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ABSTRACT

A moral dilemma is a decision-making paradox without un-
ambiguously acceptable or preferable options. This paper
investigates if and how the virtual enactment of two renowned
moral dilemmas—the Trolley and the Mad Bomber—influence
decision-making when compared with mentally visualizing
such situations. We conducted two user studies with two
gender-balanced samples of 60 participants in total that com-
pared between paper-based and virtual-reality (VR) conditions,
while simulating 5 distinct scenarios for the Trolley dilemma,
and 4 storyline scenarios for the Mad Bomber’s dilemma. Our
findings suggest that the VR enactment of moral dilemmas
further fosters utilitarian decision-making, while it amplifies
biases such as sparing juveniles and seeking retribution. Ulti-
mately, we theorize that the VR enactment of renowned moral
dilemmas can yield ecologically-valid data for training future
Artificial Intelligence (AI) systems on ethical decision-making,
and we elicit early design principles for the training of such
systems.
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CCS Concepts
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INTRODUCTION

Humanity has been continuously confronted with moral dilem-
mas ever since the dawn of logical reasoning, dating back to
the classical era in ancient Greece (5th and 4th centuries BC).
Over time, several schools of thought emerged including the
Cynics, the Cyrenaics, Aristotle’s school of ethics, the Epicure-
ans and the Stoics, holistically described as “Ancient Ethics”;
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before we move gradually to contemporary schools such as
Kantianism and utilitarianism. In fact, modern philosophers
have long been debating whether ancient ethics were even
“ethical,” as they appear to serve the sole purpose of achieving
happiness in the life of the agent (i.e., the individual) [2]. Thus,
the term “moral” was introduced for generally describing the
notion of “doing the right thing.” Since there is no clear-cut
distinction between “ethics” and “morality” in Philosophy,’
we interchangeably use the terms “ethical” and “moral” for
conveying the aforementioned notion.

But why is exploring moral dilemmas relevant today?

Given the propensity of human societies and the structures
within (e.g., companies, universities, a football team, etc.)
for generating laws, codes, and cultures that outline accept-
able behaviors, it is natural for the field of ethics to continue
to flourish. In fact, revolutionary technologies continuously
disrupt human behavior, exhibited in the aforementioned struc-
tures, and radically alter the landscape of ethics that underpin
modern life. Nowadays, the unprecedented proliferation of Al
leads to outsourcing an ever-increasing number of decisions
to intelligent algorithms and systems. However, the increasing
gravity of the decisions being outsourced is worrisome. For
example, the field of autonomous driving has been tantalized
by the “Trolley Problem,” where a fully autonomous vehicle
perceives an inescapable fatal situation and has to decide se-
lecting from a range of available options that will always entail
human casualty [23, 27]. Notably, the autonomous driving
system will have no time for receiving human input and should
entirely rely on itself for deciding. This example portrays a
typical future scenario where a “machine” is confronted with
a moral dilemma.

Al has also been utilized in the fields of law and justice.
“Coplink” is an Al system that identifies relationships between
suspects and victims for facilitating crime investigation and
law enforcement efforts [20]. More recently, Al predicted
successfully the outcome of real-life human rights cases with
a 79 % accuracy after having been trained on previous cases
from the European Court of Human Rights [1]. Perhaps in the

1https ://www.britannica.com/topic/ethics-philosophy
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Figure 1. (a) The train platform and the avatars approaching in the Trolley study, (b) A participant in the Trolley study wearing the Oculus DK2
and relying on Kinect for input, (c) Interacting with the bomber avatar in the Mad Bomber study, (d) A participant wearing Oculus DK2 and using a

mouse/keyboard for input.

future, Al may assume a more active jurisdictional or even
executive role, raising serious ethical concerns. For exam-
ple, the “Mad Bomber’s dilemma” is an ethical conundrum
where a presumed terrorist has placed time-bombs in public
places and refuses to cooperate with the authorities after his
arrest. If information about the bombs is not extracted in a
timely manner, the bombs explode and many innocents die.
The moral dilemma lies in whether one employs torture for
extracting the sought information. This example illustrates a
futuristic scenario where a hypothetical Al-judge system may
be confronted with a moral dilemma.

Human experience has shown that ethics can be taught [6],
and learning from humans (or human examples) is how a large
portion of Al is trained in the first place (i.e., supervised learn-
ing [7]). Thus, one way of inducing ethics into Al could be by
training it with sufficient number of human-made decisions on
illustrious moral dilemmas. In this paper, we investigate if and
how the VR enactment of the Trolley and the Mad Bomber
dilemmas influence the moral decision-making of our partici-
pants for eliciting design principles in training the ethical-Al
systems of the future.

RELATED WORK

A moral dilemma is a model situation which features an agent
presented with a strictly limited set of action-options, one of
which the agent is required to select and perform. Typically,
the actions are mutually exclusive—if the agent chooses to
perform one action they cannot perform another. For each ac-
tion, the agent has strong moral reasons so as to why it should
be chosen, but at the same time, performing it will result in
a moral failure. From this conundrum arises the dilemma,
as it is not obvious which action is the best one [25]. There
are multiple ways of categorizing moral dilemmas: One of
them establishes two categories—epistemic and ontological
[14]. In the epistemic category, the agent faces a conflict be-
tween two or more moral principles, and at the time of making
the decision does not know which one of them has priority.
In general terms, the priority can be determined and agreed
upon. In the ontological category however, all principles have
equal merit and one can never take priority over any of the
others. The Trolley Problem is perhaps the most prominent
ontological dilemma.
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Moral dilemmas can also be distinguished between obligation
dilemmas and prohibition dilemmas. In obligation dilemmas,
more than one action is obligatory, whereas the prohibition
dilemmas feature a set of actions which are forbidden [25].
When it comes to evaluating the merits of each action, there
are two main views one may consider. The first one is called
deontology, according to which the moral principles are con-
sidered above all else. An example of such a view may be a
religious commandment that forbids one from killing another
human being under any circumstances. The second one is
utilitarianism. Here the consequences of each choice are the
criterion that determines the best course of action. Under this
view, the best choice is usually the one that benefits the society
as a whole [18, 15].

