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Abstract: The number of studies on Autonomous Vehicle (AV) ethics discussing decision-making
algorithms has increased rapidly, especially since 2017. Many of these studies handle AV ethics
through the eye of the trolley problem regarding various moral values, regulations, and matters of
law. However, the literature of this field lacks an approach to weighting and prioritizing necessary
parameters that need to be considered while making a moral decision to provide insights about
AVs’ decision-making algorithms and related legislations as far as we know. This paper bridges
the gap in the literature and prioritizes some main criteria indicated by the literature by employing
the best-worst method in interval type-2 fuzzy sets based on the evaluations of five experts from
different disciplines of philosophy, philosophy of law, and transportation. The criteria included in
the weighting were selected according to expert opinions and to the qualitative analysis carried out
by coding past studies. The weighing process includes a comparison of four different approaches to
the best-worst method. The paper’s findings reveal that social status is the most important criterion,
while gender is the least important one. This paper is expected to provide valuable practical insights
for Autonomous Vehicle (AV) software developers in addition to its theoretical contribution.

Keywords: autonomous vehicles; transportation; trolley dilemma; ethics; the best-worst method;
artificial intelligence

1. Introduction

Throughout history, technological advances have had a major impact on modern soci-
ety. Groundbreaking innovations in areas that directly affect the personal life of everyone,
such as transportation, have completely changed the cities we live in and how we live.
Automobiles, since their invention in the early 20th century, have become the most popular
mode of transport, thus dramatically changing our lives. The results of the invention of
automobiles included increased mobility for individuals, new jobs arising to supply the
demand, and legislative requirements (e.g., safety standards, highway rules, and driver’s
licenses). The next big mobility-related innovation, which is assumed to have a similar
impact, is AV technology. AVs are expected to ease everyday life with their promising fea-
tures and benefits (e.g., self-driving, improved mobility for non-drivers, car/ride sharing,
improved safety, reduced congestion, etc.).

As the number of people who benefit from the changes they bring increases, inno-
vations have to go through a shorter period of time before they are publicly accepted
(e.g., mobile/smartphones). End users of these enhancements change their habits for
individual reasons, but the massive transitions bring out critical environmental, economic,
and ethical externalities. As evidenced by all previous similar examples, the upcoming
impacts of such a change in our transportation habits are undeniable. Therefore, it has be-
come necessary to investigate these impacts, foresee the outcomes, and study the required
changes to minimize the disadvantages of the inevitable transition.
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In the 21st century, where technology changes rapidly, to circumvent the transition
period with the least damage for the end users, governments and manufacturers’ regulatory
studies should be more dynamic and responsive [1] The high penetration rate of easily
accepted technological developments requires altered regulations in both directly and
indirectly affected areas. The continuous decisions that an AV must make to allocate the
risk of a crash are ethical decisions [2]. Therefore, in the case of AV technology, machine
ethics is one of the areas that need comprehensive research before fully automated vehicles
become publicly available. It is still unclear how an AV should decide in a trolley dilemma-
like situation or in a more realistic situation where the choice is not binary, and the decision
should be made depending on various parameters.

The number of studies in this field continues to increase rapidly, and there are countless
prestigious studies regarding AVs’ ethics, decision-making algorithms, and how govern-
ments should regulate related legislation. Awad et al. [3] and Noothigattu et al. [4] studied
societal expectations and preferences when faced with an ethical dilemma analyzing the
data collected from the Moral Machine Experiment developed at the Massachusetts Insti-
tute of Technology. Bonnefon et al. [5] and Faulhaber et al. [6] studied binary situations to
discuss the algorithms and ethical settings that will help AVs make moral decisions about
choosing between two evils, such as killing several pedestrians on the road or one passerby.
As much as the findings of these and other similar studies are beneficial in this area, ethical
algorithms that can decide in such binary situations would not be serviceable in most
real-life situations, and Dubljevi¢ [7] exposed this with a scenario where multiple terrorists
use a vehicle for nefarious purposes. If the utilitarian AV is programmed to minimize
the number of casualties, then terrorists could use the AV maliciously by outnumbering
the victims. To solve this problem, the criminal history of all possible victims should be
considered while making decisions. The terrorist example of Dubljevi¢ [7] demonstrates
only one of the countless settings which require unprecedented thinking.

Artificial Intelligence (AI)—which will be the primary decision maker of AVs—has
been broadly used to assist human decision makers and has the possibility to replace them
completely [8]. The mathematics behind the decision-making algorithm should focus on
how to prioritize possible victims of the inevitable accident. There are not any studies in
the literature to our knowledge that aimed to determine the parameters and weight them.
However, it is crucial to weigh all the parameters.

The understanding of morality commonly depends on ethics. The word “ethics” comes
from the Greek word “ethos”. Ethos means the character, spirit, and attitude of a group
of people or culture. There have been many different descriptions of what ethics is [9].
Burks [10] argued that ethics emerge when a person decides between various alternatives
regarding moral principles. In a previous study, Hayes et al. [11] defined ethics as a
set of moral principles, codes of conduct, or values. Many ethical theories have been
developed (Relativism Theory, The Divine Command Theory, Consequences Theories,
Egoism Theory, Utilitarian Theory, Deontology Theory, and Virtue Ethics Theory) as fruits
of different viewpoints.

The relationship between moral values and technology has been discussed in many
ways, such as ethical issues arising from the adoption of technology [12], technologies’
facilitative effects on conveying religious messages to others [13], and the survival and
growing of the Christianity [14].

This paper handles the issue of sacrificing someone to save the more beneficial ones
for society in case of an accident involving autonomous vehicles. A recent paper argued
that the perception of utilitarian ethics might differ across different cultures, and some
people in some cultures do not give more importance to utilitarian ethics [15]. However, in
the case of AVs, a decision must be made, even though religion may not approve of this
decision. In this context, interviews with many religious philosophers and theology experts
were asked to weigh in on which people with alternative demographic characteristics
should be sacrificed. However, experts stated that it would not be possible to make such a
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prioritization religiously. Subsequent detailed research has revealed that relevant questions
can be answered from a utilitarian ethical perspective.

