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Abstract
The development of automated vehicles (AVs) presents significant ethical challenges, particularly in eliciting moral attributes 
from humans to guide AV decision-making in high-risk situations. This study explores whether two different elicitation meth-
ods—specifically, 3D animations and 2D schematic representations—lead to different moral attributes and priorities. Based 
on prior research, it was expected that more immersive methods, such as 3D animations with their dynamic and enriched 
visual presentation, may elicit stronger utilitarian responses by enhancing emotional engagement, as well as support par-
ticipants' comprehension of the scenarios. The findings indicate that animations were associated with greater utilitarianism, 
with participants prioritising attributes like Physical Damage and Vulnerability while de-emphasising Car Preservation. The 
dynamic scenes also resulted in greater consensus on the completeness of the provided attributes. While the total number 
of newly proposed attributes remained similar, a larger proportion of participants suggested them compared to the 2D sche-
matic representations. These results illustrate how methodological choices in moral attribute elicitation may influence the 
types of moral responses elicited, raising further questions about which specific features contribute to these effects and how 
presentation formats can be optimally designed for eliciting moral values that are optimally aligned with societal values.

Keywords  Automated vehicles · Moral attribute elicitation · 3D animation · Scenario presentation · AI ethics · Autonomous 
driving systems

1  Introduction

In the development of automated vehicles (AVs), complex 
ethical challenges need to be addressed to ensure these sys-
tems align with societal values. One of the key challenges 
is the elicitation of moral attributes from society in order to 
understand the main factors that influence how AVs should 
make decisions. While sub-symbolic neural networks may 
be suited to specific tasks such as image recognition, they 
do not reason according to moral attributes, so explicitly 

studying these attributes is necessary to ensure that AVs 
make societally aligned ethical choices [14].

Human ethical decision-making can be modelled through 
various frameworks, including deontology, virtue ethics, and 
utilitarianism, as well as integrated frameworks [9, 11, 22]. 
The present study adopts Augmented Utilitarianism (AU), 
an integrated approach that draws on the strengths of each 
of these perspectives while dynamically adapting to evolv-
ing societal values and situational contexts [1, 2]. Unlike 
classical utilitarianism, which focuses solely on maximising 
aggregate utility, or deontological ethics, which applies pre-
defined rules, AU incorporates harm minimisation as a cen-
tral principle and allows for the weighting of moral attributes 
based on empirical social preferences. It draws from moral 
psychology, notably the theory of dyadic morality [22], to 
capture the complexity of human moral reasoning, consider-
ing not only outcomes but also the intentions and roles of 
agents and the perceptions of observers, thereby combining 
deontology, consequentialism, virtue ethics and adding the 
bystander perspective, combining this into one integrated 
societal perspective. A key operational feature of AU is its 
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use of ethical goal functions, which encode societal values 
into a transparent, quantitative structure that can guide real-
time AV decision-making. This enables automated systems 
to act consistently with human ethical expectations, even in 
novel or uncertain contexts. By enabling the construction of 
these adaptive and explainable goal functions, AU supports 
both accountability and public trust in AV systems, making 
it particularly well-suited for the challenges of societally 
aligned decision-making in automated driving.

A crucial aspect of applying AU is the method used to 
elicit human ethical judgments, meaning the process of pre-
senting ethically complex scenarios to human participants 
and gathering their evaluations of which moral attributes—
such as harm, responsibility, or fairness—should guide the 
automated vehicle’s decisions. These attributes will ulti-
mately be used to define the ethical goal function of the AV. 
Previous studies have used a range of elicitation methods, 
including text-based surveys, static images, video stimuli, 
and immersive virtual reality (VR) environments [3, 6–8, 10, 
12, 16, 17, 19, 25]. However, the chosen elicitation method 
may significantly impact how participants engage with moral 
dilemmas, potentially influencing the outcomes of studies 
and, consequently, the design of AV decision-making mod-
els. Furthermore, the complexity of moral decision-mak-
ing in AVs requires a robust methodological approach to 
accurately capture the diversity of human moral values. It 
is essential to account for individual differences in moral 
reasoning to ensure that the collected data reflect a broad and 
representative spectrum of ethical perspectives. Variations 
in scenario presentation, the level of engagement, and the 
degree of realism may affect the moral attributes that partici-
pants prioritise. Understanding these effects is essential for 
designing AVs that can make ethical decisions in real-world 
traffic situations which align with societal values.

The way ethical scenarios are visually presented in 
AV studies is of profound practical significance, as it 
can influence moral judgment and, ultimately, algorith-
mic decision-making in life-or-death situations. Research 
shows that people's ethical evaluations and preferences 
shift depending on the realism and immersion of the visual 
context. For instance, Cecchini et al. [9] argue for mov-
ing beyond abstract trolley dilemmas by using realistic 
traffic simulations to better reflect how humans make 
moral decisions in actual driving contexts [9]. Similarly, 
Francis et al. [13] demonstrate that virtual reality-based 
moral dilemmas elicit greater endorsement of utilitarian 
decision-making compared to passive observation, which 
can lead to different outcomes in ethical decision-making 
[13]. These differences are not trivial—how scenarios are 
perceived can influence which lives are prioritised in AV 
algorithms, as emphasised in the Ethical Valence Theory 
proposed by Evans et al. (2020), which treats moral claims 
as inputs for computational ethical reasoning (Evans et al., 

2020). As such, the mode of representation directly shapes 
ethical intuitions and preferences, making it a crucial fac-
tor in the socially acceptable design of AV behaviour.