The Trolley Dilemma

First introduced by Philippa Foot in 1967, the “Trolley Prob-
lem” (in its original form) features a driver of a runaway tram,
facing the following problem: If the driver continues on his
current route, he is bound to run over five people, who are cur-
rently working on the track. He can, however, divert the tram
into another track with only one worker on it. The dilemma at
hand is whether he should divert the tram, knowing that the
sole worker will be killed as a direct result of his decision, or
proceed in the current course and run over the other five [12].

Judith Jarvis Thomson has slightly modified this dilemma—we
now have a rogue, driver-less trolley that is once again racing
towards a group of five workers located down the track. In this
case, it is a random bystander on whom falls the hypothetical
responsibility of pulling the nearby lever, and thus diverting
the trolley to another track, which effectively results in the
death of one worker. The impact of this modification may seem
negligible, but there is an important difference nonetheless.
This time, the agent is not part of the situation, at least not to
the same extent as the tram driver in Foot’s version, unless
the agent decides to divert the trolley [38]. The setup was
modified even further for introducing the “Fat Man” dilemma.
This time there is no lever and the bystander is located on a
footbridge above the track along with the eponymous fat man
leaning over the railing. The track does not branch off either;
it continues on in a single direction, until it once again reaches
the point where five men are working on it. The only way to
stop the trolley from killing the five workers is to push the fat
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man over the railing in the trolley’s path which is bound to
stop it, but at the same time result in the fat man’s untimely
demise [38].

The Mad Bomber’s Dilemma

The “Mad Bomber’s dilemma” was introduced by Victor Gras-
sian in 1981 and it deals with the question whether it is ethical
to torture a human being in order to save many others. The
scenario adapted by Grassian’s book on Moral Reasoning [17]
is as follows: “A madman who has threatened to detonate
several bombs in crowded areas has been apprehended. Un-
fortunately, he has already planted the bombs and they are
scheduled to go off in a short time. It is possible that hundreds
of people will die. The authorities cannot make him divulge
the location of the bombs by conventional methods. He re-
fuses to say anything and requests a lawyer to protect his 5th
Amendment right against self-incrimination. In exasperation,
a high-level official suggests torture. This would be illegal, but
the official thinks that it is nevertheless the right thing to do in
this desperate situation. Do you agree? If you do, would it also
be morally justifiable to torture the mad bomber’s innocent
wife if that is the only way to make him talk? Why?”

The United Nations Convention against torture (signed Feb. 4,
1985) defines as “torture” any act that involves severe pain or
suffering, either physical or mental, intentionally inflicted to a
person for the purposes of obtaining information, punishing,
intimidating, or coercing [28]. The UN Convention legally
bounds all signing countries to strictly abstain from all forms
of torture, even during war or public emergencies. Thus, tor-
turing a presumed “mad bomber” for extracting information is
by default an act against the law. However, certain torturing
methods have been employed in the recent past.” For exam-
ple, psychological torture can cause both mental and physical
suffering, and can be delivered in the forms of isolation, sleep
and sensory deprivation, nudity, and humiliation [31]. Wa-
terboarding is another controversial interrogation technique
that induces the sensation of drowning to the victim by: (a)
placing a cloth over the face of the victim and pouring water
over the cloth, (b) pouring water directly into the mouth and
nose of the victim, (c) placing a stick between the victims
teeth and pouring water into victim’s mouth, and (d) dunking
and holding the victim’s head under water [10]. In this work,
by “waterboarding” we refer interchangeably to any of the
aforementioned variations.

Virtual Reality and Moral Dilemmas

Virtual reality (VR) offers a unique test-bed for immersing
users in a number of simulated moral conflicts. It has the poten-
tial to provide the same cognitive modules as a real equivalent
environmental experience [26]. VR can provide all the neces-
sary means in terms of realism and control to experimentally
study social situations involving physical harm [30]. A typical
example is a study that has shown that immersive VR affects
human behavior in experiments containing elements of vio-
lence [33]. In fact, VR has been utilized for the purposes of
examining the Trolley Problem before. Navarrete et al., were
the first to recreate a VR simulation of Thomson’s Trolley

2http ://news.bbc.co.uk/2/hi/americas/7229169.stm
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Problem, and to conduct testing on a sample of 365 partici-
pants, who experienced it via a VR Head-Mounted Display
(HMD), while operating the switch (lever) by a force-feedback
enabled joystick. The study has found that emotional arousal
is associated with a reduced likelihood of selecting a utilitar-
ian outcome, and that it is greater when the dilemma requires
action rather than inaction. The authors compared the results
of their study to those of large-scale surveys (non-VR) and
they have found them to be similar [29]. Skulmowski et al.,
repeatedly exposed participants to modified ten-to-one and to
three one-to-one versions of the trolley dilemma in VR, chang-
ing also avatar properties, such as their gender and ethnicity,
and their orientation in space [35]. This study found a peak in
arousal at the moment of decision and context-dependent gaze
duration during sacrificing decisions. In addition, an effect
in the decision process was found based on avatars’ gender,
ethnic origin, and body orientation.

Francis et al., have replicated the “Fat Man” variation in VR,
compared with a text-based version while monitoring partici-
pants’ heart rate [13]. The VR scenario included a large virtual
human standing in front of the user, with the option to push the
virtual human from the footbridge or not. Results showed that
participants’ heart-rate responses in VR were significantly in-
creased compared to control tasks. Patil et al., employed 4 dif-
ferent moral dilemmas in paper and desktop VR (using a LCD
monitor), showing an order-dependent judgment-behavior of
people in moral dilemmas. People judged in less utilitarian
(or more action-based) manner in emotionally flat and contex-
tually impoverished moral dilemmas presented in text format,
whereas they acted in a more utilitarian (or more outcome-
based) manner in the emotionally arousing and contextually
rich versions of the same dilemmas presented in VR [30]. To
the best of our knowledge, no prior study has recreated
the Mad Bomber’s dilemma in VR.