The goal of this study is to determine the necessary parameters that need to be
considered while making a moral decision and weigh them to provide insights into AVs’
decision-making algorithms and the related legislation. In this context, the best-worst
method, which is a relatively new multiple-decision-making method and suitable for
the structure of this problem, has been decided. This is a multi-criteria decision-making
(MCMD) method developed by Rezaei [16] and applied to many different engineering,
social, and natural science problems. It is a method that works on the principle of pairwise
comparison and is fed by the pairwise evaluations of experts. It is superior to other pairwise
comparison methods, such as Analytic Hierarchy Process (AHP), in terms of both reducing
the number of pairwise comparisons and providing more consistent matrices. Since it better
reflects the structure of the uncertainty environment, can be used in the scarcity of precise
data, and is an important extension of the fuzzy set theory, interval type-2 fuzzy BWM has
been used for this problem. This use is the first in solving such an extreme problem as how
the moral behavior of such transportation-based and autonomous vehicles will be formed.

The remainder of this paper is organized as follows: the knowledge gap that this
study aims to fill is discussed in the next section under literature review; methodology is
explained in Section 3; the application of the method to the subject is covered in Section 4;
and in the final section a conclusion and the discussion of this paper is given.

2. Literature Review

This section includes the determination of the knowledge gap and the review of related
past studies.

2.1. Knowledge Gap

AVs are expected to shape future transportation in many ways. With the appearance
of AVs on the roads, certain decisions that may ethically compel people should be made
in the face of traffic problems such as accidents. Such decisions will be taken in line with
the directions of the software design of AVs. Therefore, ethical rules and principles that
are entered into the software should be determined meticulously from the very beginning
ensuring consensus among society and the best decision can be made. To find past studies
and a gap in the literature, an advanced search query (TITLE-ABS-KEY (“religion” OR
“ethics” OR “legislation”) AND TITLE-ABS-KEY (“autonomous vehicles”)) was conducted
in the Scopus database, and 296 publications were identified. Then, the document, including
these publications, was uploaded to the VOSviewer tool, and author keyword analysis,
which is used for identifying the most used author keywords and knowledge gaps in the
literature, was performed. The author keyword analysis results are presented in Figure 1.
The size of the circles in Figure 1 reflects the frequency of the keywords (the bigger circles
indicate the more frequently used keywords). After that, we researched all the keywords in
detail and recognized that ethical dilemmas about whether to sacrifice one person to save
more and the role of demographic features in such decisions have been discussed for a long
time in the context of the trolley problem, which is shown in the cluster colored red.

Then, to identify a research gap in the research area, the “trolley problem” and “trolley
dilemma” keywords were included in the first search query, and a new search was con-
ducted. After the second query, we identified 29 publications. Six irrelevant publications
were eliminated. Then, we analyzed the remaining 23 publications in detail and clarified
that none of the past studies have focused on weighting necessary parameters to create a
formulation of prioritizing the criteria for AV ethics, thus providing insights about AVs’
decision-making algorithms and the related legislation.
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Figure 1. Most used author keywords identified by the first search query.

2.2. Past Studies on AV Ethics

Since there have not been any studies focusing on weighing moral decision parameters,
the literature has covered a wide range. AV ethics have been intensively studied through the
eye of the trolley problem since 2017. The first group of studies on this subject discusses the
trolley problem concerning its nature [17], how it should be handled [18], and identifying
awareness about it [19]. The second group of studies in the literature reveals the limitations
of the trolley problem in respect of its voting-based structure [20,21], not embracing infinite
responsibility to others [22], the self-sacrifice option, and cultural differences [23]. The third
group consists of publications focusing on the matters of law encompassing the liability [24]
and responsibility [25] of AV developers, and AV actions” compliance with the law [26,27].

The remaining part of the literature includes publications on various topics: change-
able moral judgments based on the accident severity and probability [28], survival proba-
bility estimation [29], risk assessment [30], general social welfare function [31], changeable
degree of pragmatism in ethical decision making [32], AV technologies’ necessary capabili-
ties during a collision [33], religion-based AV ethics [34], comparing of Kantian rationale
and utilitarian ethic [35], and a wider range of criteria than the criteria handled by trolley
problem [36,37]. Table 1 shows detailed explanations of the publications in the literature.

Table 1. The past studies on AV ethics in the literature.

Document

No Study Year T Aim Findings/Conclusion
ype
It suggests a new approach called “contrast and
. to discuss the nature of the trolley problem explain” to discuss that autonomous vehicles should be
! Lawlor (2022) [17] 2022 Article and the objections against it programmed to stay on the road in the event of
an accident.
to reveal the dangers of the ethical decisions C .
2 Etienne (2022) [21] 2022 Article taken by a voting-based system based on 1t reveials.the limitations of the M M experiment ;.md
. other similar approaches to ethical decision making.
the MM experiment
Kriigel and Uhl to test whether people change their moral It shows that laypeople believe that AV ethics should
3 8 2022 Article judgments in case of an accident probability ~ prioritize both accident severity and probability instead
(2022) [28] ! ¢ cader ! X
instead of a sure accident or not of ignoring accident severity.
Geisslinger et al to propose an ethical trajectory planning It provides a mathematical risk assessment method that
4 i3 ’ 2021 Article guidance for crashes and other events integrates Bayesian, Equality, and Maximin principles

(2021) [30]

involving AVs based on risk calculations

for ethical trajectory planning for vehicles.
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Table 1. Cont.

