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1

Introduction

Humans constantly make decisions. Although these decisions differ vastly in domains, severity,
and complexity, according to the Standard Economic Model (SEM) humans will always choose
rationally by appropriately evaluating choices. This would imply humans will always choose
an option with the highest expected utility. Yet people may choose not to engage in risky
prospects that, on average, will pay that person a non-negative amount, which can be considered
a wealth-maximizing error. A step ahead was the development of prospect theory by Kahneman
and Tversky (1979), which is focused on the perception of risks. The main implication of
prospect theory is that individuals assess outcomes from a reference point and exhibit different
risk attitudes over gains than over losses.
A large body of literature has analysed risk attitudes towards money and human lives,
for instance by dealing with money-versus-lives trade-offs (Viscusi, 2010), or money in general
(e.g. Oliver, 2018). Related research has compared risk attitudes towards money and human
lives separately, which for instance finds that people exhibit more risk-seeking behaviour over
human lives, regardless of how a decision is framed (Kühberger et al., 1999; Fagley & Miller,
1997). The starting point of the following paper is that a person’s attitude towards risk may
differ when a decision bears severe, moral consequences, e.g. deaths (Jervis, 1992), compared
to other scenarios that involve animals’ lives (Bloomfield, 2006) or human health (Lipman,
2020) which arguably carry different moral burdens. The main argument is that the different
scenarios may trigger different emotional reactions (Heilman and Miclea, 2016), which
emphasizes that risk attitudes may differ across contexts and therefore be attribute dependent.
This research is additionally inspired by the currently ongoing Covid-19 pandemic,
which triggered many discussions concerning the side-effects of vaccines, e.g. medical
complications and even deaths, where risk attitudes and the perception of risks play an
important role in people’s behaviour (Chevallier, Hacquin & Mercier, 2021). Therefore, moral
decisions involving human health and human lives are framed in the context of the Covid-19
pandemic in an attempt to enhance the realism of moral decisions. This also addresses a
common criticism that surveys studying moral decisions are often unrealistic and
unrepresentative of real-life decision-making contexts (Bauman, McGraw, Bartels & Warren,
2014). Framing effects are also relevant currently, as reports mostly focus on deaths instead of
recoveries (Koçaslan, 2020), which can affect how people perceive the crisis (Dryhurst et al.,
2020; Karasneh et al., 2021).
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Besides the systematic comparison of risk attitudes, this thesis measures a person’s loss
aversion using a standard binary mixed prospect involving money. A person’s level of loss
aversion is then used as a predictor of risk attitudes, to also analyse whether differences in loss
aversion can explain differences in risk attitudes between people. Although the decisions used
to measure people’s risk attitudes concern pure gains or losses, they are objectively mixed, and
respondents are made aware of this. This may induce respondents to code certain parts of the
decision problem as losses, even if they are framed as gains.
In this thesis, the goal is to add to the growing body of literature that analyses attributedependent risk attitudes by analysing the following central research question:
“To what extent do people’s risk attitudes differ across varying decision
contexts that have differing levels of moral consequences?”
Empirically, this research continues to build upon previous literature that emphasizes a
contextual approach to risk attitudes by assessing different levels of risk-taking behaviour for
the same people across contexts, and also analyses whether asymmetric risk aversion holds
when a more realistic and relevant scenario is used. Besides attribute dependent risk attitudes,
it also analyses whether differences in risk attitudes can be explained by loss aversion. Finally,
it adds to the existing body of literature by including common moderators of risk attitudes, such
as education and age, as well as less common moderators that are being advocated more
recently, such as personal characteristics that include extraversion and openness based on the
OCEAN framework (Durand, Fung, Limkriangkrai, 2019).
Societally, it is relevant to continue to enhance our understanding of why humans make
decisions that may be considered irrational from an economic perspective, i.e. wealth- and
affect-maximising errors, across different attributes. However, this thesis does not go as far as
analysing how these errors or gaps can be reduced, nor whether this is socially desirable.
Additionally, it may be useful for public policies that concern both human health as well as
human lives to understand how society would evaluate such policies. Understanding risk
attitudes and the role of loss aversion for these attributes is currently even more relevant due to
the Covid-19 pandemic, where many moral trade-offs exist.
This thesis proceeds as follows. Section two discusses the relevant literature leading up
to the hypotheses. Section three discusses the data and methodology. Section four provides and
discusses the results, after which section five concludes and section six provides a discussion.
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2

Theoretical Framework

2.1

Risk attitudes under prospect theory

An essential foundation to discern disparities in risk attitudes is prospect theory (Kahneman &
Tversky, 1979); for which reference dependence, loss aversion and probability weighting are
relevant. The first two concepts relate to the fact that outcomes are evaluated from a reference
point, where a loss is weighted more heavily than a gain. A straightforward way to model
reference dependence and loss aversion is the following:
𝑢(𝑥) = (𝑥 − 𝑟)𝑎 𝑖𝑓 𝑥 ⩾ 𝑟
𝑢(𝑥) = −λ(r − x)ß 𝑖𝑓 𝑟 > 𝑥
This model implies that if some value, x, is a deviation from a reference point, r, and is
evaluated as a loss (i.e. x < r), a person receives some utility multiplied by -λ (lambda). Here,
lambda is the coefficient of loss aversion. If the value of lambda is greater than one, this
indicates that a person is loss averse. Kahneman & Tversky (1991) have observed values of
lambda that range between 2 and 2.5. This implies that a person receives more disutility from
losing €2 than he/she would obtain from gaining €4. The finding that reference points matter
also implies that if two people win €5, where one expected to win €0 while the other expected
to win €10, one person may evaluate it as a gain while the other may value that same transaction
as a loss, which is not the case under expected utility theory. Graphically, reference dependence
can be illustrated by concave utility over gains and convex utility over losses, as in Figure 1:

Figure 1: Reference dependent utility (Kahneman & Tversky, 1979).
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An imperative consequence of reference-dependent utility as in prospect theory is that
it results in asymmetric risk aversion, i.e. different attitudes over gains and losses. Precisely,
people are likely to prefer a safe option over a risky option in the gain domain, even if the risky
option has a higher expected payoff. This is because people want to avoid disappointment and
therefore pick a certain gain. On the other hand, people become risk-seeking in the loss domain.
This is because the safe option entails a certain loss, whereas the risky option has a chance to
avoid losses completely. Consequently, even if the expected payoff of the safe option is higher,
people may prefer the risky option in an attempt to avoid losses (De Martino, Camerer &
Adolphs, 2010). As such, contrasting reference points can lead to vastly different risk attitudes
based on whether a decision is viewed as a gain from a reference point or as a loss from a
reference point. Nevertheless, both may be regarded as wealth-maximizing errors as this may
lead to a preference for an option with a lower expected payoff.
Besides the differential valuation of utility in the loss and gain domain, prospect theory
also captures attitudes to chance through probability weighting. Supposing a decision-maker is
facing a mixed gamble denoted as xpy, expected utility theory assumes the following:

𝐸𝑈(𝑥) = 𝑝 × 𝑢(𝑥) + (1 − 𝑝) × 𝑢(𝑦)

This indicates that the value of the gamble, expressed in expected utility, is simply the
probability of x multiplied by the utility of x plus the probability of y multiplied by the utility
of y. Prospect theory is different, as the valuation of the gamble would be as follows:

𝐸𝑉(𝑥) = 𝜋(𝑝) × (𝑥 − 𝑟)𝑎 + 𝜋(1 − 𝑝) × −λ(r − y)ß

As discussed before, the utility part of the value function is already different under
prospect theory since a negative outcome (assuming r>y) is weighted more heavily in the utility
function than a positive outcome (assuming x>r). Additionally, π captures the probability
weighting function, which indicates that people weigh probabilities different from their face
value. This finding is empirically supported, and is revealed to be an inverted S-shape (Prelec,
1998), and may differ for gains and losses (Abdelaoui, 2000). The consequence of probability
weighting is that people overweight small probabilities; for instance, the chance to die in a plane
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crash (estimated at roughly 0.0001%) may be significantly overestimated. Conversely,
extremely high probabilities are underweighted, meaning that events that may occur with 99%
certainty are underestimated. Probability weighting can explain some decision-making
anomalies such as insurance (Babcock, 2015) and the purchasing of lottery tickets (Kocher,
Krawczyk & van Winden, 2014), which may not always be considered rational.
Whereas concave utility over gains and convex utility over losses implies risk aversion
over gains and risk-seeking over losses, the effects of probability weighting are more extensive.
For instance, over gains with a high probability people are risk-averse because they underweight
high probabilities, whereas over gains with a low probability people are risk-seeking because
they overweight low probabilities. Similarly, over losses with a high probability people are riskseeking because they underweight high probabilities, whereas over losses with a low probability
people are risk-averse because they overweight low probabilities. As such, a person’s decisionmaking under prospect theory is influenced by their level of loss aversion, whether the decision
is seen as a gain or loss from a reference point and probability weighting. Together, these
components determine the expected utility resulting from a risky gamble, which is weighted
against the expected utility of an alternative, which can for instance be a degenerate prospect.
Based on prospect theory people evaluate decisions from a reference point, where losses
from that reference point are weighted more heavily than gains, with concave utility over gains
and convex utility over losses resulting in asymmetric risk aversion. These reference points can
be induced, so that even a gain can be framed as a loss, thereby changing people’s attitudes
toward risk. Based on these findings, the first hypothesis is:
H1: “People are more risk-seeking when decisions are framed in terms of losses instead of
gains”.
In prospect theory, loss aversion is a distinct concept from risk attitudes in the gain or
loss domain. However, people may perceive different reference points than those induced in
the decision problem. Specifically, they may face a pure positive payoff lottery and still
perceive and code particular payoffs as losses, thereby evaluating a gain or loss prospect as a
mixed prospect. Consequently, loss aversion may still play a role in explaining differences in
risk attitudes between people. The second hypothesis formulates this idea formally:
H2: “Differences in risk attitudes between people can be explained by differences in loss
aversion”.
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2.2

