their driving skills. During this lap and after a sharp
curve, pedestrians suddenly appeared on a bridge, frantically
waving and shouting “Stop.” Since the pedestrians blocked the
full extent of the road, participants had no choice but to steer
the car off the bridge, to brake, or to try and steer the car past
the pedestrians, thereby potentially endangering them. In this
situation, we were looking for potential influences of personality
traits on that final decision.

Our selection of potential personality traits to is motivated
from a research context in which associations between decision-
making and personality were investigated in “extreme” situations.
For example, in the well-known “trolley dilemma” or in the
“footbridge dilemma,” participants are asked to decide whether
to sacrifice one person in order to save five people from an
incoming train (Foot, 1967; Thomson, 1985). If participants agree
to sacrifice one person to save the other five, this decision is
often called a utilitarian judgment (Mill, 1863; Mill and Crisp,
1998), whereas if they do not agree to sacrifice the one person, the
decision is called a deontological judgment (Greene et al., 2001,
2004; Cushman et al., 2006; Valdesolo and Desteno, 2006; Hauser
et al., 2007; Mikhail, 2007). When investigating what kinds of
people make which type of decision, interestingly, in this type of
dilemma the utilitarian trait is positively related to psychopathy
in many cases (Glenn et al., 2010; Bartels and Pizarro, 2011;
Koenigs et al., 2012; Wiech et al., 2013; Kahane et al., 2015)
and negatively correlated with empathic concern (Crockett et al.,
2010; Choe and Min, 2011; Kahane et al., 2015), which also
highlights a link between decision and certain personality traits.
Based on these studies, we therefore chose psychopathy as well as
empathy-related traits as potential personality factors.

It has been shown that psychopathy is not only related
to moral dilemma decision-making, but also associated with
risky decision-making in different situations. For example, in
the balloon analog risk task, a high level of psychopathy
predicts risky behavior and secondary psychopathy showed
correlation with risky decision-making in young adults (Hunt
et al., 2005). Additionally, psychopathy showed correlations with
self-reported irresponsible and criminal risk-taking compared
to other external disorders for jailed inmates (Swogger et al.,
2010). Such correlations may be explained by associations of high
psychopathy with low moral identity (Glenn et al., 2010), lack of
violence inhibition (Blair, 1995), or lack of ability to integrate rule
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and stimulus values (Baskin-Sommers et al., 2016). Hence, a high
level of psychopathy may lead one to ignore basic moral codes in
extreme situations.

Additionally, a lack of empathy is considered a critical
component of psychopathy (Cleckley, 1964), which means
that empathy itself also may influence decision-making in
such situations. Several studies support a relationship between
empathy and the ethical decision-making process (Mencl
and May, 2009) and decision-making in medical emergencies
(Loewenstein, 2005). Such correlations can be derived from
empathy’s two main components: the cognitive understanding
of another person’s state and the experiencing of the other’s
affective state (Hoffman, 1984). Hence, in the context of our
present study, empathy may impact whether or not one is willing
to risk potential harm to others in extreme circumstances, such
as accident situations.

Although the goal of our study was to determine the influence
of personality on decision-making, it may be possible that other
factors would determine the decision of the participants. For
example, a previous, inter-cultural driving behavior study found
that drivers in the U.S, Spain, Germany, and Brazil seem to have
differences in risk perception (Sivak et al., 1989). To investigate
whether such differences also extend to intuitive decision-making
in our task, we included both a Korean sample and a German
sample in our study, testing how well the results of one sample
would generalize to the other. Additional factors that may play a
role in the decision-making were also tested for their influence in
our study, including gender (Fumagalli et al., 2010), the amount
of driving experience (Lajunen and Summala, 1995), computer
gaming experience (Anderson et al., 2010), as well as general
subjective experience during the simulation (Chou and Ting,
2003).

In short, in the present study we investigated decision-making
in an emergency situation. Based on our experimental paradigm
and the present state of research as outline above, we hypothesize
that in (1) this condition, participants’ responses can be divided
into several categories based on their control input to the car and
that (2) these different decision categories can in part be predicted
based on particular personality traits.