Document

No Study Year T Aim Findings/Conclusion
ype
It shows that if there is a case where the total utility of
the pedestrians and passengers is more than some
5 Ebina and Kinjo 2021 Articl to analyze optimal AV driving behavior for pedestrians’ utility, AVs can prefer hitting some
(2021) [31] racle different scenarios pedestrians. The study’s findings can be applied to
estimate AV driving behavior in various countries
depending on inequality aversion value.
Conferen to discuss how people make ethical It proves that people can be less pragmatic in case of an
6 Shah et al. (2021) [32] 2021 OP: :r e decisions; pragmatically as mostly believed incident involving a lower level of harm or a higher
P or rationally level of affection.
. % . to dlscu5§ A,V softwfqrg and hardwa're It argues that AV software settings for ethical decisions
Dakic¢ and Aivkovi¢ Conference technologies’ capabilities for correcting .
7 2021 - . should be changeable in the future as new data are
(2021) [33] Paper human errors and data collection during .
L gathered from collisions.
collisions
to discuss AV ethics through the lens of It criticizes the consideration of AV ethlqs explained by
Levinasian ethics that embrace infinite the trolley problem and underlines the importance of
8 Andrade (2021) [22] 2021 Article o - adopting Levinasian ethics. It also states that AVs can
responsibility to others even in case .
. be risked for the sake of the safety of the people
of uncertainty
and roads.
to investigate the dangers of the MM S .
9 Etienne (2021) [20] 2021 Article experiment usage for making It reveials‘the limitations of the M M expgrlment e‘md
. - other similar approaches to ethical decision making.
ethical decisions
10 Martinho et al. 2021 Article to analyze the awareness and industrial It demonstrates that the literature on AV ethics is mostly
(2021) [19] focus on AV ethics shaped by discussions about the trolley problem.
Holstein et al. Conference . . It emphasized that AV ethical analyses should be
11 (2020) [18] 2020 Paper to discuss how AV ethics should be handled carried out based on AV software solutions.
to discuss AV manufacturers’ liability when . .
13 Wu (2020) [38] 2020 Article they implement an ethical choice during [tsuggests that there is a need for a sPe'aal body of
- rules to defend manufacturers’ rights.
a collision
. . . It underlined that one could not be sacrificed for others
, . to reveal Jewish ethics and divine truths for . X . X S,
14 Goltz et al. (2020) [34] 2020 Review ranting moral personhood to AV: except in extremis regarding Jewish religion’s
granting moral personfood to AVS primary sources.
It states that ethical decision frames should be
Cunneen et al. . . - . determined according to issues such as privacy and
15 (2020 [39] 2020 Article to draw attention to realistic AV ethics machine perception rather than the basics of the
MM experiment.
Conf to discuss the source of authority that It that 1 conflicts should be handled b
16 Wright (2019) [26] 2019 onterence decides on the right action in case of a moral argues that morat conuicts showid be handied by
Paper . . . . public law.
dilemma following Kantian rationale
. . . . . It shows that Kantian rationale and utilitarian ethic
17 Thielscher et al. 2019 Conference to discuss AV ethics concerning thg Kantian should be handled separately to guide taking ethical
(2019) [35] Paper rationale and utilitarian ethic . d ) . .
decisions during different situations.
to discuss driving ethics from a It reveals realistic scenarios during a collision risk.
. multi-dimensional perspective involving Additionally, it recommends AV developers declare
18 Goodall (2019) [37] 2019 Article more diverse situations compared to the possible actions of AVs during a moral dilemma to
trolley problem the public.
to reveal the deficiencies of the trolley It emphasizes that mundane driving situations should
. . . problem in explaining the AV ethics and be taken into consideration in addition to the situations
19 Himmelreich (2018) [36] 2018 Article mundane situations that may cause moral indicated by the trolley problem for discussing moral
debates in AV ethics issues in AVs.
20 Liu (2017) [25] 2017 Article to discuss AVs resP(_)ns1b1hty during It develops targ?tmg and_ rl.s.k dlstn‘buhon concepts to
a collision handle AVs’ responsibility during a collision.
. . to discuss the role of cultural factors in It criticizes the trolley problem since it does not discuss
2 Applin (2017) [23] 2017 Article determining AV ethics the self-sacrifice option and mind cultural differences.
2 Leben (2017) [29] 2017 Article to implement the Rawlsian algorithm to the It presents a mechanism that. estimates the sgr_vwal
trolley problem probability of each person involving a collision.
. . . . . It reveals that some basic principles and rules in
23 Santoni de Sio 2017 Article to discuss how AV ethics should be in the Anglo-American law and case law can be used in

(2017) [27]

case of unavoidable crashes

programming AVs.

2.3. Past Studies on IT2F-BWM

F-BWM was applied to measure the risk factors of FMEA by Tian et al. [40]. For healthcare,
Mou et al. [41] developed the intuitionistic fuzzy multiplicative BWM. Omrani et al. [42] used
fuzzy BWM to find the optimum power plant alternative. Wu et al. [38] used centroids to
develop an integrated model of IT2Fs and BWM and worked on green supplier selection
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problems. Mi et al. [43] presented a comprehensive survey and a detailed review of BWM,
which can be studied by intrigued scholars as a source of inspiration for future BWM research.

3. Applied Methodology

The applied methodology through the study consists of three stages. In the first stage,
frequency analysis was carried out in a qualitative way from the studies in the literature
to determine the criteria that AVs will have to consider when deciding. The output of
this stage is the final determination of the criteria set that will be considered and whose
importance weights will be calculated. In the second stage, the importance weights of the
criteria determined in the first step are calculated with an interval type-2 fuzzy BWM. In the
last stage, the results obtained with IT2F-BWM were compared with the results obtained
from solving the problem with different BWM versions (traditional BWM, fuzzy BWM,
and Bayesian BWM). Figure 2 shows the flow chart of this applied methodology.

Frequency analysis of the criteria
via MAXQDA

M MAXGDA

Determining the importance weight
of criteria that AVs consider when
making a decision via IT2F-BWM

Comparative analysis

Figure 2. Flow of the applied methodology.