The scenarios used in this study were carefully con-
structed to reflect ethically relevant trade-offs that auto-
mated vehicles may face in real-world contexts. Each 
scenario was designed to instantiate moral attributes 
drawn from established biomedical ethics and moral 
psychology frameworks, such as fairness, utility, harm, 
and responsibility. By operationalising these attributes 
through concrete instances—such as differences in age, 
disability, legal behaviour, or moral responsibility—the 
scenarios model realistic dilemmas that AVs may encoun-
ter in dynamic environments. This design ensures that the 
moral judgments elicited from participants are grounded 
in ethically meaningful dimensions, rather than hypotheti-
cal or artificially simplified dilemmas. As such, the sce-
narios contribute directly to the ethical programming of 
AV decision-making systems by enabling the evaluation 
of moral preferences across a representative spectrum of 
social values.

The goal of eliciting moral attributes for AVs is to cap-
ture how human observers morally evaluate complex driving 
scenarios—evaluations that are used as inputs in shaping 
the behaviour of automated systems. Within the AU frame-
work, these human preferences directly inform the ethical 
goal functions that govern AV decision-making. As such, the 
method used to elicit these values is not a neutral choice: dif-
ferent elicitation methods can lead to different prioritizations 
of moral attributes, which in turn affect how AVs act in prac-
tice. Assessing and comparing elicitation methods—such 
as 2D schematic representations versus 3D animations—is 
therefore essential to ensure that the moral data collected is 
both contextually accurate and aligned with societal expecta-
tions. Importantly, participants in this study were not asked 
what they themselves would do in each scenario, but rather 
what they believed the AV should do. This distinction rein-
forces the “experiencer” or bystander role central to the AU 
framework, which focuses on the societal perspective rather 
than individual self-interest. In this context, participants are 
not acting as drivers or agents in the scenario, but as soci-
etal observers/experiencers making normative judgments 
about what an automated vehicle should do. This distinc-
tion ensures that the elicited values reflect a third-person, 
impartial perspective aligned with the societal focus of the 
AU framework. The theoretical contribution of this study 
lies in its systematic examination of how presentation format 
influences the moral preferences elicited, and consequently, 
the ethical logic embedded in AV systems.

Prior research suggests that more immersive methods, 
such as VR, elicit stronger emotional responses, leading to 
an increased tendency toward utilitarian decision-making 
versus deontological decision-making [13, 18]. Greater 



420	 Human-Centric Intelligent Systems (2025) 5:418–430

realism may also improve scenario comprehension, poten-
tially supporting more extensive attribute elicitation.

This study investigates whether previously observed 
effects of immersive media on moral judgment and scenario 
comprehension extend to AV-related ethical decision-mak-
ing. Specifically, 2D schematic representations (2DS) and 
3D animations (3DA) are compared as methods for eliciting 
moral attributes in AV contexts.

2 � Hypotheses

2.1 � Greater Utilitarianism in Video

Utilitarianism is a normative ethical framework aimed at 
maximising the overall good. It can be divided into posi-
tive utilitarianism, which seeks to increase happiness and 
benefits for the greatest number, and negative utilitarianism, 
which focuses on preventing or reducing suffering as the 
primary moral goal. In the context of AV decision-making, 
negative utilitarianism would emphasise attributes such as 
Physical Damage, Psychological Harm, and Perceived Vul-
nerability, prioritising harm minimisation before consider-
ing other factors. In contrast, positive utilitarianism would 
consider attributes like Time Delay, focusing on enhancing 
overall happiness by prioritising factors that promote physi-
cal safety, psychological comfort, and an optimal driving 
experience.

This study examines the expectation that 3DA will prompt 
more negative utilitarian responses than 2DS because higher 
realism and immersion increase emotional engagement and 
perceived urgency in moral decision-making. Maćkiewicz 
et  al. [18] suggest that more immersive environments 
heighten participants’ sensitivity to potential harm, leading 
to stronger aversion to negative outcomes.

In critical scenarios, in which the probability of harm is 
high, a greater negative utilitarian response would priori-
tise attributes that focus on minimising overall harm. It is 
expected that attributes such as Physical Harm, Psychologi-
cal Harm, and Perceived Vulnerability will be rated higher 
in relevance with 3D representations than 2DS. Negative 
utilitarian decision-making emphasises reducing suffering 
and protecting vulnerable individuals, which is crucial in 
urgent situations. Additionally, Moral Responsibility and 
Fair Innings are expected to increase in relevance, as utili-
tarianism seeks to distribute benefits and burdens equitably 
across society, ensuring that critical decisions consider the 
broader impact.

In non-critical scenarios, in which decisions have less 
immediate or severe consequences, the emphasis on negative 
utilitarian attributes might be less pronounced. However, a 
shift towards attributes that promote collective happiness is 
still expected, focusing on positive utilitarianism. Attributes 

like Car Preservation might be rated lower, as utilitarian-
ism prioritises the greater good over individual interests, 
even in less urgent situations. Furthermore, Time of Arrival 
and Legality might also be influenced by the video repre-
sentation, with utilitarian responses potentially placing less 
emphasis on efficiency or strict rule adherence if these con-
flict with achieving the best overall outcome.

2.2 � Improved Elicitation of Moral Attributes 
with 3D Animations

As highlighted by Mackiewicz et al. [18], increased realism 
may enhance the elicitation of moral attributes by fostering a 
richer understanding of the situation. Experimental settings 
that are more realistic and immersive may be better suited 
for this purpose, as they enable participants to consider a 
wider array of contextual factors that might not be apparent 
in abstract formats such as text or 2D illustrations.

This hypothesis is tested by examining participants' 
responses to the scenarios, particularly the number of new 
attributes they propose and the nature of their feedback. It 
is expected that 3DA may lead to a higher number of newly 
proposed attributes or fewer comments indicating confusion.

3 � Methodology

3.1 � Scenario Representation

In this experiment, 2DS, meaning abstract drawings of a 
traffic scenario, is compared to 3DA, meaning a computer-
generated video of a 3D traffic scenario, for eliciting moral 
attributes for AV decision-making.