MATERIALS AND METHODS

Game Design
We used Unity3D 4.6.1f1 (Unity Technologies, San Francisco,
USA; a game engine tool also used for virtual reality
development) together with open source assets to design our car-
driving simulation (the assets we used were based on sources
found at https://www.assetstore.unity3d.com/en/#!/content/10).
Figure 1 shows more details of the setup and the visuals. In
order to implement realistic car controls, we added a wheel-
pedal interface (Joystick, Power Racer 270 DX; Seoul, KR),
which allowed two degrees of freedom and used pedals for
acceleration and braking. In order to make controls easy to learn,
only forward/backward accelerator and left-right steering were
used in the experiment. Visualization was done using a state-
of-the-art commercial head mounted display (HMD, Oculus
Rift DK2; Irvine, USA; resolution = 800 × 600 px at 60

FIGURE 1 | Screenshots of the accident situation. (A) Right before the event.

(B) Three pedestrians suddenly appeared on the road. (C) The middle person

shouting “stop!”. Note that the pedestrians block the whole width of the road

with rocks to the right side preventing a potential evasive maneuver.

frames per second) which afforded stereoscopic depth and also
allowed us to precisely track and represent yaw, pitch, and roll
movements from a gyroscope, accelerometer and magnetometer
inside the headset. Participants were able to move their head
and look around in the car and the virtual environment if
they wished. Engine and environmental sounds were provided
through ear-phones to further increase immersion in the virtual
reality environment.

We used a two-group, quasi-experimental design for the
experiment. Participants had to complete three training sessions
and one test session. During the training session, they learned
how to control the car as well as the layout of the race course in
virtual reality. The aim of the training was to finish the course
in <5min. In order to provide further motivation and enhance
concentration on the task, the current speed of the car, as well
as the best and worst lap times for the course were presented
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on screen. The training was automatically finished if participants
reached the finish line or if 5min had passed. If a participant did
not reach the goal of 5min within three training sessions, they
were excluded from the experiment—in our case, none of the
participants failed to reach this goal.

Before entering the test session, participants were told that the
lap time in the following run was going to be their final time and
that they should concentrate to make a fast lap. During the test
lap, as soon as the car turned a specific corner of the course, an
accident situation occurred: three people appeared on a bridge
and started walking toward the car. Since the brake was set to
low sensitivity during the whole game, it was not possible to
easily stop the car. In addition, the gaps between people were too
small for the car to pass through. As soon as the car was close
to the first person, the person in the middle shouted “stop” and
raised their hands to indicate stopping. The rightmost person
froze as if in fear, whereas the left character also moved their
hands to indicate stopping. The experiment was automatically
finished when participants either collided with a virtual character
or tried to steer the car off the cliff followed by a crash on the
ground (see Figure 1 and Video S1). During this whole event,
participants’ control inputs to the accelerator (hit or not), brake
(hit or not), and steering wheel (left/right) were record in each
frame, starting at the time when participants turned a corner until
the experiment terminated with the collision or the drop.

Since VR setups can sometimes result in uncomfortable
experiences, if a participant felt dizzy or had any other symptoms
of virtual-reality sickness, they were told to immediately take off
the HMD and to notify the experimenter.

Sample Size and Participants
The required sample size was calculated through an a priori
power analysis (G∗ power, Faul et al., 2007) based on a two-
tailed t-test with non-equal allocation ratio. In independent pilot
experiments, we found that participants’ decisions in the event
could be group into two categories: those people who tried to
avoid hitting the pedestrians by hitting the brake, and those
people who endangered participants by trying to squeeze past
them or by even not braking at all (see Supplementary Material

for a discussion and analysis of the experimental data with three
instead of two groups). We termed these two groupsDon’t Ignore
and Ignore. Additionally, the pilot showed that decision-making
in our task had a group allocation ratio for the two decision
categories Don’t Ignore/Ignore of 2. We then determined the
sample size using an effect size of d= 0.8 for the personality traits
at a standard power of 1-beta = 80%. As the analysis included
six different personality scales, we used a Bonferroni-corrected
alpha-value of alpha = 0.05/6. The resulting sample size was 90
participants in total with 60 participants in theDon’t Ignore group
and 30 in the Ignore group.