3.1. Frequency Analysis of the Criteria via MAXQDA

The first step of the applied methodology is a qualitative frequency analysis of the
criteria via MAXQDA. It enables researchers to employ several different analyses, such
as interview transcription and analysis, literature review and analysis, mixed methods,
content analysis, and questionnaire analysis. The current study aims to reveal the criteria
that AVs will consider in the decision-making process by extracting a number of studies on
the subject in the literature.

3.2. IT2F-BWM

Best-Worst Method (BWM) was developed by Rezaei [16], utilizing pairwise compar-
isons of alternatives and criteria. Since it requires fewer data and results in more reliability,
the best—worst criterion is widely used as two vectors [44]. For various application areas,
a fuzzy version of the BWM is introduced. Hafezalkotob and Hafezalkotob [45], Guo
and Zhao [46], and Moslem et al. [47] proposed an application of the triangular fuzzy
BWM. In this section, the stages of the IT2F-BWM utilizing the center-of-area approach will
be presented.
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Step 1. A set of decision criteria (c,cy,...,c,), which is used to calculate the impor-
tance weights, is determined.

for] Cn e Cp
€1 e izt
x €2 €1 €2 - @D
E =
Cn €nl €1ttt Enn

In the matrix above, ?,'j shows the IT2F preference degree of criterion i over criterion j.
The linguistic terms of decision makers can be the ground for IT2F pairwise comparisons on
these n criteria. Below, Table 2 shows all the linguistic variables and IT2FSs. The diagonal
elements are regarded as Equally Important (EI) in this evaluation matrix:

211,82, .. enn = ((1;1;1;1;1;1),(1;1;1;1;0.9;0.9)).

Table 2. Linguistic terms for importance weights (Celik et al. (2015), [48]).

Linguistic Term IT2FSs
EMI ((8;9,9;10;1,;1), (8.5;9;9,;9.5;0.9;0.9))
V8 ((7;8;8;9;1;1), (7.5;8;8,;8.5,0.9,0.9))
VSMI ((6,7;7;8;1,1), (6.5,7,7,7.5;0.9,0.9))
1ve ((5;6;6;7;1;1), (5.5;6,6;6.5;0.9,0.9))
SMI ((4;5;5;6;1;1), (4.5,5,;5,5.5,0.9,0.9))
V4 ((3,4,4,5;1;1), (3.5;4,4,4.5;0.9,0.9))
MMI ((2,3;3;4;1,1), (2.5;3,3;3.5;0.9,0.9))
v2 ((1;2;2;3;1;1), (1.5;2;2;2.5,0.9;0.9))
EI ((1;1,1,1;1;1), (1;1,1,1,0.9;0.9))

Note: EMI: Extremely More Important; IV: Intermediate Value; VSMI: Very Strong More Important; SMI: Strongly
More Important; MMI: Moderately More Important; and EI: Equally Important.

Step 2. The decision maker’s preference is used to determine the best and the worst cri-
terion.

Step 3. IT2FSs are used to establish the preference for the best criterion and the worst
criterion over all the other criteria. The first outcome, the best-to-others (BtO) vector,
would be - o _

Eg = (eB1,€B2,---,€Bn),

where ?Bj demonstrates the preference of the best criterion B over criterion j. It is
definite that B
egg = ((1,1;1;1;1;1),(1;1;1;1;0.9;0.9))

In the second outcome of this step, others-to-worst (OtW), the vector would be

EB e (?1W,?2WI' . ~r?}’lW)T

where a;y demonstrates the preference of the criterion j over the worst criterion W. Again,
it is clear that N
eww = ((1,1,1,1,1;1),(1;1;1;1;0.9;0.9)).

Step 4. The optimal weights (w], w3, ..., w,’;) are determined. The center of the area
is used in this step. The frame of the constrained optimization model follows the model
presented by Wu et al. [38]. For each pair of wg/w; and w;/wy, the optimal weight

for the criteria is the one where the maximum absolute differences 5(73 / z%j —E gj| and

z:uj /@y — E jw | are minimized. The consistency ratio is calculated using the consistency
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index presented in Table 3. While creating this, the same method of Rezaei [16] and
Wau et al. [38] is utilized. The higher the consistency ratio, the larger the 5*.

W; /Wy —ij‘}

minmax{ ‘@B/@j — EBj ,
]

s.t.

where,
=~ _ (~u ~L) _ u u u o u. ~11 ~1] L L L
wp = (wawB> = <(w81'wB2' Wg3, Wpy; Hi (wB)IHZ (w3)> (aBlfaBZI”IBS/ agy; Hi (wB) H, (wB>))
=~ _ (~U ~L u u oou U . ~1] ~1] L L L
ww = (ww/ww> = ((wwvwwz/wws/ Wiy Hi (ww)/H2 (ww)) (”W1/“W2r0w3f‘1w4/ Hy (ww) HZ( )))
o= (oY @) = u iU pu. i oY LogL gL gL oL oL
w; (w] ,w]> = ((wﬂ,w]2, Wiz, Wiy H; (w] ),Hz (w] )), (ajl,ajz, a3, a7y, H; (w] ),Hz (w] )))
~  (u ~L\ ~1] L L L L. ~,
ZUB/]' = (wB]/wB]> ((ijlle]Z' wB]3/ wB ]4’ H1 (wB])’H2 (wB,j)>’ (aBzﬂ' aB/jz’anj3' aj4’ Hl (wB'j),Hz (wB])))

= (U =L N _ (U U U U (U ~u LoooL L L (L .
Biaw = (@D ) = (o w0 B (T ) Ha () ) (e ahows ot H (Tw) Ha( @ )))

the maximum absolute values

To eliminate ’%B/%j — EB]" and ’%j/z:uw — E
‘Z:UB / z%j _E Bj’ and ‘ﬁt}]‘/ Wy — ij‘ are targeted to minimize. To minimize the absolute gap,
the model is then translated to nonlinear programming as 5* = ((5%; 8%; 8%; 8%; 1; 1), (8%; 8%; 8*; 8%;