3DA was selected instead of Virtual Reality (VR) to 
maintain a third-order perspective: instead of embodying 
a specific character, the participants were asked to observe 
the scenario from a detached, observational vantage point 
that allows for critical analysis and a holistic understanding 
of the scene's dynamics.

VR's first-person immersion can influence participants' 
perceptions by shaping their viewpoint within the sce-
nario, placing them in a first-order perspective, experi-
encing the scenario as if they were directly involved, such 
as the driver or a pedestrian in the scene. In contrast, 3D 
video representations and 2DS present situations from a 
third-order perspective, aligning with John Rawls' ‘‘veil 
of ignorance’’ concept [21], which advocates for ethical 
decisions made from an impartial perspective to max-
imise societal happiness. By removing the individual's 
immediate self-interest and personal circumstances, this 
approach encourages participants to evaluate complex 
scenarios through an impartial lens, focusing on systemic 
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implications rather than subjective responses. Participants 
act as observers or "experiencers," fulfilling the normative 
role in moral situations [24].

3.2 � Format Differences and Their Potential Effects

The two distinct presentation formats, 2DS and 3DA, dif-
fer across multiple dimensions. These differences create 
methodological challenges in isolating specific causal fac-
tors influencing moral judgments.

One of the most fundamental differences is that 3DA 
incorporate movement and temporal progression, allow-
ing participants to observe the unfolding of events rather 
than inferring them from a static snapshot. This dynamic 
presentation enables observation of behavioural patterns, 
reaction times, and causal sequences that might influence 
vulnerability, responsibility, and risk attributions.

While the dynamic nature of 3D animations is a key 
distinguishing factor, the two presentation formats differ 
across several other dimensions that may influence par-
ticipant responses. These include differences in colour 
(black-and-white in 2DS versus full-colour in 3DA), vis-
ual richness (minimalistic line drawings versus textured, 
realistic scenes), depth perception (flat, schematic layout 
versus three-dimensional perspective with spatial depth), 
and environmental context (limited background detail in 
2DS versus immersive settings with ambient elements in 
3DA). These multi-sensory features may contribute to 
enhanced situational awareness, emotional engagement, 
and comprehension of moral dynamics. For instance, 
improved depth cues in 3DA allow participants to more 
accurately assess distances, speeds, and spatial relations 
between road users—factors that are crucial in evaluating 
accident probability and perceived responsibility. Simi-
larly, richer environmental details may increase perceived 
realism and prompt more intuitive moral judgments. The 
observed effects should be interpreted as the result of the 
combined influence of these presentation features.

Differences in presentation formats, despite their mul-
tifaceted nature, may influence moral judgments through 
a common pathway of increased emotional arousal. The 
enhanced realism, dynamic nature, and perceptual richness 
of 3DA likely intensify emotional engagement with the 
scenarios, which previous research has linked to more util-
itarian decision-making in moral dilemmas [18]. However, 
it is important to note that emotional engagement does not 
linearly correlate with better decision-making,excessive 
emotional arousal can hinder rational processing and lead 
to suboptimal or biased judgments. Thus, while 3D sce-
narios may improve ecological validity and engagement, 
their influence on ethical decision-making must be inter-
preted with caution.

3.3 � Attribute Selection

The objective of this experiment was to compare the differ-
ences between two different elicitation methods—specifi-
cally, 3DA and 2DS—in capturing moral attributes for AV 
decision-making. This study is grounded in the framework 
of Augmented Utilitarianism (AU), a non-normative ethi-
cal model that integrates elements of virtue ethics, deon-
tology, and consequentialism, as well as moral psychology 
and neuroscience [1, 2].

Unlike traditional utilitarian approaches that focus 
solely on maximising overall happiness, AU introduces 
dynamic ethical goal functions that adapt to societal val-
ues and situational contexts. These goal functions quantify 
moral attributes and adjust decision-making processes in 
real-time, ensuring that AVs align with predefined ethical 
considerations.

A primary objective of AU involves defining and vali-
dating a set of moral attributes that contribute to an ethi-
cal goal function. This process includes systematically 
analysing participant responses across various elicitation 
methods to refine the weighting and applicability of these 
attributes in the context of AV decision-making.

The first set of attributes has been selected following the 
method based on AU described by Gros et al. [15]. Estab-
lishing these attributes in advance ensures a structured and 
systematic approach to analysing moral decision-making 
in AV scenarios. Without predefined attributes, partici-
pants might rely on highly subjective or inconsistent crite-
ria, making comparisons across scenarios difficult. Using 
a well-defined set of attributes, as outlined in Table 1, 
establishes a foundation for evaluating the impact of dif-
ferent presentation formats on the perceived importance 
of these attributes.

Level 1 reflects the concept of harm as defined in the 
moral psychology theory of dyadic morality, involving an 
agent, an action, and a patient [22]. Levels 2, 3, and 4 are 
based on biomedical ethics principles adapted for mobility 
[5]. Level 2 distinguishes between Cost, Benefits (Utility), 
and Justice (Fairness), which are key principles in biomedi-
cal ethics [5]. Levels 3 and 4 further break down these prin-
ciples into more specific attributes. Level 5 attributes repre-
sent various instances of Level 4 categories.

This experiment focuses on the relevance scores at Level 
4, which are essential for explaining decision-making in spe-
cific scenarios. The attributes are defined as follows:

Physical Harm: Amount of physical damage done to an 
individual or a group of individuals. It includes all damage, 
from minor (bruise) to major (death), done to all concerned 
individuals.

Perceived Vulnerability: Vulnerability not directly 
linked to physical harm. For example, disabled people 
might be perceived as more vulnerable, even in situations 
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where they would sustain the same amount of physical 
damage as someone not disabled.

Psychological harm: Any psychological damage that 
could result from a situation, to the potential victim and 
other parties (i.e. family and friends of the victim).