We then recruited participants until that sample size
was achieved in our Korean sample and tested for the
consistency of the results in an independent sample in
Germany. A total of 203 participants were recruited for our
experiment [103 from Korea, 100 from Germany, 89 males,
114 females, between 20 and 39 years of age and with a
mean age of 25.3 years (SD = 4.27)]. Korean participants

were Korea University students, and German participants were
recruited from the student population of Tübingen using online
advertisement. Fifteen participants felt 3D-sickness symptoms
such as dizziness during the training session and voluntarily
ended the experiment (9 Korean, 6 German, 9 males, 6
females), leaving a total of 188 participants for analysis [94
from Korea (47 males, 47 females), 94 from Germany (33
males, 61 females)]. All participants had normal or corrected-
to normal vision and did not report any neurological disease,
nor were they currently under psychological treatment or
medication.

Game Experience and Expertise
To assess subjective game experience, we used the Game
Experience Questionnaire [GEQ, developed by K. Poels, W. A.
Ijsselsteijn, and Y. A. W de Kort at the Game Experience Lab
Eindhoven (NL), (http://www.gamexplab.nl) in the European
project FUGA]. Additionally, we queried participants’ experience
with driving video games [citing examples, such as Grand Theft
Auto (Rockstar North Co., Ltd., Edinburgh, Scotland)]. We
also asked whether participant possessed a driving license and
how they would judge their driving skills in general. Finally,
we asked them to describe their action or decision in the
accident situation, as well as why they chose to act as they
did.

Personality Questionnaires
To measure personality traits, we used Levenson’s self-report
psychopathy scale (Levenson et al., 1995), the balanced emotional
empathy scale (Mehrabian, 1996), and parts of the interpersonal
reactivity index (Davis, 1983), including fantasy scale, empathic
concern, personal distress, and perspective taking. All personality
scales were normalized between 0 and 100% for comparison.
We used Korean versions of the psychopathy scale (Lee and
Js, 2007), balanced emotional empathy scale (Chung, 2012) and
inter personal reactivity index (Kang et al., 2009) validated
for Korean participants and the corresponding original English
versions for the German participants. As for the latter, the
experimenter offered to clarify any issues with the English
terms if necessary—no participant reported any problems in
understanding, however.

Procedure
Before the experiment, the experimenter explained the aim of
the game, how to control the car, the procedure of the study,
and helped participants to fit the equipment for comfortable
use. After the setup procedure, the experimenter started the
training sessions three times. After each training session, the
experimenter checked on participants, answered any questions
and asked whether they would like to take a short break. After
the training sessions, the experimenter reminded participants
that the following lap would be the test session and that their
lap time would be recorded. Right after the accident situation,
the simulation finished and participants filled in the personality
questionnaires, the Game Experience Questionnaire (GEQ), and
additional experiment-related questions.
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Ethics
The study was approved by the local ethics committee at Korea
University (1040548-KU-IRB-15-125-A-2) and carried out in
accordance with the relevant guidelines and regulations. Written
informed consent was obtained from all participants. Since
we hid the actual goal of the experiment and presented an
unexpected accident situation to the participants that they were
not able to fully avert, we made sure to minimize potential
emotional impact on participants: first, the game was ended
before the actual collision happened and we gave neither
visual nor sound effects of collision. Second, directly after
the accident situation, the experimenter explained the purpose
of the experiment and enquired whether participants felt any
(potentially longer-lasting) negative experience from the event.
Even though many participants said that they were surprised and
even shocked by the event, all participants felt comfortable after
hearing our explanation and talking about their reactions.