Attribute dependent risk attitudes

The next section discusses literature on differences in risk attitudes over attributes that arguably
carry different levels of moral consequences. Morality is a broad concept and may be
interpreted in many different ways. For instance, Gert and Gert (2002) distinguish morality in
a normative sense and a descriptive sense. Normatively refers to a code of conduct that would
be put forwards by all rational people under certain conditions. Descriptively refers to the actual
code of conduct that is put forward by an individual, group, or society. This code of conduct is
likely to label certain behaviours as ‘immoral’, anew a broad term, that may for instance include
hurting others or murder (Roberts, Henry & Molenberghs, 2019). In line with the latter, the
preceding section mainly deals with decisions in which human health, human lives and animals’
lives are at stake, which are ultimately to be compared amongst each other.
An example of a moral decision where people tend to display behaviour that is mostly
loss averse is the trolley problem (Thomson, 1976). In the basic version, people have two
choices: do nothing and kill five people, or actively kill one person to save five. Under the
rationality assumption of economics, the pay-off of saving five people is higher than that of
saving none (excluding the person that would be killed in the alternative). Consequently,
choosing not to kill one person would indicate a high level of loss aversion, and although no
actual risk is involved in this decision, the reluctance to sacrifice one person to save five others
can be indicative of a high level of risk aversion as people may be unwilling to risk one human
life even if by doing so five others can be saved. It may, however, also increase risk-seeking
since people may dislike losing one life so much they risk multiple others to try and avoid loss
of life altogether. Related to morality and affect, research has indicated that such a personal
dilemma engages brain regions associated with emotion rather than controlled reasoning
(Greene et al., 2001), and people are far less likely to pull the switch when the person that would
be killed as a result is young, a romantic partner or a relative (Bleske-Rechek et al., 2010).
In 2017, a group of researchers tested the trolley problem empirically by conducting an
experiment where people thought the situation was real. It was revealed that most people would
not pull the switch1, even if upfront they stated they would. Intuitively, this result makes sense
because whereas losing money has no moral consequences and money is fungible, actively
having to kill a person will carry a relatively large moral burden, especially because deaths are
non-reversible and non-replaceable. Besides that, social norms are likely to play a role in such

1

“The Greater Good”. Mind Field. Season 2, Episode 1. Retrieved 23 April 2021.
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scenarios, as not killing other people can be considered a social norm (Hechter & Opp, 2001),
altogether leading to people preferring to not taking any action. These findings emphasize that
loss of life comes with great enmity, and people are likely to evaluate decisions involving
human lives differently from less morally loaded attributes, money for instance.
A well-known example to which the concepts of prospect theory can be applied is the
Asian disease problem by Kahneman & Tversky (1981), where people make decisions
regarding human lives, and is used by many authors to analyse attribute dependent risk attitudes.
As anticipated by prospect theory, people have displayed to reverse their risk preferences when
an outcome is framed as a loss rather than a gain, a phenomenon known as the reflection effect.
This is also known as risky choice framing (Levin, Schneider, & Gaeth, 1998). Kahneman &
Tversky (1981) found the following, where initially people could choose between:

Program A: 200 people will be saved
Program B: 1/3 probability to save 600 people; 2/3 probability that no one will be saved.

In this gain frame (i.e. focussing on saving people), 72% picked the first option, where
200 people will be saved for certain. Although both options have the same expected payoff, the
finding that people prefer the safe option indicates that people are risk-averse in the gain
domain. Subsequently, they transformed the two options into a loss frame by focussing on
deaths instead of lives saved. Using the same outcomes, people could choose:

Program C: 400 people will die.
Program D: 1/3 probability that no people will die; 2/3 probability everyone will die.

These two options are the same as A and B, yet concentrated on losses. Here, 78%
prefers option D. This preference reversal, also known as the reflection effect, contradicts the
invariance axiom of the expected utility theory, which states that how a decision is framed
should not affect a person’s decision. This explanation differs from the previous notion that
people prefer a certain outcome with the same expected outcome to a risky one, as in this case
people dislike the idea of a certain loss and prefer to take the risky option in an attempt to avoid
losses wholly. Utilizing prospect theory’s concepts, due to the convexity of disutility resulting
from losses under prospect theory, people predominantly exhibit risk-seeking behaviour when
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decisions are framed as losses. An underlying mechanism that can explain this framing effect
is salience, which states that our behaviour is to a large extent influenced by what our attention
is drawn to (Dolan et al., 2012). By purposefully making a certain decision look better or worse,
even if intrinsically it is the same, a certain part of the decision is made more salient, thereby
influencing a person’s consequential behaviour.
Bless, Betsch and Franzen (1998) replicated the previous result, revealing that this
preference reversal held when framed as a medical decision problem, yet disappeared when it
was introduced as a statistical problem, indicating that it may indeed be the result of the
representation of a problem. A meta-analysis by Kühberger, Schulte-Mecklenbeck and Perner
(1999) confirms these findings. They find that when decisions are framed as gains, roughly
60% of people take the certain option, whereas when it is framed in terms of losses this number
reverses, namely that 60% takes the risky option. This is in line with the argument that people
dislike losses resulting from a risky prospect that is framed as a gain, and dislike losses resulting
from a certain option that is framed as a loss (De Martino, Camerer & Adolphs, 2010).
There has been a multitude of research utilizing the Asian disease problem’s setup to
analyse risk attitudes across various attributes. A study by Levin and Chapman (1990) copied
the setup of the Asian disease problem by Kahneman and Tversky (1981) but made a subtle
change: the disease at hand was AIDS, and the people at risk were either haemophiliacs or
intravenous drug abusers. For the first group, which are characterized as innocent people, the
usual result is found: people are risk-averse when the decision is framed in terms of lives saved,
and risk-seeking when the decision is framed in terms of lives lost. This preference reversal
does not hold for the latter group, being drug addicts, where the proportions are roughly 50%.
This is in line with the idea that a higher value for what is at stake leads to stronger framing
effects, elucidated by a more linear value function for less valuable outcomes (Fagler and
Miller, 1997; Bloomfield, 2008).
The latter finding has been replicated by various authors and for numerous different
attributes. Wang, Simons and Brédart (2001) find no preference reversal for extra-terrestrial
lives, Zickar and Highouse (1998) for jobs and tax laws, Schneider (1992) for animals’ lives
and Kühberger (1998) for business and gambling, although all find the usual preference reversal
when human lives are at stake. Related to the research question at hand, this may indicate that
asymmetric risk aversion is stronger when the moral burden of a decision increases, where risk
aversion and risk-seeking are strengthened in the gain and loss domain, respectively.
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Despite the previous findings, not all research finds that preference reversals are
stronger for human lives, as instead, some research has found that people are more risk-seeking
over human lives than other, affect-poorer attributes regardless of framing. A study by
Bloomfield (2006) has utilised a similar idea to what is here being considered as a moral
decision. Anew replicating the Asian disease problem’s setup, Bloomfield analyses the role of
‘value’ in risk attitudes, here based on animals’- and human lives. Bloomfield replicates the
standard finding that when human lives are involved, people are more risk-seeking when the
decision is framed in terms of losses instead of gains and finds that this effect is stronger for
larger group sizes. However, it is also found that people are predominantly risk-seeking over
human lives in the gain frame, especially when names or pictures were included, which
enhances the value of the attribute. Additionally, people are found to be more risk-seeking when
human lives are at stake than when animals’ lives are at stake in both the gain and loss domain,
which points to the possibility that a higher value for what is at stake may enhance risk-seeking
behaviour even if decisions are framed in terms of gains.
Heilman and Miclea (2016) analysed risk attitudes over both gains and losses in the
financial domain, animals’ lives domain, and human lives domain. Further confirming that
people are more risk-seeking over losses, they also find differences among the three domains
in the same frame. Although respondents are predominantly risk-averse in the gain frame,
people are found to be more risk-seeking over human lives than over animals’ lives, and more
risk-seeking over animals’ lives than over money. This effect is even more pronounced in the
loss frame, and the explanation offered by the authors is that differences between the various
domains may be triggered by different emotional reactions to the decision problem.
Other research also finds that people are risk-seeking in situations that involve human
lives, regardless of whether the decision is framed in terms of gains or losses (Kühberger et al.,
1999; Fagley & Miller, 1997). This finding contradicts prospect theory in the sense that it does
not predict risk-seeking behaviour when decisions are framed in terms of gains, and contravenes
other research that finds greater risk aversion over human lives in the gain domain. Wang (1996)
also finds significantly higher levels of risk-seeking behaviour when human lives are at stake
and the decision is framed in gains, although this behaviour is still stronger in the loss frame.
Jou, Shanteau and Harris (1996) also find that people are systematically risk-seeking over
human lives and risk-averse over property when framing is eliminated.
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Besides research utilizing the setup of the Asian disease problem, Krawczyk (2015)
finds that domains with lower fungibility that are affect-rich induce more risk-taking behaviour
than affect-poor domains. This finding is in line with the argument that when the displeasure
resulting from losses increases, people may be more inclined to take risks to avoid those losses.
Kemel and Paraschiv (2018) measured risk attitudes under prospect theory for human lives and
money. They used a range from 0 until 100 for gaining and losing human lives and applied the
same range for the scenario involving money. They find that people are less risk-averse and
more risk-seeking when the decisions concern human lives compared to money and find that
the decisions involving human lives are characterized by higher loss aversion and less elevated
probability weighting.
Other research has demonstrated that people also do not make rational decisions that
concern their health. Breyer and Fuchs (1982) used a survey where people decided between a
certain (un)favourable health effect and a probabilistic effect, where people are found to be riskaverse over health gains and risk-seeking over health losses, with a differently shaped utility
function for gains and losses, where people are more sensitive to losses than to gains, also found
by other research (Lipman, 2020; Attema, Brouwer and l’Haridon 2013). Comparing risk
attitudes over health and money, Prosser and Wittenberg (2007) find that people are
predominantly risk-averse over monetary gains and risk-neutral over health gains, which
essentially means they were more risk-seeking over health which exemplifies the
inappropriateness of utilizing risk attitudes regarding money as a proxy for risk preferences
regarding health.
Based on the literature, there are indications that people may be more risk-averse when
the moral consequences of a decision increase, e.g. when human lives at stake, indicated by for
instance the trolley problem and the argument that affect-rich domains may warrant cautious
behaviour. Other research suggests that framing is stronger for affect-rich domains due to
greater non-linear utility, which would result in stronger risk aversion and risk-seeking over
gains and losses, respectively when the moral consequences increase. Other research, however,
indicates that a higher affect for what is at stake may increase a person’s risk-seeking behaviour
in both the gain and loss domain. In line with the latter, the explanation adopted here is that
when the moral burden of a decision increases, people exhibit more risk-seeking behaviour to
attempt to minimize or avoid objective losses, regardless of whether that decision is framed as
a gain or a loss. As Heilman and Miclea (2016) indicated and experiments concerning the trolley
problem also revealed, moral decisions are likely to activate brain regions associated with
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emotion rather than controlled reasoning, which may lead to further wealth-maximizing errors
that deviate from the homo economicus. In line with hypothesis 1, people are still expected to
be more risk-seeking over losses than over gains; but people are hypothesized to be more riskseeking in decision problems that pose more serious moral consequences regardless of whether
it is framed as a gain or a loss. The third and final hypothesis formalizes this idea:

H3: “People are more risk-seeking in situations where the potential loss poses a more
significant moral burden”.

As the hypothesis concerns decisions involving losses, it is important to recall that losses
may play a role even in decisions framed as pure gains, which motivated hypothesis 2. As in
the Asian disease problem, saving 200 out of 600 people may be framed as a gain of 200 people,
but is simultaneously a loss of 400 people. As people are made aware of the fact that objectively
the decision also involves losses, people may code certain payoffs as losses, prompting
hypothesis 3 to revolve around losses.
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3

Data and Methodology

3.1

Survey design

To study differences in risk attitudes across scenarios that involve varying degrees of morality,
a Qualtrics survey is conducted utilizing both a within-subject design as well as a betweensubject design. Specifically, for the first hypothesis, the main interest is whether people behave
differently when a decision is framed in terms of losses rather than gains. For that matter, two
groups will be created: one group will receive multiple scenarios where all the prospects are
framed in terms of gains, while the other group receives the same scenarios where all the
prospects are framed in terms of losses. To analyse whether people exhibit different risk
attitudes across the different scenarios that have differing levels of moral consequences, a
within-subject design is utilized. Specifically, each respondent will receive three scenarios that
will be discussed promptly. One scenario involving money is also incorporated to measure loss
aversion, which also varies between the two groups.
A downside to the within-subject design is that learning across questions might occur.
To address this issue as appropriately as possible, the different scenarios will appear in a
randomized order for the participants to minimize a learning bias at the population level.
Secondly, the amounts will vary slightly across the different scenarios so that they do not look
analogous. Thirdly, to avoid that participants must make too many decisions, participants will
solely be asked to indicate their switching point from a risky to a safe option. This should not
pose a problem assuming monotonicity: for example, if people prefer gaining €300 with
certainty over a mixed prospect, they should strictly also prefer gaining €400 with certainty
over that same mixed prospect. Lastly, to make sure people understand how to answer the
questions, they receive a practice question with instructions on how to answer the preceding
questions. This practice question concerns a simple monetary trade-off between a lottery and a
certain payoff. People’s preference was assumed and given in the question, so they merely had
to click the correct answer corresponding to that preference. This practice question also
functions as a quality check to ensure people have properly read the question.2 Other quality
assurances include the prevention of multiple submissions (i.e. a respondent is only able to fill
in the survey once) and the duration of filling in the survey. Responses that took extremely short
(e.g. < 2 minutes, which was the case for four responses) were manually checked and deleted
if deemed necessary.

2

The practice question can be found in Appendix A.
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The design of each question is intrinsically identical. The respondents are presented with
multiple scenarios. In each scenario, they face two options, where the first option is probabilistic
and thereby risky, whereas the second option is safe, i.e. occurs with 100% chance if chosen.
The first option is a binary prospect xpy which yields x with probability p and yields y with
probability 1-p, where 1 ⩾ p ⩾ 0. Accordingly, the expected payoff of the risky option is px +
(1-p)y. The first option is also a mixed prospect, so that x ⩾ 0 ⩾ y, i.e. x is a gain and y is a
loss. However, similar to the traditional Asian disease problem, the decisions are framed in
terms of losses or gains. This induces a reference point, after which the prospects can be
considered as either a gain prospect or a loss prospect. As such, it allows for the measurement
of risk attitudes as it concerns pure gains or losses. Nonetheless, loss aversion remains relevant,
since it is objectively a mixed prospect, and respondents are made aware of this fact, and may
(re)code certain payoffs accordingly.
The second option is a degenerate prospect that pays s with certainty, where s varies in
amounts. As mentioned, respondents must indicate the switching point, at and below which
they prefer the degenerate prospect over the binary prospect. If respondents switch to the
degenerate prospect when s < px + (1-p)y they can be considered risk-averse. If they instead
switch to the degenerate prospect when s > px + (1-p)y, they can be considered risk-seeking.
People can be considered risk-neutral if they are indifferent between the two prospects when
s = px + (1-p)y.
The point at which people switch essentially measures at which point they are at least
indifferent between the binary prospect and the degenerate prospect. We know from prospect
theory that the switching point does not need to occur at the point where s = px + (1-p)y, where
the expected pay-off from both prospects is equal. This is due to non-linear utility, the
differential evaluation of positive and negative outcomes, and here to a lesser extent probability
weighting (since the certainty- or probability effect are not dealt with), which means the
expected utility of both prospects may not be equal at this point. Specifically, the aim is to find
the point where U(sk) ⩾ EU(px + (1-p)y). Ideally, the exact value of s where people are
indifferent between the two prospects is obtained, but since s takes certain pre-set values, it can
only be said with certainty that U(sk) ⩾ EU(px + (1-p)y) and U(sk-1) ⩽ EU(px + (1-p)y), i.e.
their certainty equivalent lies somewhere between two values of s, here denoted by k and k-1.
Of course, we could let s be any integer, i.e s∈Z, to find the precise certainty equivalent, but
this would immensely increase the required cognitive capacity of the respondents.
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Since the numerical values across scenarios are not equal, i.e. x, y and s differ in
scenarios, the decisions are created as similarly as possible. Specifically, there are ten tradeoffs for each scenario, where p, x and y remain the same while s ranges from 0.1x to x, i.e. the
safe option is at least 10% of the potential gain/loss of the binary prospect and at most equal to
the potential gain/loss of the binary prospect. Additionally, the expected value of the binary
prospect is always 0.6x, so that s = px + (1-p)y always occurs at row 6, regardless of their
respective numerical values and the probabilities of the binary prospect. This allows variation
of the values of x, y, and s as well as the probabilities p and 1-p, while maintaining a consistent
structure so that people’s switching points can be compared across scenarios and frames.