Social utility: The level of social or economic value a 
person is considered to possess. It is used to rank how dif-
ferent people benefit society as a whole.

Moral responsibility of the pedestrian: A person is mor-
ally responsible for creating, by their actions, a situation 
in which risk of harm is imposed on themselves and/or 
others. For example, by crossing the road without look-
ing, one is responsible for creating a risk to oneself and 
potentially others.

Legality: An action is considered to be illegal if it is 
explicitly forbidden by the law. The legality of the pedes-
trians applies to the previous or current action of the 
pedestrians, such as crossing at a red light.

Fair innings: The fair innings argument takes the view 
that everyone is entitled to live a certain number of years. 
Everyone who does not get to live at least this number of 
years suffers the injustice of being cut off in their prime.

Lottery: A lottery system involves choosing randomly 
between different outcomes.

Time delay: Represents the importance of arriving on 
time. The arrival time can be influenced by any action of 
the AV. For example, slowing down to pass near a pedes-
trian would create a time delay, and the car would arrive 
later at its destination. Keep in mind that if the arrival time 
is never relevant, the car will never move.

Car preservation: Harm done to the owner of the vehicle 
following physical damage to the vehicle.

Lower-level attributes, such as those at Level 5, are 
broader and can encompass multiple Level 4 attributes, mak-
ing them less useful for explanation-based decision-making. 
For example, the Level 5 attribute "Age" can be linked to 
both Fair Innings and Perceived Vulnerability, meaning it 
lacks the specificity needed for precise judgments in a given 
scenario.

To create the scenarios, one or more instances (Level 5) 
were selected for each Level 4 attribute. To cover all Level 
4 attributes, 11 instances were tested: family status, gen-
der, child, senior, disabilities, profession, the legality of the 
action, lottery, pedestrian's moral responsibility, car preser-
vation, and time delay. In addition, for each attribute, both a 
critical (high probability of physical harm) and a non-critical 
(low or absent probability of physical harm) scenario were 
presented.

3.4 � Procedure

Two separate studies were conducted: one in which par-
ticipants evaluated 2DS and another in which they assessed 
3DA. The first group of participants was presented with 
abstract picture scenarios (Fig. 1) with a descriptive text, 
while the second group was presented with 3DA. The videos 
reprised the schematic representations, showing a 3D-ren-
dered version of it made with Unity. To maintain a neutral 
point of view, the video showed two perspectives: one on 
top of the AV and one behind the pedestrian. Both the 2DS 

Table 1   Classification of attributes based on biomedical ethics and moral psychology

Level 1 Level 2 Level 3 Level 4 Level 5

Patient Utility Harm Physical Harm Severity of damage
Type of damage (temporary/permanent)

Psychological Harm Family Status
Perceived Vulnerability Age

Physical condition (disability)
Gender

Social Utility Social Status Age
Physical Condition
Profession
Gender
Family status

Fairness Liability Moral responsibility /
Fair opportunity Fair innings Age

Action of AV Fairness Liability Legality /
Fair opportunity Lottery /

Agent Cost Timeliness Time Delay /
Financial Cost Car preservation /
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and 3DA also had a text description giving some detail about 
the scenario, for example, for critical scenarios: “An empty 
AV is driving on a road. It comes across a crosswalk where 
2 pedestrians are crossing, one of them is a small child (2). 
Apart from this, the two pedestrians look similar. The AV 
tries to stop; however, the brakes are not responsive. The 
connection wire to the brakes is defective. The AV has to 
make a trajectory decision.” And for non-critical scenarios: 
“An empty AV is driving on a narrow one-way road. There 
are sidewalks on both sides, each with one pedestrian. The 
pedestrian on the right sidewalk is in a wheelchair (2). The 
AV has to position itself on the road (such as leaning more 
on one side or the other or slowing down).”

Participants were then asked to score the relevance of 
each of the attributes on a scale from 1 to 5, for each of the 
scenarios. All of the attributes were asked in each scenario 
to mitigate specific interaction effects.

As the experiment is explanation-based, after each ques-
tion, the participants were asked to give explanations about 
their decision-making. This helped understand why certain 
attributes were ranked higher on certain scenarios, especially 
on scenarios that included multiple attributes, and to make 
sure that the question was understood correctly.

After each scenario, participants were asked if they 
perceived the scenario as critical, and if they thought the 
scenario was relevant for AV decision-making (Q1: “Do 
you perceive this scenario as critical? A critical scenario is 
defined as a scenario where the probability of harm is high”; 
Q2: “Do you find this scenario to be relevant in identifying 
the attributes relevant in the population's decision-making 
for automated driving?”). At the end of the questionnaire, 
they were also asked if they believed that these attributes 
fully described AV decision-making (Q3: “Do you think that 
these attributes completely define the AV's decision-making? 
If not, what would be missing?”).

The 11 scenarios were presented in random order. Par-
ticipants did not have any time restrictions, and in the 3DA 
experiment, they were able to replay the videos at will.

Additionally, participants had multiple opportunities to 
propose new attributes. Firstly, after ranking each of the 

attributes after a scenario, they had the opportunity to add 
their own attribute to the list and to rank it as well, if they 
believed that another attribute might come into play in this 
particular scenario. Secondly, they had another opportunity 
at the end of the questionnaire, when they were asked if they 
believed that these attributes completely described the AV’s 
decision-making and, if not, what was missing. They also 
had a final opportunity to add any other remarks that they 
believed could be relevant.

3.5 � Participants

A total of 204 participants were recruited, comprising two 
distinct groups studied approximately one year apart. Par-
ticipants were university students recruited through campus 
posters and announcements, with each participant receiving 
a 10€ compensation for completing the experiment.