RESULTS

Decision-Making in the Accident Situation
All participants successfully completed three trial runs in the
experimental setup before moving on to the test round, in
which—supposedly—their final lap time would be measured.
During this final course, after participants had exited a sharp
curve, pedestrians suddenly appeared on the road, blocking
the path of the car. The simulation had a rather low brake
sensitivity, and the course deliberately used an easy layout,
leading participants to drive their car fast, so that they would
not be able to come to a complete standstill by braking after
seeing the pedestrians on the road. Since it was not possible
to pass the pedestrians with the car (see Figure 1C), the
experiment automatically finished after people either collided
with a pedestrian or steered the car off the cliff (only one person
did so). On average, the time between the appearance of the
virtual pedestrians in view and the end of the event was 1.81 s
(SD= 0.08 s).

As a first step, we analyzed the control behavior in the
accident situation, which led to the creation of two decision
categories for both participant samples: the Don’t ignore group
[participants tried to avoid the situation by stopping to hit
accelerator and hitting the brake, or by using the steering
wheel more than accelerator—the Supplementary Material

(see Supplementary Tables 4–7) also includes an analysis with
this latter group subdivided further] and the Ignore group
(participants made no use of the brake, or the amount of
accelerator use was larger than the amount of steering wheel
use). In addition, we checked how participants described their
behavior in the situation in the debriefing questionnaire. Table 1
shows participants’ self-description of their decision together
with our group assignment, which is fully consistent for
95.7% of all participants. In the following analyses, inconsistent
results were excluded—results for all participants differed only
marginally and can be found in the Supplementary Material.

The first important result from the analysis of the decision
categories (Table 1) shows that about a third of all participants
fell into the Ignore group, potentially endangering the

TABLE 1 | Group-assignment (based on control behavior) and self-descriptions.

Group-assignment

based on control

behavior

Participants’

self-descriptions

Number of

participants

(Korean/German)

Don’t ignore Tried to pass the people, but

failed

15 (11/4)

Hit the brake 42 (23/19)

Tried to hit the brake, but too late

to stop

61 (24/37)

Went ahead 4 (2/2)

I drove right and fell down with

the car

1 (0/1)

Take foot off the accelerator 2 (2/0)

Turn off handle, but failed to

avoid

1 (0/1)

Total: 126 (62/64)

Ignore Gave up to drive 3 (2/1)

Ignored the people, since my

goal was to finish the course

41 (22/19)

Curious what happens after

collision

6 (3/3)

Hit the brake 3 (2/1)

I panicked and forgot to brake 5 (3/2)

Tried to pass the people, but

failed

1 (0/1)

Keep driving 3 (0/3)

Total: 62 (32/30)

Potential mismatches between the assignment and the self-description included five

people in the Don’t Ignore group, who described that they ignored the virtual people, four

people in the Ignore group, who said that they had hit the brake, and another person, who

claimed to have avoided the pedestrians. Analyses were done both on all 188 participants

and on the subset of 180 (fully consistent) participants.

participants (62 out of 186 participants, 32 in the Korean
sample, 30 in the German sample). Second, the number of
people in the two decision categories in both Korean and
German samples was the same: a χ

2 -test showed no significant
differences (χ2

= 0.096, p = 0.756, this and all following
statistical tests were implemented in SPSS, IBM, New York,
USA).

Control Input
Control input for both Korean and German samples was also
similar as determined by a one-way MANOVA with the factor of
culture (accelerator use: F(1) = 2.719, η2 = 5361.787, p = 0.101;
brake use: F(1) = 1.126, η

2
= 1460.511, p = 0.290; wheel use:

F(1) = 0.165, η2 = 188, p = 0.685). This shows that both groups
reacted similarly in the event in terms of control input amount.

Personality Profiles
To compare personality profiles between the two decision
categories, first, we used two sample t-tests (corrected for
differences in sample size and for multiple comparisons using
Bonferroni correction with α = 0.05/6) to find potential
differences across the six personality scales (see Table 3,
Supplementary Table 1). For the Korean sample, the Ignore
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TABLE 2 | Statistics for the two groups.