0.9; 0.9).

mind*
~U ~U~U « |=U ~U~U "
Wpy — Wi Wpj| < 0%, |Wpy — WppWpjs| < 67,
~U  ~U~U L |=U =U=U .
Wp3 — Wizpj3| < 0%, |Wpy — WigWpj4s| < 07,
~L ~L ~L “ ~L ~L ~L “
Wpy — WjWgj1| < 0%, |Wpy — WppWgjo| < 0%,
~L ~L~L L =L =L=L .
Wp3 — WigWpgj3| < 6%, |Wpy — WisWpj4| < 67,
~U  ~U ~U . |=U  =U ~Uu i}
Wit —Ww1Wjwa| = 6%, Wi — Wy W2 | < %,
~U ~U ~U ~U ~U ~U "
Wiz — wwsw]wa‘ 0%, Wiy — Wi 4| < 07, 3)

s.t. ~L ~L ~L ~L ~L ~L %
Wi — ww1w1w1‘ 5%, w]Z Wi Wi | < 07,

~L ~L ~L ~L ~L ~L i}

w]3 — WysWiwz| < ww4ij,4‘ <57,

5 COA (w]) -1

j=1

u L u
w]1 < wﬂ,w]4 < w]4
ij1<w]L<w]L3§w]L4
U<l <ol <wi
w]l} wp S Wi < wy
wj1>0]—12 N
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Table 3. Consistency index table [49].

Linguistic Term EI Iv2 MMI [IV4 SMI IVe VSMI 1IV8 EMI
Defuzzified 0.975 1.95 2925 3.9 4.875 5.85 6.825 7.8 8.775
CI 29582 4.4872 5.8948 7.2373 85373 9.8069 11.0533 12.2812 13.494

3.3. Comparative Analysis

An indispensable element of MCDM-based studies is testing the validity of the results
of the applied approach. It is necessary to compare the applied method with a set of equiv-
alent methods. In this context, criteria weights obtained with IT2F-BWM are compared to
show the similarity of the results obtained with other versions and to show that this method
is applicable to this problem (as it produces results close to other versions). Although the
problem addressed in this article is quite original, determining the closeness of the outputs
of IT2E-BWM with other BWM versions will strengthen the reliability of the study.

4. Application

Autonomous vehicles have to make decisions to protect other alternatives by sacrific-
ing one of the alternatives in the event of an accident. In the context of accidents involving
conventional vehicles, this problem has been dealt with by many studies in terms of ethics.
MAXQDA, one of the qualitative analysis programs, was used to determine the criteria
included in these studies. For this purpose, firstly, after the studies in the literature were
loaded into the program, all the studies were subjected to content analysis, and the most
common criteria were determined by coding the texts in the studies. Then, the frequency
values of the criteria were determined by selecting the documents column from the “Code
Matrix Scanner” in the “Visual Tools” menu in the MAXQDA program. The frequency
values of the criteria and the studies in which they are included are shown in Figure 3.
“Total” in the lower-left corner of the figure shows how often the relevant criteria are
included in the total in each paper, while “Total” in the higher-right corner indicates how
often all papers contain each criterion. According to the analysis results, age is the most
frequently used criterion, being used 35 times. Age is followed by gender, number of
persons affected by the accident, social status, compliance of the person to be affected by
the accident, and health condition. Criminal history is the least frequently used criterion,
being used three times.

Coding System Pt P2 P3 PA P5 P6 P7 P8 P9 PO PN P12 P13 P4 PS5 PI6 P17 P18 P19 P20 P21 TOTAL
(64 Observance of the Laws and Regulations
@ Compliance of the Person to be Affected by the Accident “ _

(&g Criminal history
(g Personal Attributes

(g Age

(g Gender

(4 Social Status

(64 Health condition
(64 Number of Persons Affected by the Accident
Y. TOTAL

T

Figure 3. The frequency values of the criteria [2,3,6,27,30,39,50-64].

In addition, visual maps were created via the MAXQDA program, as seen in Figure 4,
in order to more clearly show in which context the determined codes were handled in
the past 21 studies shown in Figure 3. According to a couple of quotations shared in the
visual maps, some codes of law and regulations do not permit the prioritization of personal
attributes related to criteria such as age, gender, and health condition. However, many
researchers and practitioners, especially those studying the trolley problem and moral
machine experiments, criticize this prohibitive approach and argue that prioritization can
be a necessity.
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Figure 4. Visual maps of the criteria used in past studies [3,6,27,30,39,50,51,55-58,60,61,63-67].

The next step in the study, which started with the goal of calculating the weights of
the criteria that AVs will have to take into account when deciding, was the determination
of the criteria. After a thorough literature research was performed and expert opinions
were collected, seven significant criteria were chosen:

e  Social status;
e  Number of persons affected by the accident;
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Compliance of the person to be affected by the accident;
Age;

Gender;

Health condition;

Criminal history.

The moral machine experiment developed at MIT, the results of which were evaluated
by Awad et al. [3] and Noothigattu et al. [4], included all the criteria listed above in
their questionnaire presented online to participants from all over the world. For instance,
the scenarios of the experiment include animations that describe health professionals,
children, and elderly people, which are related to social status and age criteria, respectively.
Dubljevi¢ [7] discussed that the number of persons affected by the accident criteria has the
potential to deflect the AV decision-making algorithm in the wrong direction when a large
group of nefarious people uses an AV. The discussion demonstrates the necessity of the
criminal history criteria.