We decided to explore how people would react when con-
fronted with the Trolley and Mad Bomber dilemmas in two
distinct conditions: (a) When mentally visualizing these dilem-
mas by reading about them in a paper form, and (b) when
immersed in a VR environment that enacts the outcomes of
their decisions and actions in real-time (see Figure 1). In the
Trolley dilemma, we devised 5 distinct scenarios: saving or
eliminating (1) a child, (2) a female adult, (3) a male adult, (4)
a male soldier, and (5) an injured male adult. Each scenario
required deciding either to save the individual (by not pulling
the lever), or a group of five random people (by pulling the
lever). In the Mad Bomber’s dilemma, we devised 4 connected
scenarios: interrogating (1) the mad bomber, (2) the innocent
wife, (3) the madder bomber, and (4) an android terrorist by
employing psychological, waterboarding, physical, or mixed
torture methods. In both dilemmas, we sought to provide a
wider range of options than prior work, possibly resulting in
an array of complex ethical implications (e.g., eliminating a
child), as opposed to simply addressing the problem by re-
sorting to utilitarianism (i.e., kill one to save five). In fact,
complex moral dilemma settings approximate better the type
of moral decisions we are often confronted with in daily life.
Although seemingly controversial, we expect that the enact-
ment of renowned moral dilemmas in VR, could potentially

Page 3


http://news.bbc.co.uk/2/hi/americas/7229169.stm

CHI 2020 Paper

yield a higher degree of realism, as opposed to mentally vi-
sualizing such situations. Ultimately, increased realism and
wider participation, through VR, may facilitate the collection
of high-quality data for training the ethical Al algorithms and
systems of the future [3].

STUDY

Drawing on prior literature on the moral dilemma enactment
in VR, we hypothesize that high levels of immersion and
an ecologically-valid scenario will help individuals to elicit
responses closer to real life [36]. Bearing in mind the limi-
tations of previous studies, we seek to answer the following
research questions (RQs) in two distinct studies (Trolley and
Mad Bomber):

RQ1. Does the virtual enactment of moral dilemmas influ-
ence participants’ decisions, and if yes, does the order
of exposure play a role? Prior work has shown that
being confronted with a moral dilemma in VR fosters
utilitarianism [30] and increases empathy [4], as op-
posed to mentally visualizing it from a paper-based
format. Moreover, the order in which participants were
requested to respond to a moral dilemma was found to
influence their responses significantly [30].

RQ2. How do participants react when exposed to different
scenarios of the Trolley and Mad Bomber’s dilemmas?
Awad et al., have shown that moral decisions in the
Trolley Problem rely heavily on cultural background,
with western societies favouring youngsters as opposed
to eastern societies that favour the elderly [3]. Bearing
in mind these findings, we devised 5 distinct scenario
variations for the Trolley dilemma and 4 storyline sce-
narios for the Mad Bomber’s dilemma that intend to
juxtapose the ethical values of the western society with
any underlying propensity for utilitarianism.

RQ3. How does participants’ gender affect their decisions
when confronted with a moral dilemma? An amassing
body of evidence showcases that moral decision-making
is also influenced by within-culture demographic differ-
ences such as gender [37, 35, 3] and education [21].

Participants

We recruited a total of 60 healthy participants for both studies
from the premises of the HCI Lab of Masaryk University, Brno,
Czech Republic. Participants were equally split between the
two studies (N = 30 for Trolley and N = 30 for Mad Bomber)
and between the two genders for both studies (15 females for
Trolley and 15 females for Mad Bomber). Those who took
part in one study did not participate in the other study. In the
Trolley study, two age groups were represented, namely 18-25
and 26-33 years old, with 83.3 % of our participants falling in
the first category (N = 25) and 16.7 % in the second (N = 5).
Participants were either students (90 %, N = 27) or University
staff (10 %, N = 3). In the Mad Bomber study, 80 % of our
participants were between 18-25 years old (N = 24) and 20
% between 26-33 (N = 6). 90 % of the participants were
students (N = 27) and 10 % were University staff (N = 3). All
participants provided their informed consent, after which the
trials commenced.
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Experimental Setup

Both moral dilemmas were enacted in VR using the Unity
game engine (Unity Technologies, San Francisco, CA, USA).
Third party assets were acquired for the models of the train,
railroad tracks, the sound effects, the interrogation room, and
some of the textures. The character models were created with
Adobe Fuse CC software (Adobe Inc., San Jose, CA, USA),
and were animated with Mixamo.> We created a total of 14
character models (9 for Trolley) for the needs of the individ-
ual scenarios for both studies. In both studies, participants
wore the Oculus DK2 Head-Mounted Display (HMD) for ex-
periencing the dilemmas in the VR condition (see Figure 1).
The Oculus DK2 was the state-of-the-art HMD at the time,
and officially supported by the Unity game engine. Oculus
DK?2 features a 5.7 inch OLED display, with a resolution of
960 x 1080 per eye at a refresh rate up to 75 Hz. Oculus
DK?2 supports 6 Degrees-of-Freedom tracking through a near-
infrared camera with a rotational update rate at 1000 Hz and
positional at 60 Hz. In the Trolley dilemma participants used
the Kinect v2 for recognizing the lever pull gesture, whereas in
the Mad Bomber they used a standard keyboard and a mouse
for moving the agent.

Procedure

The trials of both studies (Trolley and Mad Bomber) followed
a very similar approach for both conditions (Paper and VR).
In the Trolley study, the “Paper” condition involved reading
about the Trolley dilemma on paper. Participants would fill
in with a “YES” or “NO” answering to the question: “Do
you pull the lever?” for each of the five scenarios: saving or
eliminating (1) a child, (2) a female adult, (3) a male adult, (4)
a male soldier, and (5) an injured male adult. Each scenario re-
quired deciding either to save the individual (by not pulling the
lever), or a group of five random people (by pulling the lever).
Then, participants experienced the same set of scenarios in
a VR environment (VR condition), where they demonstrated
their decision in a more practical sense by pulling the virtual
lever with a hand gesture. Participants of the Mad Bomber
study read about the Mad Bomber’s dilemma on a paper form
(“Paper” condition) and decide their course of action by se-
lecting from a range of available options: (i) leave (yield),
(ii) psychological torture, (iii) waterboarding, (iv) physical
torture, (v) a combination of the previous, (vi) imprisonment,
and (vii) death. The scenarios comprised a storyline and in-
volved interrogating: (1) the mad bomber, (2) the innocent
wife, (3) the madder bomber, and (4) an android. Participants
also experienced the same set of scenarios in a VR environ-
ment where they demonstrated their decision by interacting
with the corresponding virtual avatars in each scenario.