3.2

Scenarios

Three scenarios with arguably differing levels of moral consequences will be utilized. As
hypothesis 3 anticipates more risk-seeking over morally loaded domains, the scenarios are
based on the most commonly used examples in other research besides money, which are human
lives (as e.g. Kemel and Paraschiv, 2018), human health (Lipman, 2020) and animals’ lives
(Bloomfield, 2016).
To obtain a fitting measurement of risk attitudes for non-replaceable losses that carry a
heavy moral burden is rather strenuous. For instance, a major criticism of the trolley problem
and Asian disease problem is that they are too unrealistic and unrepresentative of moral
situations people encounter in the real world (Bauman, McGraw, Bartels & Warren, 2014). It
would therefore be more appropriate to use relatable scenarios, as Bauman et al. (2014) also
advocate, for instance by using product safety examples for engineers. Unfortunately, the
availability of such a specific group was lacking to execute such an idea. A more recent context
that involves many moral decisions of which people are mostly aware, is the Covid-19 crisis.
For example, vaccines are a heavily debated topic. This is essentially a more modern version
of the Asian disease problem by Kahneman and Tversky (1981), as the goal is to battle a lifethreatening disease that is still ongoing while respondents were confronted with the decisions.
Utilizing the vaccines topic, a similar risky choice measure as Mrkva et al. (2020) and
Kahneman and Tversky (1981) is used, while also including a certain alternative as in Ert &
Erev (2007). Here, people have the option to accept a vaccine that has a 60% probability to save
600 people, and a 40% probability to kill 600 people, which is a binary prospect denoted as
6000.6-600. The expected payoff of this binary prospect is equal to 0.6*600 + (1-0.6)*-600,
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which indicates that on average, it saves 360 people and kills 240 people. This is considered
the risky choice. Besides that, people can choose another vaccine, that is completely safe but
has varying degrees of effectiveness. This effectiveness will vary from saving 60 people (i.e.
10%, meaning 90% of people still die) until 600 people (everybody is saved), with increments
of 60 people in between. In the gain frame, the decision will be framed in terms of ‘saved’ and
‘not saved’. The expected outcome of the risky option is that 360 are saved, and people are
expected to be risk-averse over gains and are thus expected to switch to the safe option before
s = 360. If we reframe the problem in terms of the certain losses (‘are killed’ and ‘are not
killed’), prospect theory would predict risk-seeking behaviour, indicating that people are
expected to prefer the risky option even after the certain option that kills 240 people.
Besides using the aforementioned scenario, two scenarios will be included that arguably
carry differing levels of moral burden that can reasonably be expected to be lower than human
lives, but higher than e.g. money (as in most literature). The first one concerns human health
rather than human lives, which carries some moral burden, and is not fully replaceable but more
so than human lives and also adds to the literature that analyses whether health gains are
evaluated differently from health losses (Lipman, 2020; Breyer & Fuchs, 1982). Specifically,
it concerns a vaccine that has a 60% probability to protect 900 people against Covid-19, and a
40% probability to be ineffective against Covid-19 and cause painful medical complications for
900 people, a binary prospect denoted as 9000.6-900. It is emphasized that neither vaccine can
have fatal consequences. It is therefore a trade-off between a health gain (protection against
Covid-19) and a health loss (medical complications), again framed in pure losses (‘hurt’) or
gains (‘protected’). This binary prospect is weighed against a vaccination that has predictable
effects, i.e. hurts, and protects a certain part of the population, which again ranges from
protecting 90 people to 900 people with increments of 90 people.
The final option concerns animals and is framed similarly to the Asian disease problem
(e.g. as in Bloomfield, 2006). People can accept a risky option that has a 60% chance to save
800 cows and a 40% chance to kill 800 cows, denoted as 8000.6-800, or a safe option that saves
between 80 and 800 cows with increments of 80 and does not save the rest. As in the previous
scenarios, in the gain frame the decisions are framed as ‘saved’ and ‘not saved’, and in the loss
frame, the decisions are framed as ´not killed’ and ‘killed’ so that the decision concerns pure
gains or losses to measure risk attitudes while maintaining loss aversion’s relevance.3

3

The exact scenarios and questions as presented to the respondents can be found in Appendix A.
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3.3

Loss aversion

As pointed out, loss aversion may still play a role in the previous decisions if respondents code
parts of the decision problem in terms of losses, even if these parts are framed as pure gains. To
obtain a measure for a person’s loss aversion, a combination of Mrkva et al.’s (2020) risky
choice measure combined with Ert & Erev’s (2007) finding that a person’s tendency to exhibit
loss aversion may be influenced by introducing a certain alternative is utilized. Here, a binary
mixed prospect involving money, denoted as 20000.75-1200, is weighed against a degenerate
prospect s which ranges from gaining €200 until €2000 with increments of €200, where a
person’s switching point from the mixed prospect to the degenerate prospect is used to infer
their level of loss aversion. Fifty-fifty gambles are avoided, as such gambles may reduce the
tendency to exhibit loss aversion (Ert & Erev, 2013).
Similar to the previous scenarios, two versions are included: a ‘gain’ frame and a ‘loss’
frame. It is different, however, in the sense that this monetary gamble is presented as a mixed
gamble, except here the certain option is either a gain or a loss. To achieve consistency between
the question involving certain gains and the question involving certain losses, the amounts are
slightly different in the loss frame so that the expected value, here in terms of losses, is at the
same point as in the gain frame, i.e. occurs at row 6. Therefore people decide between a binary
mixed prospect denoted as -20000.752000 and a certain loss which ranges from €2000 (i.e. s =
-2000) until €200, again with increments of €200. This yields an expected value of -€1000.
For this mixed gamble, risk-neutrality is assumed and therefore differences in switching
points are attributed to loss aversion. Although a person’s switching point is used as the
measurement for loss aversion, lambda can be isolated utilizing the utility function under
prospect theory. It ranges from 4.33 (loss averse) until -1.67 (loss seeking). For example, under
risk-neutrality and no loss aversion (λ = 1) the following equations are obtained:
(1) Decision where the degenerate prospect is a gain:
0.75 × 2000 + 0.25 × −λ × 1200 = 1200
λ=1
(2) Decision where the degenerate prospect is a loss:
0.75 × −λ × 2000 + 0.25 × 2000 = −λ × 1000
λ=1
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3.4

Moderators

The main interest is analysing the effects of different language frames, each with a different
degree of (moral) consequences, as well as a person’s loss aversion. Besides these decisions,
many characteristics can influence a person’s willingness to engage in risks, their level of loss
aversion or both. These will be included in the regression models that will be discussed later
and will be gathered using the Qualtrics survey after the main questions have been answered.4
Firstly, the literature has revealed that older people exhibit greater loss aversion, both in
riskless valuations and in their risky choices (Gächter, Johnson & Herrmann, 2007). Regarding
risk attitudes, the literature is not as clear-cut: some research finds that risk aversion increases
with age (Albert & Duffy, 2012), whereas other research finds that risk tolerance increases with
age (Wang & Hanna, 1997). Respondents are asked to indicate their age in years.
Secondly, loss aversion tends to differ between males and females, with females being
more loss-averse (Rau, 2014; Schmidt & Traub, 2002). The literature regarding risk attitudes is
again not clear-cut: some research finds no gender differences (Maxfield, Shapiro, Gupta &
Hass, 2010), while other research finds that women are more risk-averse (Borghans, Golsteyn,
Heckman & Meijers, 2009).
Thirdly, people with more education tend to be less loss-averse (Johnson, Gächter &
Herrmann, 2006; Booij & Van de Kuilen, 2009; Hjorth & Fosgerau, 2011). Additionally, it is
found that more educated people are more risk-seeking and less risk-averse (Outreville, 2015;
Breyer & Fuchs, 1982). Similarly, people will be asked to indicate their current employment
status.
Fourthly, studies have analysed the relationship between loss aversion, risk attitudes and
emotions. For instance, Camps-Vazquez and Cuilty (2014) find that anger reduces loss
aversion. Meier (2019) finds that both happiness and anger increase the willingness to take
risks, whereas fear reduces the willingness to take risks. Other research also finds that emotions
affect probability weighting (Krawczyk, 2015). As such, people will be asked to self-assess
their current happiness on a scale from 0-10.

4

Control questions, including the possible answers, can be found in Appendix B (demographics) and C
(personality traits).
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Although risk attitudes seemingly differ across several demographic features, they can
also differ across specific personality traits. One model of personality traits is the OCEAN
model, also referred to as the ‘Big Five personality traits.’ This model includes Openness,
Conscientiousness, Extraversion, Agreeableness, and Neuroticism. For instance, extraversion
is revealed to negatively correlate with investors propensity to exhibit myopic loss aversion,
whereas neuroticism has a positive correlation with myopic loss aversion (Durand, Fung,
Limkriangkrai, 2019). Bibby and Ferguson (2011) also find that higher levels of extraversion
are associated with lower levels of loss aversion but find no significant effects for the other four
personality traits. There also exists some literature that has related the OCEAN framework to
risk attitudes. Specifically, agreeableness and conscientiousness are found to correlate with
risk-averse behaviour (Raynor & Levine, 2009; Friedman et al., 1995), whereas openness,
extraversion and neuroticism are found to correlate with risk-seeking behaviour (Raynor &
Levine, 2009; Booth-Kewley & Vickers, 1994).
Although research utilizing these traits in combination with risk attitudes exists but is
relatively limited, such readily available and measurable personality traits may be interesting
to include in the analysis. Since these traits are not the main interest of this research, respondents
were asked to what extent they agree with three statements for each personality trait, making
the total number of statements fifteen, to make sure that this part of the survey does not take up
the majority of a respondent’s time. The statements are based on Kelloway and Francis (2012)4,
and answers are based on the Likert scale. The variables are generated as the weighted average
response to each of the three statements, which are coded to range from 1 until 5.
Besides using the aforementioned variables, the survey will also be offered in both
Dutch and English. Other research has indicated that decision biases can be reduced by using
foreign languages in decisions (Keysar, Hayakawa & An, 2012), and foreign languages also
influence moral judgements (Geipel, Hadjichristidis & Surian, 2015). For that reason,
participants will also be asked to indicate their mother language [1 = Dutch, 2 = English, 3 =
Other]. Subsequently, a dummy variable will be included in the analyses which indicates
whether a respondent answered the survey in his/her mother tongue to control for any language
biases [0 = Yes, 1 = No].
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3.5

Descriptive statistics

As the previous sub-paragraphs have outlined how and what data is collected, the preceding
section will present the descriptive statistics to give an overview of the data. This is also relevant
to determine which statistical tests can be used, especially the distributions of the main
variables. Firstly, Table 1 provides the sample descriptive statistics. The number of
observations is not incorporated. In total, the number of valid responses added up to 126. This
implies that for each control variable, the number of observations is 126, and for each scenario,
the number of observations is 63. The latter is the case because respondents only answered
questions in either the gain or the loss frame.

Table 1: Sample Descriptive Statistics
Variable

Mean

Std. Dev.