3.5.1 � 2D Schematic Representations Group Demographics

The 2DS group (n = 103) consisted of 47 females, 52 males 
and 4 prefer not to say. Age distribution was as follows: 73 
participants aged 18–24, 28 participants aged 25–34 and 2 
older than 35. Employment status revealed 82 students, 13 
part-time employees, 7 full-time employees, and 1 unem-
ployed. The educational background showed 64 participants 
with bachelor's degrees, 21 with high school diplomas, 15 
with master's degrees, and 3 others.

Regarding transportation habits, 74 participants held a 
driver's license. Primary modes of transportation were bicy-
cles (51 participants), public transport (41 participants), and 
cars (8 participants). Driving frequency varied: 28 partici-
pants drove 2–4 times per week, 2 drove daily, 10 never 
drove, 26 drove once a month, and 19 drove once per week.

3.5.2 � 3D animations Group Demographics

The 3DA group (n = 101) comprised 45 males, 52 females, 
and 4 preferred not to say. Age distribution included 65 
participants aged 18–24 and 32 participants aged 25–34. 

Fig. 1   Non-Critical “Gender” 
scenarios in 2DS and 3D video 
representation
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Employment status showed 73 students, 17 full-time 
employees, 10 part-time employees and 1 unemployed. 
Educational levels consisted of 28 high school graduates, 
38 bachelor's degree holders, 32 with master's degrees, and 
3 others.

Similar to the 2DS group, 72 participants possessed a 
driver's license. Transportation preferences were: public 
transport (48 participants), bicycles (38 participants), and 
cars (11 participants). Driving frequency was reported as: 7 
participants never drove, 20 drove once a month, 13 drove 
once per week, 14 drove 2–4 times per week, and 3 drove 
daily.

Both groups primarily consisted of university students 
and PhD candidates, which was an intentional choice aimed 
at maintaining a homogeneous sample, facilitating com-
parison of the experimental results between groups. This 
selection helped reduce inter-group variability and enhance 
internal consistency, particularly given the sample size, 
which, while limited, was sufficient for detecting statisti-
cally significant effects in key comparisons. As a result, the 
majority of participants were members of the general public 
with limited professional driving experience. As the aim of 
this study was to investigate whether differences in scenario 
representation influence the elicitation of moral attributes 
and not to use these results to build an ethical goal function 
for AV decision-making, this study does not claim that the 
attributes elicited are representative of the broader popu-
lation. Ultimately, this method should be applied across a 
range of societal target groups to ensure the inclusivity and 
generalisability of the findings.

3.6 � Data Analysis

The data analysis was structured to assess whether presen-
tation format (2D schematic representations vs. 3D anima-
tions) significantly influenced the prioritisation of moral 
attributes in AV scenarios. Given the ordinal nature of the 
data (Likert-scale responses) and the lack of normal dis-
tribution, non-parametric statistical methods were used 
throughout.

To evaluate overall differences in attribute ratings across 
scenarios, the average Likert-scale score of each moral 
attribute was calculated, aggregated both within each sce-
nario and across all scenarios in which the attribute was 
relevant. These aggregated scores were compared between 
experimental conditions using nonparametric multivari-
ate analysis of variance (MANOVA), as implemented 
through the npmv package in R. This approach was selected 
due to its suitability for analysing multivariate, non-nor-
mally distributed data without relying on assumptions of 
homoscedasticity.

To examine attribute-level differences in more detail, 
Wilcoxon rank-sum tests (Mann–Whitney U tests) were 

conducted to compare the distributions of individual attrib-
ute scores across conditions. This test was chosen because it 
is robust to non-normal data and appropriate for comparing 
two independent groups.

For each scenario and attribute, only those considered 
relevant to the context were included in the analysis. For 
example, in the vulnerability scenario, only Physical Dam-
age and Perceived Vulnerability were analysed. Attribute 
results were further separated by scenario type (critical vs. 
non-critical) to account for contextual variation in moral 
priorities.

To assess differences in participant comprehension 
between the two presentation formats, three binary and cate-
gorical response variables were analysed: perceived scenario 
criticality, perceived relevance for AV decision-making, and 
agreement on attribute completeness. Given the categorical 
nature of these variables, chi-square tests of independence 
were used to evaluate whether response distributions signifi-
cantly differed between the 2D schematic and 3D animation 
conditions.

4 � Results

The results were analysed by aggregating the average Likert-
scale score of each attribute on its relevant scenarios, as well 
as across all its relevant scenarios. These results were then 
compared using the method (2DS or 3DA) as the predictor 
variable.

Results of the npmv package show significant differ-
ences in aggregated results for both critical (ANOVA-type 
test: T = 25.408, p-value < 0.001) and non-critical scenarios 
(ANOVA-type test: T = 14.283, p-value = 0).

4.1 � Results per Scenario

The average ratings for each moral attribute across differ-
ent scenarios were calculated. For each scenario, only the 
relevant attributes were taken into account. For example, for 
the vulnerability scenario (visually impaired man vs. non-
visually impaired man), the attributes Physical Damage and 
Perceived Vulnerability are taken into account in the results. 
For some other scenarios, this did not play a role.

First, the main effect of scenario presentation (3DA-based 
versus picture-based) was analysed per scenario across 
attributes. The scenarios presenting significant differences 
were:

Car preservation Non-Critical (ANOVA-type test: 
T = 15.147, p-value < 0.001). The ratings of the attributes 
Physical Damage (MV = 3.38, MI = 2.66) and Car Preserva-
tion (MV = 3.11, MI = 3.81) were taken into account as these 
attributes were relevant for this scenario.
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Senior Critical (ANOVA-type test: T = 2.594, 
p-value = 0.044). The attributes Physical Damage 
(MV = 4.51, MI = 4.27), Vulnerability (MV = 3.09, 
MI = 2.59), Social Status (MV = 1.77, MI = 1.54), Fair 
Innings (MV = 2.55, MI = 2.42) were taken into account.