For canceling out any potential carryover effects between the
two conditions, we counterbalanced the order Paper and VR
conditions were performed across all trials and both studies.
Before undergoing the VR condition, each participant was
first given the opportunity to familiarize oneself with the VR
environment using the demo scene provided by the Oculus
Rift configuration utility. A brief description of the scene was
also provided, and the necessary instructions as to how the

3https://www.mixamo.com/
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lever can be operated. Participants would then wear the HMD
along with noise canceling headphones, after which the VR
trial would commence. In the Trolley study, participants were
asked to fill out a NASA-TLX questionnaire after completing
a condition. In the Mad Bomber study, participants completed
a NASA-TLX questionnaire after each scenario, for both the
Paper and VR conditions. The NASA-TLX measures work-
load by six sub-scales: mental, physical, and temporal demand,
performance, effort, and frustration [19]. Decision times were
recorded only for The Trolley study and only in VR condition,
measuring the time elapsed from the start of each scenario
until the moment participants pulled the lever.

The Trolley Dilemma in VR

The VR condition enacts Thomson’s Trolley dilemma in re-
spect to the track logic and the fact that the agent (i.e., the
participant) is a random bystander. The scene is set as follows:
there is a railroad track running through a desert and it forks
into two branches. The right branch runs through a narrow
canyon, whereas the left one follows an equally narrow ledge
on the side of a steep cliff. Therefore, whoever walks on tracks,
in either of the branches, has no way of surviving if a train
comes through. Our agent is located at a train station platform
near the point where the track diverges. In the beginning of
each scenario, six people walk past the agent and start walking
on the track (Figure 1a). Five of them follow the track straight
on through the canyon while the sixth one chooses the left
path. Within the agent’s reach there is a lever, which is set in
its default position, denoting that if no action is made by the
agent, the train will cruise through the canyon. Shortly after
the people enter the canyon and the ledge, the train can be
heard approaching quickly. The agent is then presented with
the following choice: (a) leave the lever as is, permitting the
train to take the route that was originally intended for it, or (b)
pull the lever and send the train to the left path. In the Ist case,
the 5 people in the canyon will die, whereas in the 2nd, the
sole person on the ledge will be killed. Five scenarios were
devised and included in both the Paper and VR conditions.
Each scenario is distinct in terms of the identity of the person
walking on the left track. Their identities are: (1) a child, (2)
a female adult, (3) a male adult, (4) a male soldier, and (5)
an injured male adult.

The Mad Bomber’s Dilemma in VR

Here, the dilemma is enacted in a virtual interrogation room
that features a two-way mirror covering most of the wall, and
a table with instruments that can be used for inflicting torture
(e.g., a syringe, a pair of forceps, and other sharp tools—see
Figure 1c). A lamp hanging over the table provides most of
the room’s illumination, and a clock on the wall is ticking
loudly to induce the feeling of urgency. The suspect is seated
by the table, while the agent is standing and is free to move
around the room. A first-person perspective is employed, and
thus the agent can only see himself when facing the mirror.
The agent is male and wears the stereotypical state official
outfit with a tie and a pair of sunglasses to resemble the state
agent characters from popular crime and action movies. The
scene starts with a debriefing about the urgency of the situ-
ation, and an option to acquaint oneself with the available
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interrogation techniques. The agent may attempt to first ini-
tiate conversation only to quickly realize that the suspect is
non-cooperative. The agent can then attempt to extract infor-
mation by employing psychological torture, waterboarding,
physical torture, a combination of the previous (mixed tactics),
imprisonment, death, or simply leave the scene (yield) and
terminate the experiment. The aim remains the same: unveil
the location of the bombs before they self-detonate. There
are 4 storyline scenarios in which the agent interrogates in a
sequence: (1) the mad bomber, (2) the innocent wife, (3)
the madder bomber, and (4) an android. Torturing the mad
bomber (scenario 1) more than 3 times presents the option of
torturing his innocent wife for forcing him to talk (scenario 2).
Scenario 3 (madder bomber) involves the same character with
scenario 1, but this time the agent is informed that the suspect
escaped prison and started plotting another terrorist attack. In
Scenario 4, an android assumes the role of the perpetrator and
is intended for those that believe torturing a human being is
wrong in any circumstances.

RESULTS

In this section, we investigate how our participants’ ethical
decision-making was influenced by the 2 presentation condi-
tions (“Paper” and “VR”) in the 5 (“child,” “woman,” “man,”
“soldier,” and “injured”) and 4 (“the mad bomber,” “the inno-
cent wife,” “the madder bomber,” and “the android”) distinct
and storyline scenarios of the Trolley and Mad Bomber dilem-
mas, respectively. We share insights on the effect of gender on
ethical decision-making across both studies and conditions—
Table 1 provides a summary of our findings. For deciding on
our statistical methods, we first performed all the necessary
pre-tests, such as Shapiro-Wilk tests of normality and Lev-
ene’s tests of homogeneity of variance. We omit the pre-tests
for the sake of brevity.

Virtual Enactment Effects (RQ1)

The Trolley Dilemma

First, we investigated if the virtual enactment (VR condition)
influenced the number of times participants decided to pull
the lever during the trolley problem. Since the presentation
mode (VR vs. Paper) was a within-subjects factor and lever
pull a dichotomous variable (“0” or “1”°), we ran a Cochran’s
Q test instead of a typical Pearson’s chi-square test. Indeed, a
Cochran’s Q test determined that there was a significant dif-
ference in the overall number of times participants pulled the
lever between the VR and the Paper condition (x2(1) = 5.333,
p < .05). In particular, participants pulled the lever 82 %
of the times for the VR, as opposed to 76.7 % for the Paper
condition, indicating a significant increase of 5.3 % over the
Paper condition (RQ1) (see Figure 2). Although we had ap-
plied a Latin square counterbalancing across VR and Paper
conditions, we still investigated if the order in which partici-
pants were presented with the Trolley dilemma affected their
decisions to pull the lever. The combination of two distinct
conditions produces two possible condition order levels: VR-
Paper and Paper-VR. Thus, condition order is treated as a
between-subjects factor, with half participants undergoing the
VR-Paper condition order and the other half the Paper-VR.
Hence, a Pearson chi-square test of independence was per-
formed to determine whether there was an association between
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Figure 2. Lever pulls (%) by scenario and condition in the Trolley study.

condition order (i.e., VR-Paper vs. Paper-VR) and the number
of times the lever was pulled. The analysis displayed no signif-
icant association between condition order and number of lever
pulls (x%(1) = 1.301, p = .254, V = .066) (RQ1). Although
NASA-TLX is used for assessing the workload entailed by the
use of a system or artifact, we decided to administer it both for
the Paper and the VR condition for forming a workload base-
line against which to compare. Our main assumption here is
that the mere response to a paper questionnaire should involve
relatively low workload, even when it comes to deciding on a
hypothetical moral dilemma. As such, a Wilcoxon signed-rank
test revealed no significant difference between the workload
entailed in the Paper (Mdn = 47 %), as opposed to the VR
condition (Mdn =49.5 %) (Z = —.968, p = .333).