Min

Max

Loss – Money

6.41

2.02

1

10

Loss – Animals

6.67

1.78

2

10

Loss – Human health

6.56

2.24

1

10

Loss – Human lives

6.97

2.00

1

10

Gain – Money

5.03

1.95

1

10

Gain – Animals

5.86

1.72

1

9

Gain – Human health

5.84

1.99

1

10

Gain – Human lives

5.81

2.30

1

10

Age

34.38

13.30

18

70

Sex

1.58

0.50

1

2

Education

4.87

1.12

3

7

2

1.11

1

9

Mother language

1.44

0.76

1

3

Happiness

7.56

1.16

3

10

Openness

3.92

0.66

2.33

5

Conscientiousness

3.51

0.80

1

5

Extraversion

3.33

1.00

1

5

Agreeableness

4.19

0.53

2.33

5

Neuroticism

2.90

0.98

1

5

Employment
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Based on the sample descriptive statistics, some interesting things can be noted. For
instance, the mean answer to each of the decisions in the loss frame is consistently higher than
6. As noted before, row 6 is the point at which the expected payoff of the risky option is equal
to the payoff of the safe option. Switching after row 6 indicates some level of risk-seeking
behaviour, and the mean, therefore, indicates that people are predominantly risk-seeking in the
loss domain. On the other hand, the mean value in the gain frame is consistently below 6,
indicating that people are predominantly risk-averse in the gain domain. Interestingly, the
minimum value is nearly always 1 and the maximum value 10, which are extremely risk-averse
and risk-seeking, respectively. Although noteworthy, these are mostly outliers that have been
validated and deemed as legitimate responses.
Some of the control variables require additional explanation, as they are coded, and their
interpretation may therefore be less obvious. Respondents ages exhibit a relatively large
spectrum, ranging from 18 until 70 with a mean of 34 years old. Although sex had three options,
all people answered either with 1 (male) or 2 (female). 42% of respondents are male, whereas
58% of respondents are female.
Education and employment are most strenuous, as they can be considered to be at the
ordinal scale and nominal scale, respectively, with more than two possible answers. Firstly,
education ranged from 1 (none) until 8 (PhD). Responses ranged from 3 (High school) to 7
(Master’s degree from a university).

Most respondents answered with 4 (Intermediate

vocational education), 5 (Higher vocational education) and 6 (Bachelor’s degree from a
university). These last 3 groups were represented roughly equally.
Secondly, employment ranged from 1 (student) until 9 (unable to work). As the mean
of 2 suggests, most people answered 2 (Full-time paid employed). Besides that, most people
answered 1 (student) or 3 (Part-time paid employed). Few people are self-employed,
unemployed, or unable to work. Since the variable is at the nominal scale with many categories,
it has been split into two categories: employed (36%) and not employed (64%).
Since the distribution of a variable is important to consider when determining what tests
are appropriate, the main variables, i.e. the switching points, have been tested for normality.
Since the main focus is comparing frames and scenarios, the distributions of these variables
will be analysed using histograms and the Shapiro-Wilk test for normality. Firstly, Figure 2
depicts the respondent’s switching points in the scenarios involving human lives utilizing
histograms, and includes the standard bell curve that represents a normal distribution:
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Figure 2: Histograms of switching points.

The histograms of the other scenarios, as well as the decision involving money, can be
found in Appendix D. Although some variables represent the bell curve somewhat, none of
them can be considered perfectly normally distributed. As is perhaps to be expected, the kurtosis
is often rather high around the switching point of row 6, where the expected payoff of both
prospects is the same. The scenarios involving human lives, depicted above, display a much
larger spread but are still not normally distributed. Nonetheless, the normality is also tested
using the Shapiro-Wilk test for normality.
The results of this test are significant5 for three of the eight scenarios: the loss frame
including human health (p<0.01), the loss frame including human lives (p<0.05) and the gain
frame including animals’ lives (p<0.10). For these variables, the null hypothesis can be rejected,
which means that these samples do not come from a normally distributed population. For the
other scenarios, the results are insignificant (p>0.10), which indicates that the hypothesis that
they come from a normally distributed population cannot be rejected. Nonetheless, given the
non-normality of the three scenarios and the histograms that do not follow the bell curve for the
other scenarios, the data will not be considered as normally distributed. For that reason, nonparametric tests will be required (those not making assumptions about the distributions of the
underlying data).

5

From this point onwards, a result will be considered ‘significant’ if it has a p-value of 0.10 or smaller.
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To attain an interesting insight into the extent to which respondent’s answers were
(dis)similar across the different decision contexts, the following two tables report the pairwise
correlations amongst all of them. Table 2 does so for the gain frame, whereas Table 3 does so
for the loss frame. Note that these are not indications for multicollinearity in the analyses, since
in the regression models the switching points are combined and a dummy variable indicates the
scenario and domain from which the respective switching point originates. Between these
dummies, multicollinearity does not pose a problem as each dummy only takes the value ‘1’
for one scenario and one domain, and is ‘0’ for all the others. With 3 scenarios in 2 domains,
this yields pairwise correlations of -0.2 amongst all the dummies.
Table 2: Pairwise correlations gain frame
Scenarios
(1) Money
(2) Animals
(3) Human Health
(4) Human Lives
*
p < 0.05

(1)
1.000
0.290*
0.359*
0.142

(2)

(3)

(4)

1.000
0.541*
0.617*

1.000
0.534*

1.000

(2)

(3)

(4)

1.000
0.589*
0.732*

1.000
0.619*

1.000

Table 3: Pairwise correlations loss frame
Scenarios
(1) Money
(2) Animals
(3) Human Health
(4) Human Lives
*
p < 0.05

(1)
1.000
0.591*
0.443*
0.482*

These correlations are predominantly rather high and significant but do make sense.
Interestingly, the correlation is especially high between the scenarios where people’s lives are
at stake and animals are at stake, both in the loss and gain frame. Additionally, assuming human
lives carry the highest moral burden, animals’ lives appear to carry a more significant moral
burden than human health given the higher correlation between the scenarios involving animals’
lives and human lives than between the scenarios involving human health and human lives. The
lack of perfect correlation between the scenarios reveals some differential evaluation of each
scenario, whereas the relatively high correlation (on average roughly 0.5) does indicate some
consistency across questions. To extend upon this, Table 4 presents the percentages of
respondents that indicated a different switching point between two scenarios for all possible
pairs. The first row indicates the domain (gain or loss).
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Table 4: Percentages of respondents answering differently
Domain
Scenarios
(1) Money
(2) Animals
(3) Human Health
(4) Human Lives

G
(1)
-/60%
70%
92%

G
(2)

G
(3)

-/57%
78%

-/70%

G
(4)

-/-

L
(1)
-/68%
68%
83%

L
(2)

L
(3)

L
(4)

-/67%
59%

-/70%

-/-

This further indicates the differential evaluation of each scenario, as the percentage of
respondents giving a different answer is consistently higher than 57%. Compared to the human
lives scenario, respondents answered most similar in the health scenario (gain) and animal
scenario (loss). Based on this it is more strenuous to conclude which of the two carries a more
significant moral burden, as it includes both positive and negative differences, and also does
not consider the extent of the differences.
The correlation between the scenario involving money and the other three scenarios is
consistently low (ranging from 0.142 until 0.359 in the gain frame, and 0.443 until 0.591 in the
loss frame). This may be an indication that, in line with previous literature, monetary decisions
are evaluated differently from decisions involving affect. It is, however, also an indication that
a question purely aimed at loss aversion is evaluated differently from a decision aimed at risk
attitudes.
Before moving to the empirical specification, the correlation amongst the predictors has
also been verified to observe the potential presence of multicollinearity, which is a linear
relationship between two or more independent variables (Alin, 2010). No significant
multicollinearity is present, and an overview is included in Appendix E.
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3.6

Empirical specification

To analyse whether risk attitudes significantly differ across the different scenarios and frames,
multiple analyses can be used. Because the samples that are going to be compared are not
normally distributed, non-parametric tests need to be used. The first test that will be utilized is
the non-parametric Wilcoxon Rank-Sum test (Wilcoxon, 1945), also known as the MannWhitney U test (Mann & Whitney, 1947). This test has a few underlying assumptions: firstly,
all the observations from both groups need to be independent of each other. Secondly, the
responses need to be at least measured on the ordinal scale. As such, this test is mainly
appropriate for a between-subject design, as the observations need to be independent of each
other. This is relevant to test the first hypothesis which anticipates that people are more riskseeking over losses than over gains. Since each respondent is only faced with decisions framed
in terms of losses or gains, there is no within-subject variation across the two frames.
Additionally, it can be safely assumed that the data resulting from these decisions are at least at
the ordinal scale.
The second test that will be utilized is the non-parametric Wilcoxon Signed-Rank test
(Wilcoxon, 1945). This test has different assumptions, namely: each pair has to be chosen
independently and randomly, data has to come from the same population and needs to be paired,
and data needs to be measured at least at the ordered metric scale. Consequently, this test is
relevant for the within-subject design of this research, as data needs to come from the same
population and needs to be paired. This is the case for the decisions across the different
scenarios. Additionally, the data is at least at the ordered metric scale, which means it can be
said that switching at row 10 is riskier than switching at row 9, which is riskier than switching
at row 8, et cetera. As such, this test will be utilized to test the third hypothesis which anticipates
that people are more risk-seeking when decisions bear more severe moral consequences. Some
supplemental material on the Wilcoxon tests is included in Appendix F.
Hitherto, the only data that is used is gathered from people’s switching points in
the trade-offs between a risky and safe prospect, which serve the main interest underlying this
research’s hypotheses. Nonetheless, the research can be expanded using regression models to
which all the variables that have been gathered are added. This allows us to test whether the
previously found effects also hold when these other variables are added, and also allows us to
gain an insight into some of the standard moderators of risk attitudes.
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The main part of the empirical analysis will have the following specification:

(1)

SG,i = ß0 + ß1Healthi + ß2Livesi + ß3Agei + ß4Sexi ui + ß5Educationi + ß6Employmenti +