Don’t ignore Ignore

Korean Total number 62 32

Accelerator hit (SD) 47.56 (36.76) 111.47

(26.59)

Brake hit (SD) 33.00 (38.09) 0

Wheel hit (SD) 80.61 (39.00) 79.66 (32.69)

Group assignment (Fully

consistent/Potential

Mismatch)

60/2 30/2

Gender–Male/female (all) 29/31 (30/32) 16/14 (17/15)

Driving license–Yes/No (all) 43/17 (44/18) 16/14 (17/15)

Violent video game

experience–Yes/No (all)

26/34 (27/35) 15/15 (16/16)

Age 24.03 (1.91) 23.15 (2.56)

German Total number 64 30

Accelerator hit (SD) 38.23 (35.25) 102.17

(22.35)

Brake hit (SD) 40.15 (39.22) 0

Wheel hit (SD) 79.81 (30.52) 75.03 (30.48)

Group assignment (Fully

consistent/Potential

Mismatch)

62/2 28/2

Gender–Male/Female (all) 19/43 (19/45) 14/14 (14/16)

Driving license–Yes/No (all) 54/8 (56/8) 23/5 (25/5)

Violent video game

experience–Yes/No all)

29/33 (30/34) 17/11 (17/13)

Age (SD) 27.31 (4.95) 25.63 (5.05)

The “Group assignment” row lists the number of people for which self-descriptions were

fully consistent with control behavior and the number of people for which there was a

potential mismatch (see Table 1).

group had significantly higher psychopathy [t(88) = 3.9, p
< 0.001, Hedges’ g = 0.87] and lower perspective taking
[t(88) = 3.41, p = 0.001, Hedges’ g = 0.75]. The strongest
difference for psychopathy between the groups was confirmed
for the German sample, for which the Ignore group also showed
higher psychopathy [t(88) = 3.68, p < 0.001,Hedges’ g = 0.84], as
well as lower empathic concern [t(88) = 3.04, p =0.003, Hedges’
g = 0.69] compared to the Don’t ignore group (a two- and three-
factor analysis of the psychopathy subscales is discussed in the
Supplementary Materials).

Additionally, when analyzing both samples together in a
logistic regression with factors cultural background, personality
traits and other additional factors, we found significant effects of
psychopathy and perspective taking on decision-making—at the
same time there were no significant effects of cultural background
and actual decision-making (see Supplementary Table 3),
confirming that variability within a culture was larger than
variability across cultures.

Influence of Other Factors
Next, we investigated potential differences between the two
decision categories in terms of gender, driving license possession,
amount of experience with video games, and age for both the
Korean and German samples (see Table 2): χ2-tests showed no

significant differences in terms of gender (Korean: χ
2
= 0.2,

p = 0.655, German: χ
2
= 3.112, p = 0.078), driving license

possession (Korean: χ2
= 2.977, p= 0.084, German: χ2

= 0.383,
p = 0.536) or amount of experience with video games (Korean:
χ
2
= 0.358, p = 0.549, German: χ2

= 1.500, p = 0.221) between
the two groups. Two sample t-tests also showed no significant
differences in age between the two decision categories (Korean:
t(88) = 1.72, p = 0.088, Hedges’ g = 0.39, German: t(88) = 1.68,
p = 0.096, Hedges’ g = 0.38). A further analysis also yielded
no significant differences between the two decision categories
concerning participants’ subjective game experience for both the
Korean and the German sample (see Supplementary Table 2).
Hence, these factors had little to no influence on the decision-
making in the accident situation.

DISCUSSION

The present study has for the first time found reliable
relationships between impulsive decision-making in a realistic,
difficult situation, and personality traits. In two independently-
tested samples from two different cultural backgrounds, decision-
making of the participants could be divided into two categories,
which confirms our first hypothesis. This division was consistent
in both participants’ control input (use of accelerator) and
in their self-report of how they reacted in the event (giving
specific reasons for their reactions). Importantly, we showed that
psychopathic tendencies were significantly related to the decision
outcome in this accident situation, which confirms our second
hypothesis.