The Mad Bomber’s Dilemma

Similarly, we first examined if the virtual enactment (VR
condition) affected which interrogation tactics participants se-
lected in the virtual enactment of the Mad Bomber’s dilemma.
For this, we performed a series of Cochran’s Q tests that un-
veiled any differences in the tactics employed between Paper
and VR conditions. The analyses displayed no significant
differences in the number of times participants decided to
leave the scene (yield) (x>(1) = 2.505, p = .113), use water-
boarding (x?(1) = .147, p = .701), imprison (x*(1) = .231,
p =.631), and cause death (y>(1) = 1.004, p = .316) between
Paper and VR conditions. However, we discovered significant
differences in the number of psychological (y?(1) = 5.163,
p < .05), physical (x?(1) = 8.127, p < .05), and mixed tac-
tics (x2(1) = 17.359, p < .001) employed between Paper and
VR conditions. In particular, participants chose psychological
tactics 17.9 % of the times in Paper vs. 11.3 % in VR, physi-
cal tactics 2.1 % of the times in Paper vs. 7.5 % in VR, and
mixed tactics .8 % of the times in Paper vs. 8.8 % in VR con-
dition (see Figure 3). Thus, in the VR condition participants
preferred tactics that involve physical torture for extracting
information more frequently than they did in the Paper con-
dition (RQ1). We employed Latin square counterbalancing
across Paper and VR conditions for the Mad Bomber study
too, but we still examined if the order in which participants
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Figure 3. Tactics employed (%) by condition in the Mad Bomber study.

completed the two conditions influenced their tactic selection.
Multiple Pearson chi-square tests of independence displayed
no significant differences owed to condition order (Paper-VR
vs. VR-Paper) for all tactics: yield ()(2(1) =427, p=.513,
V =.042), psychological (%2(1) =.144,p=.704,V = .024),
waterboarding (x2(1) = 3.083, p = .081, V = .113), physical
(x*(1) = .310, p = .578, V = .036), mixed (x>(1) = .310,
p=.578,V = .036), imprisonment (y2(1) = .132, p = .716,
V =.023), and death (y>(1) = .879, p = .349, V = .061).
This indicates that the condition order did not affect tactic
selection for our participants in the Mad Bomber study (RQ1).

We also inquired into the perceived workload as captured by
the NASA-TLX scores for both conditions and the tactics
selected. A Wilcoxon signed-rank test displayed no significant
difference between the median workload scores reported in
the Paper (Mdn = 36.3%) and in the VR condition (Mdn =
39.3%) (Z = —1.432, p = .152). Moreover, a Kruskal-Wallis
H test displayed no significant difference in median reported
NASA-TLX scores across all interrogation tactics (excluding
death for low occurrence) (x%(5) = .568, p = .989). This
indicates that participants did not exhibit significant workload
fluctuations between the Paper and VR conditions, or as a
consequence of selecting which interrogation tactic to apply.

Scenario Effects (RQ2)

The Trolley Dilemma

After unveiling a significant increase in the number of times
participants decided to pull the lever in the VR condition, we
inquired into how the different scenarios influenced their deci-
sion exclusively during the VR condition. A Cochran’s Q test
displayed a significant difference in the number of times par-
ticipants pulled the lever among different scenarios during the
VR condition (2(4) = 34.909, p < .001). Post-hoc pairwise
exact McNemar'’s tests with all possible scenario combinations
during the VR condition revealed that the lever was pulled
significantly fewer times during the “child” scenario (50 %)
as opposed to all other scenarios (woman: 90 %, p < .001 |
man: 90 %, p < .001 | soldier: 90 %, p < .05 | injured: 90 %,
p < .001) (see Figure 2). Intrigued by these results, we wanted
to verify if the same trend appears in the Paper condition. In
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fact, a Cochran’s Q test displayed a significant difference in
the number of times participants pulled the lever among dif-
ferent scenarios for the Paper condition too (y?(4) = 36.444,
p < .001). Similarly, post-hoc pairwise exact McNemar’s
tests with all possible scenario combinations during the Pa-
per condition revealed that the lever was pulled significantly
fewer times during the “child” scenario (40 %) as opposed to
all other scenarios (woman: 80 %, p < .001 | man: 93.3 %,
p < .001 | soldier: 90 %, p < .05 | injured: 80 %, p < .001)
(see Figure 2). Interestingly, no other significant difference
was found, and hence we proceeded with testing whether the
increase in lever pulls for the child scenario was significant be-
tween the Paper and the VR conditions. However, a Cochran’s
Q test revealed no significant difference in the number of times
the lever was pulled during the “child” scenario between VR
and Paper conditions (x%(1) = 1.9, p = .18). Notwithstand-
ing, we still wanted to identify which scenario contributed the
most to the lever pulls increase observed collectively in the
VR condition. Thus, we ran two Cochran’s Q tests for the
2 remaining scenarios that displayed the greatest lever pulls
difference between VR and Paper conditions: “woman” and
“injured.” However, the results displayed no significant dif-
ference in the number of lever pulls for woman (x?(1) = 3,
p = .083) or injured (y*(1) = 3, p = .083) scenarios across
the VR and Paper conditions. These results showcase that the
substantial increase in the number of times the lever was pulled
during the VR condition in contrast to Paper condition is a
collective effect and cannot be attributed to isolated scenarios
(RQ1 & RQ2).