The second step of the weighting process is selecting the proper experts to evaluate
these criteria. Since morality is a collective output of morality and ethics and the discussed
dilemmatic scenarios have the potential to bring judicial cases about the usage of AVs,
the participants of the evaluation process should specialize in morality, law, philosophy,
transportation, or a combination of these subjects. The remaining steps of the study are
carried out after selecting five professionals whose expertise is in the related subjects of
philosophy, philosophy of law, and transportation. In many MCDM-based studies in the
literature, the participation of experts, who are competent, equipped, and experienced in
their field, is less than in other statistical analysis-based studies, since in those statistical-
based studies, the power of the study is measured by the questionnaire and the number
of participants in the survey. However, the same criterion is not valid for MCDM-based
studies, such as our study. Our study applied the interval type 2 fuzzy set version of an
MCDM method, which is a solid mathematical optimization model and was first proposed
by Rezaei [16], to a social issue that has never been addressed in the literature before. In this
respect, by combining this method with interval type-2 fuzzy numbers, it will be possible to
weigh the criteria that autonomous vehicles will consider in the decision-making process,
and in this way, in the development of software related to this technology, which will come
to a more advanced stage in the future, these vehicles will make more rational decisions
regarding moral decisions. In other words, the originality of this study lies in the fact
that a problem that has not been mentioned in the literature so far will be solved with
an advanced version of a model that is accepted and preferred by researchers over its
equivalents, such as AHP, FUCOM, etc. (IT2F-BWM).

4.1. The Implementation of IT2ZF-BWM

The importance weights of seven criteria were obtained by the application of IT2F-
BWM for five experts. In the first step of the procedure used, each expert determined the
best and the worst criterion. For instance, Expert 1 chose social status as the best criterion
and gender as the worst one. Expert 1’s assessment of the best and worst criteria is shown
in Tables 4 and 5, respectively.

Table 4. The evaluation of the best criterion for Expert 1.

Number of Persons Compliance of the

Social Status Affected by the Person to Be Affected Age Gender C(I)—Inecililtti}(l)n C;;;;:)nal
Accident by the Accident y
The best
criterion EI MMI MMI VSMI EMI 1Y V6

Social Status
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Table 5. The evaluation of the worst criterion for Expert 1.

The Worst Criterion

Gender
Social status EMI
Number of persons affected by the accident V6
Compliance of the person to be affected by the accident V6
Age MMI
Gender EI
Health condition Iv4
Criminal history V4

Type-2 best-to-others and others-to-worst matrices are constructed as follows:

((1,1,1,1;1;1), (1,1,1,1,0.9,0.9)) ((8;9;9;10;1;1), (8.5;9;9;9.5;0.9;0.9))
((2;3;3;4;,1;1), (2.5;3;3;3.5;0.9;0.9)) ((5;6;6;7;1;1), (5.5;6;6;6.5;0.9;0.9))
((2;3;3;4;1;1), (2.5;3;3;3.5;0.9,0.9)) ((5;6;6;7;1;1), (5.5;6;6;6.5;0.9;0.9))
((6;7,7;8,1;1), (6.5;7;7;7.5,0.9,09)) |Aw = ((2,3;3;4,1;1), (2.5;3;3;3.5,0.9,0.9))
((8;9;9;10;1;1), (8.5;9;9,9.5;0.9;0.9)) ((1,1,1,1,1;1), (1,1,1,1,0.9;0.9))
((5;6;6;7;1;1), (5.5;6;6;6.5;0.9,0.9)) ((3;4;4;5;1;1), (3.5;4;4,4.5;0.9;0.9))
((5;6;6;7;1;1), (5.5;6;6;6.5;0.9;0.9)) ((3;4;4;5;1;1), (3.5;4;4,4.5;0.9;0.9))

The constrained optimization model of IT2F-BWM, which is developed according to
Expert 1's evaluation, is used to obtain the importance weights of the criteria.
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Then, the optimal interval type-2 fuzzy weights of seven criteria are calculated. The

obtained importance weights are as follows:

We1
Weo
W3
Wes
Wee
wey

The same calculation is processed for each criterion and five experts. The obtained

((0.428;0.446;0.446; 0.465; 1; 1), (0.409; 0.446; 0.446; 0.484;0.9; 0.9))
((0.149;0.149;0.149;0.149; 1; 1), (0.149; 0.149; 0.149; 0.149;0.9;0.9) )
((0.149;0.149;0.149; 0.149; 1; 1), (0.149; 0.149; 0.149; 0.149; 0.9; 0.9)
@ca | = | ((0.074;0.074;0.074;0.074;1;1), (0.074;0.074; 0.074; 0.074;0.9; 0.9))
7 ((0.037;0.037;0.037;0.037;1; 1), (0.037; 0.037; 0.037;0.037;0.9;0.9))
((0.085;0.085;0.085; 0.085; 1; 1), (0.085; 0.085; 0.085; 0.085;0.9;0.9))
((0.085;0.085;0.085; 0.085; 1; 1), (0.085; 0.085; 0.085; 0.085;0.9;0.9))

outcomes of the IT2F-BWM are presented in Table 6.

Table 6. The obtained outcomes of the IT2F-BWM.