Moral Responsibility Critical (ANOVA-type test: 
T = 4.588, p-value = 0.012). The attributes taken into 
account were Physical Damage (MV = 4.70, MI = 4.46) and 
Moral Responsibility (MV = 3.55, MI = 3.12).

Gender Critical (ANOVA-type test: T = 5.092, 
p-value = 0.003). The attributes Physical Damage 
(MV = 4.60, MI = 4.60), Vulnerability (MV = 2.60, MI = 2.04) 
and Social Status (MV = 1.66, MI = 1.29) were taken into 
account.

Gender Non-Critical (ANOVA-type test: T = 3.452, 
p-value = 0.022). The attributes Physical Damage 
(MV = 3.85, MI = 3.68), Vulnerability (MV = 2.34, MI = 1.97) 
and Social Status (MV = 1.61, MI = 1.29) were taken into 
account.

Vulnerability Non-Critical (ANOVA-type test: 
T = 110.033, p-value < 0.001). The attributes Physical Dam-
age (MV = 3.92, MI = 3.70) and Vulnerability (MV = 3.72, 
MI = 3.28) were taken into account.

4.2 � Results per Attribute

Second, the main effect of scenario presentation (3DA-based 
versus picture-based) was analysed per attribute across criti-
cal and non-critical scenarios.

In this analysis, all results of each attribute were consid-
ered within their relevant scenarios. For example, the moral 
responsibility attribute is pertinent only in the moral respon-
sibility scenario, whereas the physical damage attribute is 
relevant across all scenarios. Additionally, a distinction was 
made between critical and non-critical scenarios, with each 
attribute result aggregated separately for these two types of 
scenarios.

To assess statistical differences per attribute between 
2DS and 3DA, the Wilcoxon rank-sum test was used. The 
Wilcoxon rank-sum test is a nonparametric alternative to 
the two-sample t-test, which is based solely on the order in 
which the observations from the two samples fall. The pre-
dictor variable is the method (3DA or 2DS), and the depend-
ent variables are the attributes.

Statistically significant differences in attribute rankings 
were found for the following attributes: Physical Dam-
age Non-Critical (MV = 3.77, MI = 3.58, W = 547,345, 
p-value < 0.005), Car Preservation Non-critical (Mv = 3.14, 
MI = 3.81, W = 6197, p-value < 0.0001), Social Status Criti-
cal (Mv = 1.81, MI = 1.56, W = 40,455, p-value < 0.03), 
Social Status Non-critical (Mv = 1.79, MI = 1.47, 
W = 38,107, p-value = 0.001214), Vulnerability Criti-
cal (Mv = 3.51, MI = 3.38, W = 67,607, p-value < 0.003), 

Vulnerability Non-Critical (Mv = 3.31, MI = 3.19, 
W = 69,961, p-value < 0.03), Moral Responsibility Critical 
(Mv = 3.55, MI = 3.12, W = 3962.5, p-value < 0.02) (Tables 2 
and 3).

Except for the Car Preservation attribute, all the statisti-
cally significant attributes have scored higher in 3DA than 
in 2DS. Figure 2 offers an overview of the scores of each 
attribute in 2DS and 3DA, in both critical and non-critical 
scenarios.

4.3 � Overall Comprehension

4.3.1 � Scenario Criticality Assessment

To evaluate how participants perceived the urgency of each 
scenario, they were asked to classify each scenario as either 
critical or non-critical following presentation (Q1: “Do 
you perceive this scenario as critical? A critical scenario 
is defined as a scenario where the probability of harm is 
high). For scenarios designed as critical, 83% of participants 
in the 2DS condition classified them as critical, compared 
to 81% in the video-based condition. Conversely, for sce-
narios designed as non-critical, 60% of participants in the 
2DS-based condition identified them as non-critical, while 
50% of participants in the video-based condition made this 
assessment.

4.3.2 � Scenario Relevance Assessment

Following each scenario presentation, participants evaluated 
the relevance of the situation for AV decision-making (Q2: 
“Do you find this scenario to be relevant in identifying the 
attributes relevant in the population's decision-making for 
automated driving?”). A noticeable difference was observed 
between presentation formats. In the 2DS-based scenarios, 
an average of 62% of participants judged the scenarios as 
relevant, 17% as potentially relevant, and 21% as not rel-
evant for AV decision-making. In contrast, the video-based 
scenarios were perceived as relevant by 75% of participants, 
with just 12% considering them irrelevant. A chi-square test 
of independence indicated that this difference was statisti-
cally significant χ2 (2, N = 4285) = 94.2944, p < 0.00001) 
where N represents the total number of scenario evalua-
tions across all participants and conditions. This result sug-
gests that video-based presentations were more frequently 
identified as relevant for eliciting moral attributes in AV 
decision-making.

4.3.3 � Attribute Completeness Assessment

At the end of the experiments, participants were asked 
whether the provided attributes fully defined AV decision-
making. In the 2DS-based scenarios, the responses were 
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approximately balanced, with 52 participants agreeing and 
51 disagreeing. In contrast, in the video-based experiment, 
approximately one-third of the participants (65) agreed that 
the attributes completely defined AV decision-making, and 
only 36 disagreed. The results show a chi-square statistic 
of χ2 (1, N = 204) = 4.0114, with a p-value of 0.045. This 
indicates that the difference in agreement rates between the 
two conditions is statistically significant at the 0.05 level.