For better understanding participants’ rationale when pre-
sented with each distinct scenario during the VR condition,
we investigated the effect of scenario on participants’ decision
times, as it appears that participants spent the longest time
contemplating whether to pull the lever in the “child” sce-
nario during the VR condition. In particular, we performed
a one-way repeated measures Analysis of Variance (one-way
repeated measures ANOVA) with participants’ decision times
as dependent variable, and scenario as an independent vari-
able. A Mauchly’s test of sphericity indicated that the assump-
tion of sphericity was maintained (¥2(9) = 13.561, p = .143).
However, the analysis displayed no significant main effect for
scenario on decision times (F(4,67.177) = 1.486, p = .221,
N2 = .11). This indicates that participants’ decision times
did not vary significantly across all scenarios during the VR
condition.

The Mad Bomber’s Dilemma

Similarly, we wanted to explore if the different variations (sce-
narios) we devised for the Mad Bomber’s dilemma had an im-
pact on the tactics our participants selected, in both Paper and
VR conditions. For this, we performed as separate Cochran’s
Q tests for each of the 4 scenarios for both conditions each time.
For scenario 1 (the mad bomber), multiple Cochran’s Q tests
displayed no significant differences in the number of times par-
ticipants yielded (y2(1) = .317, p = .573), employed psycho-
logical (y%(1) =2, p = .176), waterboarding (x2(1) = .218,
p = .640), and physical tactics (x>(1) = .131, p = .718),
but a significant difference for mixed tactics (y2(1) = 4.043,
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Figure 4. Tactics employed in all scenarios and both conditions in the
Mad Bomber study.

p < .05) in Scenario 1 between Paper and VR conditions.
When confronted with the mad bomber, participants applied
mixed interrogation tactics by 3.3 % of the times in Paper
condition, as opposed to 20 % in VR (see Figure 4). For
scenario 2, multiple Cochran’s Q tests displayed no signifi-
cant differences in the number of times participants yielded
(x*(1) = .606, p = .436), employed psychological tactics
(x*(1) = .069, p = .793), waterboarding (*(1) = 1.017,
p = .313), and physical tactics (x>(1) = .351, p = .554),
but a significant difference for mixed tactics (y2(1) = 4.286,
p < .05) between Paper and VR conditions. When interrogat-
ing the innocent wife, participants opted for mixed tactics in
0 % of the times in Paper condition as opposed to 13.3 %
in VR (see Figure 4). In scenario 3, multiple Cochran’s Q
tests displayed significant differences in the number of times
participants yielded (y2(1) = 4.356, p < .05), applied psy-
chological (x*(1) = 10.335, p < .05), physical (x?(1) = 12,
p < .05), and mixed tactics (y2(1) = 10.417, p < .05), but
no significant differences in waterboarding (x%(1) = 1.017,
p = .313) between Paper and VR conditions. In sum, when
facing the madder bomber participants yielded for 37.6 %
vs. 13.3 % of the times, applied psychological tactics by 37.6
% vs. 13.3 %, physical by 0 % vs. 33 %, and mixed by 3.3
% vs. 36.6 %, for Paper vs. VR conditions, respectively (see
Figure 4). Finally, in scenario 4, multiple Cochran’s Q tests
displayed no significant differences in the number to times par-
ticipants decided to imprison the android between Paper and
VR conditions. These findings showcase that participants in
VR condition applied significantly more frequently interroga-
tion techniques that involve physical torture, and particularly
in the madder bomber scenario (RQ2).

Next, we investigated separately for each condition, the self-
reported workload for all scenarios. Two Friedman tests
revealed significant differences in the median NASA-TLX
scores reported across all scenarios for both Paper (y2(3) =
34.692, p < .001) and VR (x?(3) = 28.87, p < .001) condi-
tions. For Paper condition, post-hoc pairwise comparisons
using Wilcoxon signed-rank tests displayed significant differ-
ences between the median workload reported in scenario 1
(62.5 %) and scenarios 2 (7.5 %) (Z = —4.520, p < .001),
325 %) (Z=-3.44, p <.001), 4 (30 %) (Z = —3.904,
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Figure 5. Median self-reported workload for all scenarios and both con-
ditions in the Mad Bomber study.

p < .001), as well as between scenario 2 and scenarios 3
(Z = -2.756, p < .05) and 4 (Z = —2.879, p < .05). For
VR condition, post-hoc pairwise Wicoxon comparisons un-
veiled significant differences in the workload reported be-
tween scenario 1 (70 %) and scenarios 2 (25 %) (Z = —4.387,
p <.001), 3 (25 %) (Z =—3.869, p < .001), and 4 (30 %)
(Z = —4.480, p < .001). This indicates that the mad bomber
scenario entailed significantly higher workload in both Paper
(Mdn = 62.5 %) and VR (Mdn =70 %) conditions (see Fig-
ure 5). These findings illustrate that self-reported workload
dropped significantly after the participants were acquainted
with the Mad Bomber’s dilemma in both Paper and VR condi-
tions (RQ2).

Gender Effects (RQ3)

The Trolley Dilemma

A Pearson chi-square test of independence was performed to
determine whether there was an association between gender
and the number of times participants pulled the lever for both
Paper and VR conditions. The analysis displayed no signifi-
cant association between gender and number of lever pulls for
the Paper condition ()(2(1) =.932, p=.334,V =.079), as
well as the VR condition (x2(1) = .407, p = .524,V = .052).
Overall, this indicates that the number of times participants
pulled the lever did not vary significantly between male and
female participants for both Paper and VR conditions. Never-
theless, we still wanted to investigate if and how the decision
to pull the lever was influenced by condition (VR vs. Pa-
per) within male and female participant groups, respectively.
Interestingly, two Cochran’s Q tests revealed a significant
difference in the lever pulls number between Paper and VR
conditions for male participants (x2(1) = 5, p < .05), but not
for female ones (xz(l) = 1.286, p = .257). In fact, male
participants decided to pull the lever 73.3 % of the times for
Paper condition and 80 % for VR condition, indicating a
significant increase of 6.7 % in lever pulls only for males, at-
tributed to the introduction of VR (RQ3—see Figure 6). Next,
we explored if gender played a significant role in the number
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Figure 6. Lever pulls (%) by scenario for both genders and both condi-
tions in the Trolley study.