Influence of Personality on
Decision-Making
Overall, our findings fit well into a behavior-based decision-
making model suggesting personality as one of the four factors
affecting impulsive decision-making processes (Sinclair and
Ashkanasy, 2005). Other studies have shown, for example, that
“extreme intuitive” groups needed a lower number of clues
to solve puzzles and had consistently different patterns of
personality (Westcott, 1968), or that performance on implicit
learning tasks was affected by personality differences related
to intuition or perceiving (Woolhouse and Bayne, 2000).
Additionally, decision-making in high neuroticism personalities
was found to be impaired during high pressure conditions but
not during low pressure conditions (Byrne et al., 2015). A
recent study on sports players (Otten, 2009) also found links
between personality traits and performance under pressure (sport
confidence and self-confidence which in turn affect perceived
control and focus abilities). The present study extends these
results to another realistic, high-pressure situation in which
participants are expected to decide quickly and for which we
found decision-making to be significantly affected by personality
measures with psychopathic traits having a crucial impact.

Previous studies have found that high psychopathy is
associated with low moral identity (Glenn et al., 2010): although
people with higher psychopathy know which actions are morally
right, they do not seem concerned about the consequences of
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TABLE 3 | Differences in personality scales between the two groups.

Personality scales Don’t ignore Ignore Effect size 95% C.I of the difference

Lower Upper

Korean Psychopathy 31.0 ± 0.9 36.9 ± 1.3 0.872* 2.9 9.0

Balanced empathy 67.6 ± 1.4 63.7 ± 1.8 0.376 −8.6 0.7

Fantasy scale 66.0 ± 2.1 58.5 ± 3.8 0.415 −15.7 0.5

Empathic concern 65.3 ± 1.6 62.0 ± 2.6 0.249 −9.1 2.6

Personal distress 49.8 ± 2.5 50.1 ± 3.9 0.015 −8.6 9.2

Perspective taking 68.8 ± 1.4 58.9 ± 3.2 0.751* −15.7 −4.0

German Psychopathy 29.2 ± 1.2 37.9 ± 2.2 0.836* 4.0 13.4

Balanced empathy 67.7 ± 1.7 59.5 ± 3.3 0.556 −14.8 −1.5

Fantasy scale 61.5 ± 2.0 59.7 ± 3.4 0.109 −9.4 5.8

Empathic concern 68.7 ± 1.9 56.1 ± 4.5 0.692* −20.8 −4.4

Personal distress 43.4 ± 1.9 41.3 ± 3.3 0.131 −9.4 5.2

Perspective taking 66.2 ± 1.9 61.5 ± 2.8 0.312 −11.5 2.1

Values are re-scaled to 0–100% for all scales for easier comparison. Numbers are given as mean ± SEM. *indicates p < 0.05 as determined by corrected two sample t-tests.

their decisions (Cima et al., 2010) and often judge harming others
acceptable in order to achieve a valuable outcome (Koenigs et al.,
2012). In addition, psychopathic traits do not only change moral
judgment but also moral action (Tassy et al., 2013a), which is
evidenced by a high level of moral permissibility for harming
other people in emergency situations (Young et al., 2012). When
looking at the self-descriptions of the decision-making in the
accident situation in our data, many participants in the Ignore
group describe their behavior based on the original goal (i.e.,
trying to reach the goal fast), whereas self-descriptions in the
Don’t ignore group seem more based on common rules in society
(i.e., trying to avoid the accident). This difference in descriptions
also fits with the observed differences in personality traits. This
may imply that people in the Ignore group would tend to think
that it is permissible to pursue the original goal of the experiment
with the (virtual) persons being obstacles in reaching this goal.
In contrast, participants in the Don’t ignore group may try to
avoid to harm the pedestrians—even though they are in a virtual
environment and their lap time will be affected by their decision.