ß7Happinessi + ß8Opennessi + ß9Conscientiousnessi + ß10Extraversioni + ß11Agreeablenessi +
ß12Neuroticismi + ß13Foreigni + ß14LossAversioni + ui
(2)

SL,i = ß0 + ß1Healthi + ß2Livesi + ß3Agei + ß4Sexi ui + ß5Educationi + ß6Employmenti +

ß7Happinessi + ß8Opennessi + ß9Conscientiousnessi + ß10Extraversioni + ß11Agreeablenessi +
ß12Neuroticismi + ß13Foreigni + ß14LossAversioni + ui

Here, S represents a person’s (i) risk attitude in each frame (G/L) and is the dependent
variable based on a person’s switching point in the main survey questions. These models
concern within-subject variation, therefore separating a model which includes all the switching
points from the gain frame from a model which includes all the switching points from the loss
frame. Although each person made three decisions across the three scenarios, individual fixed
effects are not included due to the relatively small sample size and the insignificance of most
individual predictors.
The main independent variables are the different scenarios, which arguably carry
different levels of moral consequences, namely: animals’ lives, human health, and human lives.
Here, the scenario involving animals will represent the reference category, and the two other
conditions are captured by ß1, and ß2, respectively. The other scenarios are also used as
reference categories to analyse differences between these two. ß3 – ß13 capture all the other
moderators that may affect a person’s risk attitude, namely: age, gender, education,
employment,

self-assessed

happiness,

openness,

conscientiousness,

extraversion,

agreeableness, neuroticism and whether a person answered the survey in a foreign language
(i.e. not in his/her mother tongue). ß14 captures a person’s loss aversion, which is used to test
the second hypothesis. Lastly, ui is the error term.
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4

Results

Now that all the underlying data and the empirical specification have been discussed, this next
section will provide and discuss all the results. Firstly, to test hypothesis 1, the observations
from the gain frame will be compared to the observations from the loss frame to analyse whether
the standard finding that people evaluate losses differently from gains also exists here. After
that, observations from different scenarios will be compared to test the third hypothesis. Lastly,
the regression tables will be provided and discussed, which also test hypothesis 2.

4.1

Gain-loss asymmetry

In this sub-section, the gain frame will be compared to the loss frame. To begin with, the
observations can be simplified to that of the traditional Asian disease problem. This can be done
by observing how many people prefer the safe option at row 6, at which point the decision is
intrinsically the same as in the Asian disease problem. Table 5 provides the percentage of people
preferring the safe option over the risky option at row 6:
Table 5: ‘Asian Disease’ percentages
Gain Frame

Loss Frame

Difference

Money

84%

60%

24%

Animals

70%

51%

19%

Human Health

68%

44%

24%

Human Lives

63%

35%

28%

These percentages provide some interesting insights. Of course, it cannot be concluded
with certainty that these percentages would have been obtained if respondents were faced with
the traditional Asian disease problem, where they merely choose between a safe and risky
option. Even so, the results are relatively similar to Kahneman and Tversky (1981), who found
percentages of 72% and 22% for the gain and loss frame, respectively. Comparingly, in the
scenario involving human lives, people are slightly more risk-seeking in the gain frame (63%
versus 72%) and slightly more risk-averse in the loss frame (35% versus 22%). The results are
closer to the meta-analysis of Kühberger et al. (1999), which finds percentages of 60% and 40%
for the gain and loss frame, respectively. In short, this provides some preliminary insight that
the gain-loss asymmetry exists and is similar to other literature.
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The gain-loss asymmetry appears to exist for the other scenarios as well, with the
difference between the gain and loss frame being 24%, 19% and 24% for the money, animals’
lives, and human health scenarios, respectively. The table also provides a preliminary insight
into the differential evaluation across scenarios, as the percentage of people switching before
or at the 6th row becomes consistently lower as the moral stakes increase. Under hypothesis 3,
these percentages would indicate greater risk-seeking over human lives than over human health,
and greater risk-seeking over human health than over animals’ lives. Additionally, in line with
most literature, the reflection effect appears to be somewhat stronger when the moral stakes
increase, as the gap is the largest for the scenario involving human lives at 28%.
Anterior to moving to the statistical results, the gain-loss asymmetry in the scenario
involving human lives can also be depicted graphically, as illustrated in Figure 3 where the
cumulative number of people switching at every row is displayed:

No. of people who switched.

Figure 3: Switching points in the scenario involving human lives

Switching point (Row #).

This figure reveals that people generally switch earlier in the gain frame than in the loss
frame. Although the two lines overlap mostly until row 3, a lot more people switched at row 4
in the gain frame than in the loss frame, leading to a significant gap. After row 6 a lot of people
switch in the loss frame, diminishing the gap but not fully closing it until row 9. It also reveals
that people are predominantly risk-averse in the gain frame (63% switch before or at row 6),
and predominantly risk-seeking in the loss frame (65% switch at or after row 6). The other two
scenarios (animals and human health) display a similar pattern6.

6

Similar plots for the animals and human health scenarios are included in Appendix D.
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To empirically investigate whether the observations in the gain and loss frame are
significantly different from each other, the Wilcoxon Rank-Sum test is conducted, as discussed
before. Under hypothesis 1, a significant result indicates that the observations from the gain
frame are significantly different from the loss frame. Table 4 reports the findings, including the
z-statistics and p-values, as well as the differences in means and medians.

Table 6: Wilcoxon Rank-Sum test results

*

z-statistic

p-value

Δ Mean7

Δ Median7

Money

-4.182

0.0000***

1.38

1

Animals

-2.729

0.0064***

0.80

0

Human Health

-2.711

0.0065***

0.72

2

Human Lives

-2.984

0.0027***

1.16

1

p < 0.1, ** p < 0.05, *** p < 0.01

As could be expected from the large differences between gains and losses in Table 5, as
well as the differences in means in Table 1, all the results are significant at the 1% level. The
difference is least significant for the scenarios at which human’s health is at stake, which is
nearly the same as the scenarios including animals’ lives, and most significant for the scenarios
involving money and human lives. In short, the null hypothesis that the gain and loss scenario
yield the same outcomes can be rejected, which is in line with hypothesis 1 that states that
people are more risk-seeking over losses than over gains, and vice versa.
The scenario involving money concerned loss aversion rather than risk attitudes. The
switching points in the frame involving certain gains significantly differ from the frame
involving certain losses. This may, however, be an indication of loss aversion. When comparing
the loss aversion coefficients between these two frames using the Wilcoxon Signed-Rank test,
no significant results appear, indicating no differences in loss aversion between the two groups.
Over the whole sample, it is found that on average, λ = 1.80. This is lower than Kahneman &
Tversky (1991), but closer to more recent research (e.g. Penning & Smidts (2003) observe λ =
1.81; Booij & Van de Kuilen (2009) observe λ = 1.79). Most people are loss-averse (82%); few
people are loss seeking (18%).

7

Mean/Median loss frame minus Mean/Median gain frame
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Although the previous results are rather convincing, a final test can be conducted,
namely the nonparametric equality-of-medians test. This test reports whether it is likely that
two or more samples came from a population with the same median. Under the null hypothesis,
this is the case, and under the alternative hypothesis, at least one sample was drawn from a
population with a different median. Table 7 provides the results utilizing the Chi² (continuity
corrected) and the p-value.

Table 7: Median test results

*

Chi²

p-value

Money

7.7538

0.005***

Animals

4.0121

0.045**

Human Health

6.3242

0.012**

Human Lives

2.7734

0.096*

p < 0.1, ** p < 0.05, *** p < 0.01

As can recurrently be expected, all the results are significant at the 10% level. This
means that each time, the median of the loss frame is different from the median of the gain
frame. Interestingly enough, the median test is least significant for the scenario involving
human lives, whereas it was significant at the 1% level in the Wilcoxon Rank-Sum test. In
general, the significance levels are slightly lower, but significant regardless. This is not
necessarily surprising, as the Wilcoxon Rank-Sum test compares individual observations,
whereas the median test simply observes whether an observation is above or below the median
value. The medians are likely to be closer together as the number of possible answers was
limited, and distributions exhibited a rather high kurtosis, which can explain the drop in
significance compared to the Wilcoxon Rank-Sum test
In sum, the previous tests are in line with hypothesis 1, which means the data supports
the concept of asymmetric risk aversion, also known as the reflection effect, where risk attitudes
depend on how a decision is framed.
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4.2

Different scenarios

For the third hypothesis, the interest does not lie in the differences between the gain and loss
frame, but between the different scenarios. To again get a graphical idea of the differences in
switching point between the scenarios, Figures 4 and 5 plot the switching point for the scenarios
involving animals’ lives, human health, and human lives for both the gain and loss frame:

No. of people who switched.

Figure 4: Cumulative switching points in the gain frame

Switching point (Row #).

No. of people who switched.

Figure 5: Cumulative switching points in the loss frame

Switching point (Row #).
Here, the differences are less obvious than when comparing the same scenario in the
gain and loss frame. In the gain frame, the effect appears two-fold: initially, a lot of people
switch earlier in the human lives’ scenario indicating stronger risk aversion. After the 6th row,
the human lives line is below the others which would indicate stronger risk-seeking (as people
switch later to close this gap). In general, however, there appear to be no obvious significant
differences between the scenarios.
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In the loss frame, the number of people switching to the safe option is roughly the same
across scenarios until the 5th row. After that, however, it can be observed that more people
switch earlier in the animals’ lives and human health scenario than in the human lives’ scenario.
This does provide some preliminary insight that people may be more risk-seeking over human
lives, although graphically the effect appears to be limited, both in the gain and loss frame.
To empirically test whether the switching points differ significantly from each other, the
Wilcoxon Signed-Rank test will be used, as mentioned. The focus will be on different scenarios
from the same frames, and not between different scenarios that also come from different frames.
Since hypothesis 3 anticipates that people are more risk-seeking when the moral consequences
increase, a one-sided hypothesis will be conducted. Table 8 provides the results for the gain and
loss frame, where the p-values are included, and the significance is indicated by stars.
Table 8: Wilcoxon Signed-Rank test results.