4.3.4 � Proposal of New Attributes

When asked about missing attributes Q3: “Do you think that 
these attributes completely define the AV's decision-mak-
ing? If not, what would be missing?”), participants in both 
experiments proposed environmental damage (i.e., damage 
to the surroundings) and sustainability as additional attrib-
utes. In both experiments, 8 participants suggested relevant 
new attributes. In the 2DS experiment, more participants 
(14) were unsure about which attributes were missing after 
expressing dissatisfaction, compared to 10 in the video 
experiment. Additionally, a similar number of participants 
in each experimental format suggested variations of exist-
ing attributes, with 17 in the video experiment and 16 in the 
2DS experiment.

5 � Discussion

The results of this study provide evidence that supports the 
hypothesis of greater utilitarianism and comprehension in 
responses when participants are exposed to 3DA compared 
to 2DS. This section will discuss the key findings and their 
implications in the context of the hypotheses.

5.1 � Greater Utilitarian Responses in 3D Animations

The hypothesis predicted that 3DA would induce greater utili-
tarianism in participant responses. The results indicate signifi-
cant differences in attribute ratings across several scenarios.

The findings indicate that participants exposed to 3DA rated 
attributes such as Physical Damage, Vulnerability and Moral 
Responsibility as being higher in relevance compared to those 
exposed to 2DS, while rating the Car Preservation attribute as 
less relevant in 3D video. Time Delay was also rated lower in 
video scenarios than in 2DS. This difference is not necessarily 
due to participants perceiving the speeds in the scenarios as 
faster, as the time delay would occur after an incident happens, 
which was not shown in the video.

Physical Damage and Vulnerability: The higher ratings for 
Physical Damage and Vulnerability in 3DA suggest that partici-
pants are more attuned to the potential harm and vulnerability 
of individuals when presented with dynamic visual informa-
tion. This heightened awareness likely influences their decisions 
towards minimising harm, a core negative utilitarian principle.

Car Preservation: The lower rating for Car Preservation 
in non-critical 3DA indicates that participants may prioritise 
human safety over material preservation when exposed to more 
immersive stimuli. This shift reflects a utilitarian focus on the 
greater good rather than individual or material interests.

Social Status and Moral Responsibility: The increased 
relevance of Social Status and Moral Responsibility in 3DA 
suggests that participants consider the broader societal 
impact and equitable distribution of benefits and burdens. 
This aligns with utilitarianism's goal of achieving the best 
overall outcome for society.

Unlike hypothesised, the Fair Innings attribute did not 
yield greater results with 3DA than 2DS. One possible 

Fig. 2   Results of attribute scores distinguishing 2D schematic representations and 3D animations experiment, and critical and non-critical sce-
narios
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explanation is that its relevance may be less influenced 
by increased immersion. Unlike attributes such as Physi-
cal Damage or Perceived Vulnerability, which can be more 
directly visualised and emotionally engaged within dynamic 
scenarios, Fair Innings is an abstract concept based on life-
course considerations rather than immediate situational cues. 
As a result, participants may rely on their pre-existing moral 
beliefs rather than being significantly influenced by the pres-
entation format. Additionally, if 3DA heightened partici-
pants’ focus on immediate harm and risk factors, attributes 
tied to long-term fairness considerations might have been 
comparatively deprioritised in their decision-making.

In conclusion, this study supports the hypothesis that 
3DA induce greater utilitarianism in responses compared to 
2DS in automated vehicle and human interaction scenarios. 
The dynamic nature of 3DA leads participants to prioritise 
attributes that focus on minimising harm, reflecting a utili-
tarian approach to decision-making.

5.2 � Confidence and New Attributes

This study also supports the notion that increased realism in 
experimental settings may enhance the elicitation of moral 
attributes, making it easier for participants to recognise mor-
ally relevant factors, interpret social and environmental cues, 
and consider the real-world implications of their decisions.

5.2.1 � Scenario Criticality Assessment

The results of the scenario criticality assessment (Q1) reveal 
two important patterns in scenario comprehension across 
presentation formats. First, the similar rates of correct iden-
tification for critical scenarios (83% 2DS vs. 81% 3DA) 
suggest that both 2D schematic and 3D video formats effec-
tively communicate situations of high urgency or danger. 
This consistency indicates that critical scenarios maintain 
their salience regardless of presentation medium.

However, the substantial difference in correctly identify-
ing non-critical scenarios (60% vs. 50%) points to a potential 
bias in the video-based presentation. Participants viewing 
3DA were more likely to incorrectly classify non-critical 
situations as critical, suggesting that the dynamic nature of 
3DA may heighten perceived risk or urgency even in rela-
tively benign scenarios. This "criticality bias" in 3DA could 
be attributed to several factors:

•	 Temporal dynamics in videos may amplify perception of 
potential risks.

•	 Motion and sound cues might trigger heightened alert-
ness.

•	 The immersive quality of video may increase emotional 
engagement.

This differential pattern between critical and non-critical 
scenario identification highlights an important methodologi-
cal consideration: while 3DA may enhance ecological valid-
ity and perceived relevance, it may also introduce a tendency 
to perceive scenarios as more critical than intended.

This phenomenon has been documented in existing litera-
ture, where studies indicate that highly immersive environ-
ments can markedly amplify emotional responses, thereby 
affecting cognitive assessments of scenario criticality [20, 
23]. This is further supported by the theory of constructed 
emotion, which posits that emotions are not hardwired 
responses but are constructed from core affective experi-
ences and contextual interpretations [4]. In immersive set-
tings, the vivid sensory input and heightened arousal can 
lead participants to "construct" emotional experiences that 
increase the perceived significance of events. Thus, while 
3D animations can enhance engagement and memory, they 
may also increase the perceived criticality of certain sce-
narios [20]. This aligns with the understanding that our 
cognitive biases are deeply rooted in neuro-evolutionary 
processes that prioritise immediate, emotionally charged 
information—a mechanism that was advantageous for quick 
decision-making in ancestral environments. Thus, while 3D 
animations can enhance engagement and memory, they may 
also increase the perceived criticality of certain scenarios by 
tapping into these innate cognitive and emotional processes.