An alternative explanation for the observed differences
between groups may be attentional effects related to competition
between the manifest task (that is, the explicitly informed goal—
getting a fast lap time) and the latent task (that is, the hidden
goal—avoiding the pedestrians). Previous studies found that
high-psychopathic people have attentional deficits that lead them
to ignore irrelevant or hidden information (Hiatt et al., 2004;
Newman et al., 2010). Based on the description of the participants
obtained in the questionnaires, however, all participants were
aware of the situation and reported to have had ample time
to react. Additionally, four participants in the Ignore group
described that they were curious as to what “would happen after
the collision.”

Influence of Other Factors on
Decision-Making
Importantly for the generalizability of our results, however, other
factors—including cultural background, gender, driving

experience, gaming expertise as well as subject gaming
experience—did not differ significantly between the two
decision categories. This means that the influence of these factors
on the final decision—while not fully excludable—at best is low
and certainly much weaker than the influence of the personality
factors.

Previous research has shown differences in driving behavior
between real-world roads and racing-game roads for highly-
experienced drivers vs. participants without driving experience
(Ciceri and Ruscio, 2014). Although overall the German
participant group tended to be more experienced in terms of
driver license possession, the two decision categories showed no
differences in driving experience (see Supplementary Results).
Future studies looking for specific differences along these lines
should compare a larger breadth of drivers from novice to
high experience to investigate potential differences in decision-
making.

It has been shown that cultural differences for moral
judgments occur as people from a Western, Educated,
Industrialized, Rich, and Democratic (“WEIRD”) (Rozin,
2010) background emphasize individual rights more, whereas
non-“WEIRD” cultures consider community and duty to be
more important (Haidt et al., 1993; Graham et al., 2011; Buchtel
et al., 2015). For example, helping other people in-group is
considered as a duty by Indians whereas Americans consider it as
a personal choice (Miller, 1997)—a difference that was explained
by Westerners focusing more on the outcome and individual
rights compared to Eastern participants, who focus more on
their own social duties (Graham et al., 2016). The decision in
the present experiment, however, does not directly involve a
conflict between individual rights and general duty, but rather
between the experimenter’s requirement and general ethical
values (see the discussion above on self-reports). Furthermore,
the amount of time afforded for the decision was much lower
than in the moral dilemma experiments, which may have
further diminished any cultural differences—indeed, it would
be an interesting study topic to investigate in more detail
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the time at which said differences may emerge in decision-
making.

We also found neither differences for participant gender in
terms of decision-making, nor strong personality differences
per se between genders (see Supplementary Results). This is
in line with previous studies that claimed gender differences
in moral orientation to be relatively small and restricted to
specific decision categories [female participants preferred care-
based judgments, whereas male participants preferred justice-
based judgment (Jaffee and Hyde, 2000)]. Importantly, the ratios
of men and women in the two decision categories were also not
significantly different, which indicates similar decision strategies
across genders.

Previous studies have found that increased levels of exposure
to violent video gamesmay affect empathy and prosocial behavior
(Anderson et al., 2010). However, in our study, more than half of
the people had no experience with driving video games, which
made it difficult to determine detailed correlations. We did find
that people who played such games before had significantly
lower personal distress (see Supplementary Results)—a result
that could be related to the hypothesized desensitization effects
of (violent) video games (Anderson et al., 2010), although this
issue remains contentious (Ferguson, 2007).

Potential Limitations of Present Study
An important issue arising from any VR study, however, is the
fact that people may still see this “as a game,” knowing that
colliding with the virtual people would not result in real damage.
Many participants, however, did react with surprise and shouts
to the sudden appearance of pedestrians, suggesting that our
scenario carried some realism [see also the VR-replications of
Milgram’s obedience experiment and the bystander-effect that
found similar behavior to the original versions (Slater et al., 2006,
2013)]. One way to test this aspect more explicitly, would be to
run another set of participants with non-human obstacles on the
road, in which case the differences between the groups would be
predicted to be smaller.

A similar issue related to the “game aspect” is the overall
quality of presence in the simulation. A lack of presence could
have influenced the decision-making as well, as participants may
not have felt that they were part of the simulation. Results
from the post-game experience questionnaire we conducted (see
Supplementary Results), however, include specific dimensions
of “immersion” and “flow,” two components associated with
presence (Nacke and Lindley, 2008). Both of the rating values
were high enough (see published results by Poels et al. on the
GEQ) to imply that our experiment setup provided sufficient
presence to the participants.