*

Frame

Scenario

Human Health

Human Lives

Gain

Animals

0.8810

0.4827

Gain

Human Health

-/-

0.3077

Loss

Animals

0.7130

0.0246**

Loss

Human Health

-/-

0.1311

p < 0.1, ** p < 0.05, *** p < 0.01
The results are in line with what could be expected from the graphical overview of the

cumulative switching points in Figures 4 and 5. The gain frame revealed the highest overlap,
and the Wilcoxon Signed-Rank test reports no significant differences amongst the three
scenarios. The loss frame revealed slightly larger differences between the scenarios, with the
gap between the scenarios involving animals’ lives and human lives being the largest, a
difference that is found to be significant at the 5% level. The scenario involving human health
was somewhere in between the other two, and thereby not significantly different from either
one, although being close to significantly different from the scenario involving human lives.
In sum, the lack of perfect correlation amongst the scenarios and the relatively high
number of people giving different answers in each scenario indicated some differential
evaluation of each scenario. A graphical overview of cumulative switching points demonstrated
some slight gaps between the scenarios, but no significant gaps as confirmed by the Wilcoxon
Signed-Rank test. Accordingly, the results are not in line with hypothesis 3.
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4.3

Regression models

To obtain an enhanced insight into all the differences, and the effects of other widely used
moderators, the following section will provide and discuss the regression models. Table 9
presents the result when a person’s loss aversion is used as a predictor of their risk attitudes.
Table 9: OLS models with loss aversion as a predictor of risk attitudes.
Gain
Cows
-0.403**
(0.197)

Loss
Cows
0.802***
(0.154)

Gain
Health
-0.561**
(0.230)

Loss
Health
0.843***
(0.195)

Gain
Lives
-0.375
(0.266)

Loss
Lives
0.733***
(0.178)

Age

0.0193
(0.0181)

0.00455
(0.0206)

0.0143
(0.0219)

0.0269
(0.0262)

0.0443*
(0.0245)

0.0280
(0.0238)

Gender

0.781*
(0.462)

0.0333
(0.468)

0.987*
(0.561)

-0.259
(0.594)

1.172*
(0.627)

-0.832
(0.540)

Education

0.464**
(0.218)

0.00379
(0.205)

0.110
(0.264)

-0.148
(0.260)

0.589*
(0.295)

0.0950
(0.236)

Employment

-0.376*
(0.210)

0.352
(0.243)

-0.219
(0.254)

0.431
(0.308)

-0.525*
(0.284)

0.438
(0.280)

Openness

0.0602
(0.341)

0.0739
(0.363)

-0.311
(0.414)

-0.00631
(0.461)

0.416
(0.463)

0.491
(0.419)

Conscientiousness

0.280
(0.279)

-0.0283
(0.291)

-0.0744
(0.338)

-0.396
(0.370)

-0.466
(0.378)

-0.276
(0.336)

Extraversion

0.0817
(0.235)

0.000685
(0.218)

-0.0571
(0.285)

0.535*
(0.277)

-0.122
(0.319)

0.216
(0.252)

Neuroticism

0.0280
(0.289)

-0.156
(0.270)

-0.404
(0.350)

0.545
(0.342)

-0.0587
(0.391)

0.308
(0.311)

Agreeableness

-0.630
(0.429)

0.590
(0.534)

-0.0703
(0.521)

0.349
(0.678)

-0.674
(0.582)

0.585
(0.616)

Foreign

-1.026*
(0.580)

0.918*
(0.546)

-0.104
(0.703)

1.792**
(0.693)

-1.556*
(0.786)

0.544
(0.630)

Happiness

0.0545
(0.224)

0.0872
(0.234)

0.131
(0.261)

0.281
(0.295)

-0.217
(0.302)

0.186
(0.269)

Observations
R2

63
0.289

63
0.421

63
0.214

63
0.413

63
0.267

63
0.391

Loss aversion

Standard errors in parentheses
*
p < 0.10, ** p < 0.05, *** p < 0.01
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As mentioned, hypothesis 2 anticipates that differences in risk attitudes between people
concerning the same decision can be explained by loss aversion. This is imaginable because the
decisions concerned mixed prospects framed in terms of pure gains or losses. Since respondents
were made aware of the objective mixed nature (i.e., that saving some meant killing others, and
vice versa) they may code particular payoffs as losses. Accordingly, Table 9 includes a person’s
loss aversion coefficient gathered from their switching point in the monetary mixed gamble as
a predictor of their risk attitudes in the scenarios involving pure gains or losses. The other
moderators are also included to control for the fact that risk attitudes may also differ because
of demographic features and/or personal characteristics.
As mentioned, due to the concavity of utility over gains and convexity of utility over
losses people are expected to be risk-averse over gains and risk-seeking over losses, where the
utility is steeper in the loss domain due to loss aversion. In the scenario involving the lives of
cows in the gain frame, a higher level of loss aversion has a moderate effect on a person’s risk
attitude, significant at the 10% level, where an increase of 1 in the loss aversion coefficient
results in them switching 0.35 rows earlier, which would be a difference of roughly 28 (~3.5%)
cows. This means that a higher level of loss aversion is associated with increased risk aversion
in the gain domain. Similarly, people are more risk-seeking over pure losses when their loss
aversion coefficient increases, significant at the 1% level. Here an increase of 1 in the loss
aversion coefficient results in them switching 0.79 rows later, a difference of roughly 63 (~8%)
cows. The other two scenarios exhibit similar patterns, the exception being the gain frame of
human lives scenario. Although it displayed a negative coefficient, higher levels of loss
aversion are not associated with more risk aversion.
Based on the findings, the results provide adequate evidence that it can be concluded
that loss aversion indeed appears to be an important predictor of risk attitudes in decisions that
are objectively mixed but framed in terms of pure gains or losses. It appears people mainly
perceive losses in the risky prospect in the gain frame, even if framed as a gain, resulting in a
stronger preference for the safe option, i.e., risk aversion. On the other hand, people may mostly
dislike the certain loss in the loss frame, perceiving that the risky prospect has a chance to save
everyone, thereby preferring the risky option and being more risk-seeking. As none of the other
moderators reveals any consistent significant effect, risk attitudes seemingly mainly differ due
to differences in loss aversion, in line with hypothesis 2. The results are robust to including a
person’s switching point in the money scenario instead of lambda, as well as combining all the
scenarios from the same frame, for which the results can be found in Appendix H.
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Next, Table 10 reports the findings when people’s switching points from one scenario
but both frames are combined, with a dummy indicating whether a switching point comes from
the loss frame.
Table 10: OLS models gains versus losses.
Risk Attitude
Animals’ lives
0.635**
(0.320)

Risk Attitude
Human Health
0.838**
(0.409)

Risk Attitude
Human Lives
1.126***
(0.405)

Loss aversion

0.203
(0.123)

0.157
(0.151)

0.195
(0.150)

Age in years

0.0207
(0.0147)

0.0297
(0.0179)

0.0419**
(0.0178)

Gender

0.590
(0.356)

0.610
(0.434)

0.452
(0.431)

Education

0.301*
(0.160)

-0.0590
(0.195)

0.356*
(0.194)

Employment status

-0.0813
(0.175)

0.0175
(0.213)

-0.120
(0.211)

Openness

0.0309
(0.247)

-0.136
(0.301)

0.474
(0.299)

Conscientiousness

0.204
(0.219)

-0.206
(0.266)

-0.355
(0.265)

Extraversion

0.116
(0.175)

0.253
(0.213)

0.0674
(0.211)

Happiness

0.071
(0.165)

0.144
(0.202)

-0.073
(0.200)

Neuroticism

-0.0393
(0.196)

-0.00861
(0.239)

0.132
(0.238)

Agreeableness

-0.384
(0.351)

0.102
(0.427)

-0.417
(0.424)

Foreign

-0.355
(0.416)
126
0.154

0.750
(0.507)
126
0.107

-0.711
(0.504)
126
0.192

Loss frame

Observations
R2
Standard errors in parentheses
*
p < 0.10, ** p < 0.05, *** p < 0.01
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What can be concluded from Table 10 is that people do switch later in the loss frame
than in the gain frame, even when controlling for individual characteristics, again confirming
the previously found results that people are more risk-seeking over losses than over gains. Loss
aversion is also included and is insignificant when the gain and loss frame are combined. This
is in line with expectations, as this indicates that preferences reversals are not merely the result
of different levels of loss aversion between the two groups. None of the other variables of
interest consistently reveal any interesting or significant effects.
Now that differences in risk attitudes have been explained – by themselves and
across frames – the next models revolve around the main hypothesis of this research, namely
whether risk attitudes differ between the three scenarios. Table 11, which is included on the
next page, presents the results. The first column includes the scenarios from the gain frame, and
comparable to the Wilcoxon Signed-Rank test unveils no significant differences in risk attitudes
between scenarios. Loss aversion is also included, which exhibits a negative significant effect
as in Table 9, which implies that people who are more loss-averse are also more risk-averse
over pure gains. It can therefore recurrently be concluded that although people exhibited vastly
different switching points across scenarios, no significant differences can be detected,
indicating that an increase in the moral burden of a decision context does not necessarily lead
to increased risk-seeking or risk aversion.
The second column includes the scenarios from the loss frame. Here, the differences
between the scenarios are moderately more distinct. People are more risk-seeking over human
health than animals, but this effect is not significant. People are more risk-seeking over human
lives than animals, with this effect being significant at the 5% level. When human health is used
as the reference category, people are also found to be more risk-seeking over human lives than
over human health, significant at the 1% level. This provides some indication that people may
be more risk-seeking over human lives than other, affect-poorer domains, especially when
framed in terms of losses. Stronger loss aversion is again found to correlate with increased riskseeking behaviour over losses.
The last column includes everything that has been discussed up until now: loss aversion,
the different frames as well as all the scenarios. The results remain robust to the previous
findings. In short, loss aversion is a robust predictor of risk attitudes, people are more riskseeking over losses than over gains, and arguably more risk-seeking over human lives than
other affect-poorer domains, although the latter effects are not convincing enough to accept
hypothesis 3 that an increase in the moral burden associated with a particular decision increases
a person’s risk-seeking behaviour.
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Table 11: OLS models different scenarios.
Risk Attitudes
Gain Frame
-0.0159
(0.346)