of times participants pulled the lever for each scenario (i.e.,
child, woman, man, soldier and injured) for both Paper and
VR conditions. Two Cochran’s Q tests revealed significant
differences in the number of times male participants pulled
the lever for each scenario for both Paper (x?(4) = 12.632,
p < .05) and VR (x%(4) = 14.286, p < .05) conditions. Like-
wise, two Cochran’s Q tests revealed significant differences
in the number of times female participants pulled the lever
for each scenario for both Paper (y%(4) = 24.615, p < .001)
and VR (y%(4) = 20.632, p < .001) conditions. A series of
post-hoc pairwise exact McNemar’s tests helped us identify
any significant differences in the number of times male and
female participants pulled the lever among different scenarios
for both Paper and VR conditions. As such, McNemar’s tests
with all possible scenario combinations during the Paper con-
dition showcased a significant difference in the proportion of
male participants who pulled the lever for the “child” scenario
(46.7 %) only as opposed to the man scenario (woman: 73.3
%, p=.125 | man: 86.7 %, p < .05 | soldier: 86.7 %, p = .07
| injured: 73.3 %, p < .125). In contrast for females in Pa-
per condition, McNemar’s tests unveiled that they pulled the
lever significantly fewer times for the “child” scenario (33.3
%) than all other scenarios systematically (woman: 86.7 %,
p < .05 | man: 100 %, p < .05 | soldier: 93.3 %, p < .05 |
injured: 86.7 %, p < .05). Interestingly, during the VR con-
dition, no significant differences are observed in the number
of times male participants pulled the lever between the “child”
(53.3 %) and all other scenarios (woman: 86.7 %, p = .063 |
man: 86.7 %, p = .063 | soldier: 86.7 %, p = .125 | injured:
86.7 %, p < .063). In contrast, McNemar’s tests for VR condi-
tion showcased that females still pulled the lever significantly
fewer times in the “child” scenario (46.7 %) than in any other
scenario (woman: 93.3 %, p < .05 | man: 93.3 %, p < .05 |
soldier: 93.3 %, p < .05 | injured: 93.3 %, p < .05) (RQ3 —
see Figure 6).

The Mad Bomber’s Dilemma

Two Pearson chi-square test of independence were performed
to determine whether there was an association between gen-
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Figure 7. Tactics employed (%) for both genders and both conditions in
the Mad Bomber study.

der and the tactic chosen in all scenarios for Paper and VR
conditions, respectively. The analysis displayed no significant
association between gender and tactic employed for the Pa-
per condition (y*(1) = 7.864, p = .248, V = .256) and for
the VR condition (xz(l) =4.837, p = .436, V = .201) for
all scenarios. However, we still wanted to investigate how
the tactic selection was influenced for each condition (Paper
vs. VR) within male and female participant groups indepen-
dently. A series of Cochran’s Q tests revealed no significant
difference in yielding (y*(1) = .711, p = .399, V = .077),
waterboarding (752(1) =.702, p = .402, V = .076), and im-
prisonment (X2(1) =.208, p=.648,V = .042) rates, but a sig-
nificant difference in psychological (y*(1) = 4.104, p < .05,
V = .185), physical (y%(1) = 7.212, p < .05, V = .245) and
mixed tactics rates (y%(1) = 9.730, p < .05, V = .285) for
males between Paper and VR conditions. For females, a se-
ries of Cochran’s Q tests revealed no significant difference
in yielding (x%(1)1.915, p = .166, V = .126), psychologi-
cal tactics (x2(1)1.429, p = .232, V = .109), waterboard-
ing (x2(1) = 1.008, p = .315, V = .092), physical tactics
()(2(1) = 1.365, p = .243, V = .107), and imprisonment
(%2(1) =.051, p = .822, V =.021), but a significant differ-
ence in mixed (3>(1) = 8.086, p < .05, V = .260) tactics rates
between Paper and VR conditions (see Figure 7). Thus, male
participants applied psychological tactics 36.7 % vs. 20 %
of the times, physical 5 % vs. 21.7 %, and mixed 0 % vs.
15 %, for Paper vs. VR conditions, respectively. In contrast,
female participants applied mixed tactics 3.3 % vs. 20 % of
the times for Paper vs. VR conditions, respectively (see Fig-
ure 7). These findings illustrate that during the VR enactment
of the Mad Bomber’s dilemma male participants resorted to
interrogation tactics that involved more frequently physical
torture, whereas in VR female participants employed a wider
range of tactics (RQ3).
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RQ#  Trolley Dilemma

1 No condition-order effect was found.

1,2 Participants pulled the lever more times in VR than in
Paper condition, but fewer times in the “child
scenario” vs. all other scenarios for both conditions.

3 Male participants pulled the lever more times in VR
than in Paper condition for all scenarios.

3 Female participants pulled the lever systematically
fewer times than male ones in the “child” scenario.

RQ#  Mad Bomber’s Dilemma

1 No condition-order effect was found.

1,2 Participants in VR condition selected more frequently
physical torture—particularly in the “madder bomber”
scenario.

3 Male participants in VR condition selected physical
torture more frequently than in Paper.

3 Female participants employed a wider range of
interrogation tactics than male ones in VR condition.

Table 1. Summary of findings for both studies.

DESIGNING FOR ETHICAL Al TRAINING

Whether it is about autonomous vehicles or intelligent justice
systems, Al is progressively weaving itself deeper in the fabric
of our lives. Inevitably, apart from smarter Al we will also
need ethical Al [5, 24, 39, 40, 41]. VR has been utilized
for enacting scenarios for training and therapeutic purposes
[32, 34]. We believe VR can foster user participation, and
yield ecologically-valid data in decision-making research, by
subjecting one to unlikely scenarios. This paper highlights
the potential of VR in successfully enacting moral dilemmas
with the purpose of understanding ethical decision-making for
training future Al systems. Next, we draw on our findings for
eliciting design principles in training future ethical Al systems
based on human ethical decision-making.