Expert 1 Expert 2
C1 ((0.428;0.446;0.446;0.465;1;1),(0.409,0.446,0.446,0.484;0.9;0.9)) C1 ((0.123;0.123;0.123;0.123;1;1),(0.123;0.123;0.123;0.123;0.9;0.9))
C2 ((0.149;0.149;0.149;0.149;1;1),(0.149;0.149;0.149;0.149;0.9;0.9)) C2 ((0.163;0.163;0.163;0.163;1;1),(0.158;0.163;0.163;0.163;0.9;0.9))
C3 ((0.149;0.149;0.149;0.149;1;1),(0.149;0.149;0.149;0.149;0.9;0.9)) C3 ((0.344;0.362;0.362,0.376;1;1),(0.257;0.362;0.362;0.391,0.9;0.9))
C4 ((0.074;0.074;0.074;0.074;1;1),(0.074;0.074;0.074;0.074;0.9;0.9)) C4 ((0.098;0.098;0.098;0.098;1;1),(0.098;0.098;0.098;0.098;0.9;0.9))
C5 ((0.037;0.037;0.037;0.037;1;1),(0.037,0.037,0.037;0.037;0.9;0.9)) C5 ((0.029;0.029;0.029;0.029;1;1),(0.029;0.029;0.029;0.029;0.9;0.9))
Coé ((0.085;0.085;0.085;0.085;1;1),(0.085;0.085;0.085;0.085;0.9;0.9)) Coé ((0.163;0.163;0.163;0.163;1;1),(0.163;0.163;0.163;0.163;0.9;0.9))
c7 ((0.085;0.085;0.085;0.085;1,1),(0.085;0.085;0.085;0.085;0.9;0.9)) c7 ((0.098;0.098;0.098;0.098;1;1),(0.098;0.098;0.098;0.098;0.9;0.9))
Expert 3 Expert 4
C1 ((0.375;0.399;0.399,0.42;1;1),(0.284;0.399;0.399,0.441;0.9;0.9)) C1 ((0.13;0.13;0.13;0.13;1;1),(0.13;0.13;0.13;0.13;0.9;0.9))
C2 ((0.181;0.181;0.181,0.181;1;1),(0.181;0.181;0.181;0.181;0.9;0.9)) C2 ((0.174;0.174;0.174;0.174;1;1),(0.174;0.174;0.174;0.174;0.9;0.9))
C3 ((0.136;0.136;0.136;0.136;1;1),(0.136,0.136,0.136,0.136,0.9;0.9)) c3 ((0.366;0.381,0.381,0.396;1;1),(0.284;0.381,0.381,0.411;0.9;0.9))
C4 ((0.078;0.078;0.078;0.078;1,1),(0.077;0.078;0.078;0.078;0.9;0.9)) C4 ((0.13;0.13;0.13;0.13;1;1),(0.13;0.13;0.13;0.13;0.9;0.9))
C5 ((0.042;0.042;0.042;0.042;1;1),(0.042;0.042;0.042;0.042;0.9;0.9)) C5 ((0.13;0.13;0.13;0.13;1;1),(0.13;0.13;0.13;0.13;0.9;0.9))
Cé ((0.091;0.091;0.091,0.091;1;1),(0.091,0.091;0.091;0.091;0.9;0.9)) Cé ((0.058;0.058;0.058;0.058;1;1),(0.056,0.058;0.058;0.058;0.9;0.9))
c7 ((0.109;0.109;0.109;0.109;1;1),(0.109;0.109;0.109;0.109;0.9;0.9)) c7 ((0.03;0.03;0.03;0.03;1;1),(0.03;0.03;0.03;0.03;0.9;0.9))
Expert 5
C1 ((0.295;0.308;0.308;0.322;1,1),(0.281,0.308;0.308;0.336;0.9;0.9))
2 ((0.141;0.141;0.141;0.141;1;1),(0.141,0.141;0.141;0.141;0.9;0.9))
c3 ((0.295;0.308;0.308;0.322;1;1),(0.229,0.308;0.308;0.336,0.9;0.9))
C4 ((0.071;0.071;0.071,0.071;1;1),(0.071;0.071;0.071;0.071;0.9;0.9))
C5 ((0.028;0.028;0.028;0.028;1,1),(0.028;0.028;0.028;0.028;0.9;0.9))
C6 ((0.106;0.106;0.106;0.106;1,1),(0.106;0.106;0.106;0.106;0.9;0.9))
c7 ((0.071;0.071;0.071;0.071;1;1),(0.071,0.071;0.071;0.071;0.9;0.9))

As the final step of the IT2F-BWM, each criterion’s pin-sharp importance weights
are calculated. The final weights for each expert and the average values are presented
in Figure 5. For instance, the importance weights of the seven criteria for Expert 1 are
0.435, 0.145, 0.145, 0.073, 0.036, 0.083, and 0.083, respectively. The most and least significant
criterion is determined as social status and gender according to the evaluation of Expert 1,
respectively. The calculated weights showed that gender is the least significant criterion for
four of the five experts. Additionally, the answers of three of the five experts resulted in
compliance of the person to be affected by the accident being the most significant criterion
for automated decision making in the possible event of a crash in an AV.

When the average of the weight values obtained from these five experts was taken,
the following conclusion emerged. “Social Status” was determined as the most important
criterion with a weight value of 0.272. It is followed by the “Compliance of the Person to
be Affected by the Accident” criterion with 0.256. The third most important criterion was
“Number of Persons Affected by the Accident”, with 0.158. “Health Condition”, “Age”,
and “Criminal History” have similar weight values and come after these three criteria in
the ranking. The least important criterion is “Gender”, with a weight value of 0.052.
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Figure 5. Importance weight values of criteria.

4.2. Comparison of the IT2F-BWM with Other Best—Worst Methods

The discussed problem in this study, of the importance levels of the criteria that AVs
will have to take into account when deciding and how decision makers and software
developers will transfer these criteria to their products with a prioritization, is solved with
an interval type 2 fuzzy-based BWM methodology. However, there is a tendency that it is
useful to compare the results by solving the same problem with different BWM options,
so that the generalization of the results obtained alone is on solid ground. In this context,
the problem is solved with three different versions of BWM (traditional BWM, triangular
fuzzy number-based BWM, and Bayesian BWM). For all three methods, the questionnaires
applied to the decision-making expert group were renewed depending on the linguistic
scale used, and the questionnaires were re-applied in a reasonable period. Optimal values
of criteria importance levels were obtained by following the application steps by taking the
survey results for all three methods. Traditional BWM is based on Rezaei [16], while fuzzy
BWM is employed by Guo and Zhao [46]. Steps in Mohammadi and Rezaei [68] have also
been followed for Bayesian BWM.

In traditional and fuzzy BWM, models of all decision makers are solved separately,
and their average values are aggregated. Figures 6 and 7 provide the weights of criteria for
each expert. Here, Al to A7 refers to the criteria descriptions as identified “social status,
number of persons affected by the accident, compliance of the person to be affected by the
accident, age, gender, health condition, and criminal history”.