Further, specific technical aspects that may affect the presence
and perceived realism of our simulation are discussed in
the following: First, the interface did not include detailed,
realistic haptic feedback for the driving wheel and pedal beyond
the default resistance of the device. Although no participant
complained about the lack of realism in this regard, additional
results from Francis et al. (2017) may point to a limited impact:
in that study, the trolley dilemma was tested with people having
to push an actual mannequin of a person, instead of a joystick

interface, but decision ratios were not changed between the two
conditions. Second, although we did match the movements of
the in-game wheel to the interface wheel, enhanced immersion,
and embodiment may result from a more realistic steering wheel
visualization including a virtual body. In order to fully realize
this, however, it will be necessary to implement real-time hand-
tracking on the steering wheel as a generic, non-customized
hand visualization may also break realism if appearance or
motion do not match the participant’s expectations. Finally, the
visual appearance of the pedestrians could also have affected
the decision-making as participants may have opted to “drive
over” the pedestrians when they felt that they did not like
their appearance. Since the time for a close-up evaluation of
the character appearance was rather limited and one of the
characters also shouted “Stop!” during the event, this may have
led participants to react more realistically in this situation.
Future studies, however, should employ additional questionnaire
items to gauge the impact of the perceived effects of the game
realism on participants’ decisions in more detail beyond the GEQ
dimensions.

Another potential limitation of our study is that we did not
gather information about other parameterizations of personality:
previous research on car driving behavior, for example, has
tried to find correlations between previous accident experiences
on the one hand and self-reported personality traits, driving
tendency, as well as driving skills on the other hand. These
studies suggested that sensation seeking, risk-taking, driving
anger, and anxiety are related to accident incidences (Jonah, 1997;
Deffenbacher et al., 2000; Oltedal and Rundmo, 2006). The Big
Five—another well-known set of personality trait measures—
has also been tested in association with decision-making: for
example, extraversion showed correlations with traffic violation
(Renner and Anderle, 2000) and fatal car accidents (Kirkcaldy
and Furnham, 2000), neuroticism showed correlation with
prevalence of car accidents (Lajunen, 2001) and aggressive
driving (Matthews et al., 1991), whereas conscientiousness
showed negative correlation with motor vehicle crashes (Winfred
and Dennis, 2001) and agreeableness had an inverse relationship
with both alcohol and non–alcohol related traffic violations
(Brown et al., 2016). Although some previous research has
investigated the Big Five in risk-taking contexts as mentioned
above, in this study we chose to focus on psychopathy and
empathic traits as these allow for a more nuanced and focused
analysis of decision-making in extreme situations, and as these
traits are also closer to clinical applications and interventions
for treatment purposes (Hare and Neumann, 2008; Skodol et al.,
2011). Although this may represent a statistical issue as the
number of scales increases, future studies could add additional
personality factors such as sensation seeking, impulsivity, and the
Big Five.

Future Work
Interestingly, our overall results are also in line with a recent
study on autonomic vehicle behavior, which showed that
participants favor to sacrifice pedestrians to save themselves at
any cost (Bonnefon et al., 2016). Indeed, although our game
offered the possibility to sacrifice oneself by driving off the cliff
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in order to avoid hitting the pedestrians, this option was chosen
by only one participant. In this context, it is also important to
note that the overall task was set as “racing” and people may
not have expected that pedestrians could suddenly appear on the
road. The rationale behind choosing this particular setup was that
we wanted to make an unavoidable situation (it was impossible to
pass the pedestrians) in which participants still had enough time
to react. Other types of situations (such as pedestrians suddenly
crossing the street, for example) would need to be tested in
future research in order to generalize across a wider range of
decision-making contexts.

Overall, our study for the first time provides evidence for
the importance of psychopathic personality traits in determining
peoples’ decision in (simulated) accident situations in which fast
reactions are required.
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