Overall, participants followed a utilitarian decision-making
approach in both moral dilemmas (RQ1). In the Trolley study,
participants spared the group of 5 people instead of the indi-
vidual 76.7 % of the times for the Paper and 82 % for the VR
condition, respectively. In the Mad Bomber study, participants
applied interrogation tactics that involve physical torture 2.1 %
and .8 % (mixed) of the times in Paper condition, as opposed to
7.5 % and 8.8 % (mixed) in VR condition, In fact, we observed
a drop in psychological tactics employed in VR (11.3 %) when
comparing with the Paper condition (17.9 %). Interestingly,
we found no effect of condition order, contrary to prior results
in literature [30]. This illustrates the consistency of partici-
pants’ ethical decision-making over the two conditions in both
studies (RQ1). Thus, the +5.3 % increase in lever pulls in VR
condition for the Trolley dilemma can be attributed entirely
to the virtual enactment of the Trolley dilemma. Likewise,
the overall increase in the selection of physical interrogation
tactics (+13.4 % combined), and decrease in psychological
tactics (-6.6 %) in VR condition, can also be ascribed to the vir-
tual enactment of the Mad Bomber’s dilemma. This indicates
that the virtual enactment of a moral dilemma can further
foster utilitarianism, even when decisions are on average
biased towards utilitarianism already. On one hand, this
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finding contradicts prior evidence in literature, where the vir-
tual enactment of moral dilemmas resulted in high emotional
arousal levels with participants sacrificing the group over the
individual [29]. On the other hand, more recent studies report
that the virtual enactment of a moral dilemma results in a
higher degree of utilitarian decision-making as a consequence
of increased empathy [30, 4].

Localize ethics and consider gender

Participants eliminated the “child” significantly fewer times,
systematically across both conditions and compared to all sce-
narios in the Trolley study. In particular, participants pulled
the lever in the “child” scenario 40 % of the times for the Paper
and 50 % for the VR condition, respectively (RQ2). We at-
tribute this characteristic bias towards sparing the child avatar
to the child-favouring culture that pervades western societies,
in contrast to far eastern ones that may favour the elderly more
(e.g., Japan) [3]. Interestingly, this preferential treatment ap-
pears to transcend the mandates of utilitarian decision-making.
In fact, the “child-bias” was highly prevalent in the decision-
making of female participants. Indeed, female participants
favoured substantially the “child” scenario as opposed to all
other scenarios in both Paper and VR conditions (RQ 3). The
same trend appears for male participants in the Paper condition
too, but only against the “man” scenario. In other words, male
participants pulled the lever significantly fewer times in the
“child” scenario only as opposed to the “man’ scenario (RQ
3). However, the “child-bias” disappears completely for males
in the VR condition. In fact, the virtual enactment resulted in
a significant increase in the overall number of lever pulls (6.7
%) for males, but not for females.

The significance of these findings should be noted as they sug-
gest that both genders follow a utilitarian decision-making
approach in moral dilemmas, but the female gender is far
more susceptible to the ‘“‘child-bias’’ than the male gender
is. We attribute this phenomenon to prior evidence on moral
dilemmas, according to which males respond in a significantly
more utilitarian manner than females do, particularly when
highly-emotional decisions are involved [16]. However, al-
though VR can be utilized for increasing realism, it should
not be naively viewed as a cheap way to increase empathy [4].
Thus, gender is an important parameter in training an Al-agent
to perform human-like ethical decision-making. In the future,
an Al-agent may independently make decisions that directly
affect humans; and for these decisions to be deemed appro-
priate and acceptable by humans, the genders of the involved
parties should be considered.

Detect and remove retribution seeking

Before participants were confronted with the “madder bomber,
they were informed about his prior escape and plotting of yet
another terrorist attack. We believe this was perceived as a to-
ken of impenitence that deserves punishment—a trend further
amplified in the VR condition (RQ2). Indeed, only 13.3 % of
the participants yielded in VR, as opposed to 37.6 % in the Pa-
per condition, when facing the “madder bomber.” Overall, we
detected a substantial increase (+69.6 % combined) in tactics
that involve physical torture, and a decrease in psychological
tactics (-24.3 %) in VR condition for the “madder bomber”
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scenario. Interestingly, participants did not appear to undergo
any significant inner conflict [9], as perhaps reflected in their
self-reported workload scores when dealing with the “madder
bomber,” in both VR (37.5 %) and Paper (25 %) conditions.
The notion of restoring justice is deeply rooted in western so-
cieties and popularized in literature, lyrics, plays, and movies
[22]. Prior research in economics has shown that reciprocal
individuals may vigorously punish free riders even when the
punishment is costly for the punisher [11]. These findings
showcase that humans are predisposed to vindictive behav-
iors, thus often bearing distorted ethical insight. Training
future Al systems in ethical decision-making should detect
and ideally remove the potential bias towards retribution.

Limitations

Our participants were students and young professionals from
Masaryk University in Czech Republic, and thus our find-
ings adhere primarily to western culture. Although in this
paper we did not study cultural biases per se, the influence
of western culture emerged in our analyses (“child-bias” and
“retribution-bias”), and we acknowledge our findings may not
be applicable in other cultural settings [3]. In fact, we under-
scored this as a design principle. A general moral reasoning
questionnaire would have shed more light on our participants’
ethical reasoning [8]. However, we postulate that the Paper
condition served as our moral baseline for 50 % of the times,
when the Paper condition was completed first. It is possible
that a scenario-order effect may have manifested during the
Mad Bomber’s dilemma. The scenarios comprised a storyline,
and thus could not be counterbalanced. This may have lead
our participants to report lower perceived workload over sub-
sequent scenarios in both VR and Paper conditions. Finally, it
is possible that during the VR enactment of the Mad Bomber’s
dilemma, our participants may have selected multiple (mixed)
interrogation tactics out of pure curiosity.

CONCLUSION

Al has set sail to automate an increasing number of daily-life
facets (driving, health, finance etc.), some of which typically
require higher levels of cognitive processing, not only in an
analytical but also in a moral fashion. This inevitably implies
outsourcing a portion of our ethical decision-making to Al
algorithms and systems that still operate outside the realm
of moral judgment and ethics. A solution to this is perhaps
training Al on human ethical-decision making. However, col-
lecting ecologically-valid data for training Al is a conundrum,
as one is not daily confronted with situations that involve run-
away trolleys or interrogating mad bombers. In this work,
we showcased how enacting moral dilemmas in VR can be
a viable approach for collecting such data, but one should
tread carefully. We found that the VR enactment of renowned
moral dilemmas can foster utilitarian decision-making, but
systematic biases may be present that one has to consider
(“child-bias™) and adapt to given cultural settings, or detect
and remove (“retribution-bias”). In future work, our aim is
to train and compare the ethical decision-making of artificial
virtual agents in moral dilemmas with that of humans. Perhaps
then the right question to ask will not be “would you do it?”
but “would Al do it?”
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