While it might be tempting to view the influence of emo-
tions and cognitive biases as negative, they are essential to 
human cognition. Emotions and intuition provide the initial 
impetus for action, crucial in both everyday and complex 
scenarios. The bias lies not in the emotion itself but in its 
interpretation, which can vary across different cultural per-
spectives. Thus, these processes deepen our understanding 
of human cognition, even as we remain aware of their poten-
tial to skew perceptions.

5.2.2 � Scenario Relevance Assessment

The notably higher relevance ratings (Q2) for video-based 
scenarios (75% vs. 62%) suggest that dynamic visual pres-
entations significantly enhance participants' ability to con-
textualise automated driving challenges. This 13 percentage 
point increase in perceived relevance indicates that 3DA may 
better capture the complexity and temporal aspects of driv-
ing situations that static schematic representations cannot 
convey. While greater complexity could, in some cases, lead 
to lower relevance if it overwhelms participants or intro-
duces ambiguity, the reduced uncertainty (fewer "maybe" 
responses) and decreased irrelevance ratings in the video 
condition suggest that, in this context, the added detail pro-
vided by 3DA enhances rather than hinders participants' 
ability to assess the scenarios.



429Human-Centric Intelligent Systems (2025) 5:418–430	

5.2.3 � Attribute Completeness Assessment and Proposal 
of New Attributes

The video format led to higher agreement among participants 
that the given attributes fully defined AV decision-making (Q3), 
indicating a clearer understanding of the decision-making pro-
cess. Both formats saw participants propose environmental 
damage and sustainability as additional attributes, but the 3DA 
had fewer dissatisfied participants and proportionally more rel-
evant new attribute suggestions. This aligns with the hypothesis 
that 3DA would lead to more new attributes or less confusion.

The similar number of new attributes proposed in both 
formats suggests that while both allowed for attribute refine-
ment, the video format facilitated better comprehension, as 
fewer participants were unsure about missing attributes.

Overall, the 3DA’ realism improved participants' ability 
to comprehend and propose moral attributes for AV deci-
sion-making, underscoring the value of immersive settings 
in eliciting nuanced moral judgments.

5.3 � Limitations and Further Research

The 3DA, while more immersive than 2DS, still do not fully 
replicate the complexity of real-world driving situations. This 
methodological constraint stems from several key challenges in 
capturing the nuanced, dynamic nature of driving environments.

3DA, despite their enhanced visual fidelity, were not 
designed in this experiment to fully simulate the unpredict-
able variables of real-world driving, such as subtle environ-
mental cues, peripheral awareness, and complex interactions 
between multiple road users. While incorporating these ele-
ments is possible, it would require significantly more effort 
and computational resources.

In addition, two-dimensional video presentations inher-
ently restrict depth perception and spatial judgment. In addi-
tion, two-dimensional video presentations inherently restrict 
depth perception and spatial judgment. Although referred to 
as "3DA," these animations are still displayed on a flat, two-
dimensional screen, meaning viewers do not experience true 
stereoscopic depth as they would in a real-world or virtual 
reality (VR) environment.

Future studies could explore the use of VR or augmented 
reality to create even more realistic environments. These 
technologies offer potential advantages, including immer-
sive 360-degree perspectives, interactive scenario genera-
tion, and precise manipulation of environmental variables.

However, the increased realism of VR also presents chal-
lenges. VR environments can lead to heightened perspective-
taking and emotional engagement, which may compromise 
the participants' ability to maintain a societal perspective 
[18]. Further VR studies should therefore incorporate miti-
gation strategies to control immersion and embodiment, as 
well as perspective-taking assessments.

Additionally, while the findings indicate that 3DA tend to 
induce more utilitarian responses in moral decision-making 
compared to 2DS, it is important to emphasise that this effect 
cannot be attributed solely to the 3D format itself. Rather, the 
observed differences result from the broader mode of presenta-
tion, which encompasses multiple interrelated factors. These 
include the increased level of perceptual detail, dynamic move-
ment, realism of characters, perceived urgency through speed, 
and the salience of individual characteristics such as age, gen-
der, or mobility. Each of these elements may independently 
or jointly influence participants’ moral evaluations, making it 
difficult to isolate the effect of 3D as a single variable. Future 
research should aim to disentangle these components to better 
understand which aspects of immersive media most signifi-
cantly shape moral judgments.

6 � Conclusion

This study demonstrates that the method used to elicit moral 
attributes significantly influences the outcomes of AV deci-
sion-making models. 3D animations, with their dynamic 
and immersive nature, fostered a deeper understanding of 
moral dilemmas and led to more utilitarian responses than 
2D schematic representations. Participants exposed to 3D 
animations prioritised attributes that focused on minimising 
harm, aligning with utilitarian principles. The video format 
also facilitated better comprehension and proposal of new 
attributes, indicating its effectiveness in capturing nuanced 
moral judgments. These findings highlight the importance of 
representation in moral elicitation and suggest that optimis-
ing scenario presentation can help ensure that AV decision-
making models align more closely with societal values.

Building on these findings, the results suggest that 3D ani-
mations may serve as a more effective method for eliciting 
moral attributes in AV ethics research, due to their capacity 
to convey contextual detail and temporal dynamics. However, 
the immersive nature of such formats may also introduce 
systematic variation in participants’ perceptions, such as an 
increased tendency to classify scenarios as critical. While this 
effect is not inherently negative, since emotions and intuition 
play a crucial role in human cognition and decision-making, to 
improve the reliability and comparability of future data collec-
tion efforts, researchers are encouraged to develop standardised 
protocols that include clear scenario design, control for poten-
tial presentation-induced biases, and document the influence 
of multisensory cues on moral evaluations. These measures 
can contribute to the development of ethically informed and 
socially responsive AV decision-making models.
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