This is unlikely for Bayesian BWM, as this method is already a probabilistic version
developed for group decision making and reducing information loss [68]. Bayesian BWM
also has a feature called credal ranking which is a graph showing the reliability of the
criteria. With the aid of this feature, the importance levels of criteria are determined more
sensitively. As can be seen in Figure 8, each point (Al to A7) indicates the criteria in
this problem, while the value written on the arrow between these points indicates the

confidence level. A1 % A2 indicates that criterion A1 is more significant than A2, along
with a confidence level of cl. Therefore, when Figure 8 is examined, it can be easily read at
which confidence level each criterion outperforms the other. These graphs also support
values in Figure 9 interpreted regarding Bayesian BWM. According to Figure 8, the arrow
goes from the Al criterion to all the other criteria. This means that this criterion is superior
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to the other five criteria. The confidence level indicating superiority ranges from 0.54 to 1.
This indicates that this criterion is the most important. Similarly, no arrows go from the

least important criterion, A5, to other nodes. Another important detail is that the confidence

level value on the arrow from Al to A3 has approached almost 0.50 (F =y B). This value

shows that although the importance weights of the two criteria are different, they do not
have an obvious advantage over each other. Similar interpretations can be produced for the
other six criteria. Credal ranking results facilitate strengthening the produced weight values
and the more precise interpretation of obvious superiority /non-superiority situations.

Al A2 A3 A4 AS A6 A7

m Expertl 0.126 0.143 0.324 0.094 0.030 0.188 0.094
W Expert2 0.354 0.208 0.139 0.069 0.042 0.083 0.104
W Expert3 0.132 0.198 0.327 0.132 0.132 0.050 0.029

! Expert4 0.279 0.168 0.279 0.067 0.028 0.112 0.067
M Expert5 0.411 0.161 0.161 0.069 0.038 0.080 0.080
M Average 0.260 0.176 0.246 0.086 0.054 0.103 0.075
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Figure 6. Importance weight values of criteria by each expert in traditional BWM.
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Figure 7. Importance weight values of criteria by each expert in fuzzy BWM.
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mA7 0.077 0.075 0.104 0.094

Figure 9. Weights of criteria by three different BWM versions.

Figure 9 shows the criteria weight results of the comparative study. According to the
numerical results obtained, it is seen that the order of priority, which we evaluate depending
on the importance weight of the criteria, has not changed in all methods. Although the
values of the criteria weights changed, the order of importance was obtained as A1 > A3
> A2 > A6 > A4 > A7 > A8. The correlation between criterion weights is also quite high.
Table 7 shows the Pearson correlation coefficients of the criteria weight values obtained
from the methods. It is observed that all correlation values are higher than 94.5%. When all
the results are evaluated together, it is clearly seen that the current model, like other BWM
versions, gives very accurate results for this problem.
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Table 7. Results of correlation analysis.

Current Model (Interval

Method Type-2 Fuzzy BWM) Traditional BWM Fuzzy BWM
Traditional BWM 0.995
Fuzzy BWM 0.945 0.960
Bayesian BWM 0.978 0.993 0.966

5. Conclusions and Discussion

Al has been gaining attention as the primary decision maker for many driving tasks of
AVs. Al needs a formulation based on mathematical algorithms to rationalize the decision-
making process of AVs. The mathematics behind the algorithm should mainly focus on
how to prioritize possible victims of the inevitable accident. The AV literature lacks any
approach, to our knowledge, to determine the above parameters and weigh them to make
decisions that are as moral as possible.

This paper aims to determine the necessary parameters that need to be considered
while making a moral decision and weigh them to create a formulation of prioritizing,
thus providing insights about AVs’ decision-making algorithms and related legislations
using BWM.

The study’s findings demonstrate that in the case of a possible collision involving
an AV, the most critical determinant of an ethical decision should be “social status”. If a
person’s social status is considered an important indicator of the value he or she will add to
society, it is possible to accept that the experts show a propensity for evaluations promoting
the common good of society. On the other hand, the paper indicates that the least critical
determinant of an ethical decision should be “gender”.

The applicability of some criteria in the current technological framework is debatable.
For example, for now, it may not be possible for an AV to detect the criminal history of a
pedestrian, operate the decision mechanism in seconds and decide in light of the priorities
determined in this study. Additionally, an algorithm that covers the criteria identified
by the study may harm the privacy of the pedestrian’s private life. Despite these current
technical impossibilities and concerns, this paper is expected to shed light on the future of
the AV research and development process.

This paper weighs the necessary parameters based on the evaluations of the experts.
Our experts evaluated the criteria through the eyes of utilitarian ethics. In contrast, other
experts from Islamic and Christianity philosophies avoided answering survey questions
by reminding us that killing a person is strictly forbidden. Considering that religions set
inclusive and detailed rules about how people should live and that AVs will be common
on roads in the near future, contemporary philosophers of religion and religious scholars
should discuss the possibility of finding new answers to the current issue.

This paper has specific limitations regarding the number of experts and criteria and
the inevitably subjective nature of the surveys. Therefore, the results of the study cannot
be generalized to all cases. Accordingly, a larger number of experts and criteria could be
included in further studies. In addition, future studies can focus on weighing different
categories or levels of each criterion within itself for AV decision making through more
objective methods. On the other hand, due to the lack of exact data about weighting
parameters when making moral decisions for autonomous vehicles, this paper benefits
from expert opinions based on fuzzy sets. The method applied in this paper handles
the process of weighting parameters more sensitively than the traditional fuzzy methods
by enabling membership degrees to have fuzzy values. In addition, IT2F-BWM results
combine the advantages of IT2F and BWM. This paper is expected to provide valuable
practical insights for AV software developers in addition to its theoretical contribution.
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