Risk Attitudes
Loss Frame
0.290
(0.301)

Risk Attitudes
G+L
-0.0159
(0.354)

Human Lives

-0.0476
(0.346)

0.703**
(0.301)

-0.0476
(0.354)

Age

0.0239*
(0.0125)

0.0200*
(0.0118)

0.0285***
(0.00949)

Education

0.265*
(0.145)

0.0260
(0.126)

0.158
(0.104)

Employment

-0.223
(0.141)

0.130
(0.140)

-0.0293
(0.111)

Openness

0.155
(0.232)

0.0103
(0.206)

0.0816
(0.163)

Conscientiousness

-0.217
(0.191)

-0.118
(0.174)

-0.163
(0.142)

Extraversion

-0.0705
(0.164)

0.222*
(0.138)

0.181
(0.116)

Neuroticism

0.179
(0.180)

0.068
(0.153)

0.086
(0.124)

Agreeableness

-0.444
(0.299)

0.138
(0.281)

-0.0531
(0.228)

Loss Aversion

-0.455***
(0.126)

0.446***
(0.0951)

0.195**
(0.0817)

0.001
(0.142)

0.222*
(0.130)

0.047
(0.108)

Human Health

Happiness

L - Human Health

0.699*
(0.361)

L – Human Lives

1.111***
(0.361)

L – Animals’ lives

0.810**
(0.361)
378
0.152

Observations
R2

189
0.169

Standard errors in parentheses (* p < 0.10, ** p < 0.05, *** p < 0.01)

189
0.195
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5

Conclusion

This paper has added to a growing body of literature regarding risk attitudes and loss aversion
across decisions with differing stakes. Under prospect theory, people make decisions from a
reference point, receive convex utility over gains and concave utility over losses, and weigh
losses more heavily than gains. Firstly, this paper analysed whether this gain-loss asymmetry
exists similar to previous literature. Additionally, this paper analysed whether people’s risk
attitudes differ when the moral consequences resulting from a decision are arguably higher. The
argument offered is that when the moral consequences increase, a loss may be valued so
negatively that people will take more risks in an attempt to avoid that loss altogether, leading
to more risk-seeking behaviour regardless of how the decision is framed. Additionally, different
domains may trigger different emotional reactions to the decision problems. To obtain a
reasonably realistic scenario that is morally loaded, the currently ongoing Covid-19 crisis was
utilized, where vaccines are a heavily debated topic regarding potential side-effects that may
induce medical complications or even deaths.
To analyse differences across the gain and loss frame, as well as the different scenarios,
a Qualtrics survey was conducted through which 126 valid responses were gathered.
Respondents were faced with three scenarios with different moral stakes: animals’ lives, human
health, and human lives. They were offered two options: a binary mixed prospect, framed in
terms of pure gains or losses, and a degenerate prospect which varied in amounts. Respondents
were asked to indicate from which point onwards they preferred the degenerate prospect over
the mixed prospect, from which a person’s risk attitude is obtained. Switching at row 6 indicated
at least risk-neutrality; switching earlier indicated risk aversion and switching later indicated
risk-seeking. The survey also was divided into two groups: one group received all decisions
framed as gains, whereas the other group received all decisions framed as losses. A mixed
prospect involving money was also utilized to measure a person’s loss aversion.
When comparing the gain to the loss frame, the findings were in line with other literature
and expectations. For each scenario, people are predominantly risk-averse in the gain frame
(average switching row lower than 6), and risk-seeking in the loss frame (average switching
row higher than 6). For each scenario, the switching point differed significantly in the loss frame
compared to the gain frame as confirmed by the Wilcoxon Rank-Sum test, median test, and
regression models. It is also found that differences in loss aversion can explain differences in
risk attitudes between people regarding the same decision, which emphasizes that risk attitudes
may to a great extent be influenced by loss aversion, especially in decisions that are objectively

P a g e | 40
mixed but are, for instance, expressed in terms of pure gains or losses, which can lead to
respondents recoding certain payoffs Additionally, when the loss and gain frame were
combined and loss aversion was used as a predictor, the significance of the latter disappeared.
This indicates that differences in risk attitudes over gains and losses, here displayed by
comparing two separate groups, cannot be explained by differences in loss aversion between
the two groups. Instead, as prospect theory has indicated, it is due to the different shape of utility
in the two domains: convex over gains, and concave over losses. These results fit the idea that
people mostly dislike losses resulting from the risky prospect in the gain frame, and dislike
losses resulting from the safe option in the loss frame (De Martino, Camerer & Adolphs, 2010).
When comparing the different scenarios, the results are a little tougher to interpret. In
the gain frame, there prevails a lot of overlap between the switching points when these are
shown graphically. Although when simplified to the Asian disease problem there appear to be
considerable differences between the three attributes, these differences were found to be
insignificant by the Wilcoxon Signed-Rank test in the gain domain. As such, it cannot be
concluded that people are more risk-seeking over affect-rich, moral attributes. In the loss
domain, the differences between the three attributes were slightly clearer. Graphically, people
appeared to be more risk-seeking over human lives than over human health, and more riskseeking over human health than over animals’ lives. The Wilcoxon Signed-Rank test confirmed
that people are more risk-seeking over human lives than over animals’ lives, but no differences
amongst other pairs. In the regression models, people are found to be more risk-seeking over
human lives than over both human health and animals’ lives. This provides some insight that
people may be more risk-seeking over human lives than other, affect-poorer attributes, but does
not provide enough evidence in favour of the hypothesis that people become more risk-seeking
when the moral burden associated with a decision increases. To highlight the importance of
framing, risk attitudes in all scenarios significantly differed from each other when they were
compared across the gain and loss domain.8

8

Appendix I provides some additional results that compare risk attitudes cross-scenarios and frames.
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6

Discussion

The findings of this paper have some implications. Firstly, as widely acknowledged, reference
points matter, and human decision making can be greatly influenced by how a decision is
framed. Related to the Covid-19 crisis, anxiety among the population may be reduced by
positive framing (e.g. recovery rate) instead of the current, mostly negative framing, for
instance deaths (Koçaslan, 2020). The perception of risks also plays an important role in for
instance preventive behaviour (Chevallier, Hacquin & Mercier, 2021), and risk attitudes in
general (Dryhurst et al., 2020; Karasneh et al., 2021). Similarly, a person’s level of loss aversion
is found to significantly correlate with their risk attitudes, as people may still code certain
payoffs as losses that are framed as gains. This may also, to some extent, limit the effect of
framing if people perceive and evaluate those prospects as mixed.
The finding that people are somewhat more risk-seeking over human lives in the loss
domain has some policy implications. For instance, it may not be suitable to aggregate and
express human lives in terms of money when evaluating policies through cost and benefits
analyses (e.g. as Vicusi, 2010). This means that people may not be willing to accept a certain
loss of human lives as they are willing to accept a certain loss of other, affect-poorer attributes.
Whether this is preferable from a societal perspective remains debatable since this risk-seeking
behaviour can be considered a wealth-maximizing error, and may lead to decisions that are on
average suboptimal. Drawing implications regarding the attribute dependence of risk attitudes
is admittingly more strenuous given the results of this paper, which may to some extent be due
to underlying shortcomings that can be addressed by future research, discussed hereafter.
This paper also has some drawbacks. Firstly, the sample size was relatively low at 126,
which does make it questionable whether it is representative. Additionally, requiring
respondents to indicate their switching point to a safe option requires more cognitive
competence compared to the traditional Asian disease problem, which may harm the internal
validity. This is also evident from the number of people starting but not finishing the survey
(roughly 40%). Enhancing the precision of this research requires the determination of exact
certainty equivalents. Accordingly, future research should preferably attempt to boost the
precision given that the respondents can reasonably be expected to understand what is required
from them. It is not unlikely that due to the relatively large gaps between the certain options
(10%), switching points were similar across scenarios which may be different if s∈Z, and thus
that the insignificance of the results is simply due to excessive simplification, even though the
setup can be considered as more extensive than the traditional Asian disease problem.
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As mentioned, moral dilemma’s involving human lives are often criticized for a lack of
realism (Bauman et al., 2014). Although this research has sought to address this by utilizing a
currently relevant context, being the Covid-19 pandemic, such decisions are nonetheless
unlikely to be made by the respondents of this survey, which may harm the external validity.
Future research should therefore continue to align the decisions with respondent’s day-to-day
lives, by for instance relating decisions to product safety when the target audience consists of
engineers, where human health or lives are also at stake. Similarly, the lack of incentives in
artificial decision contexts may also limit the external validity as respondents may perceive the
lack of real consequences regarding their decisions. Nonetheless, such a drawback is arduous
to tackle when decisions involve attributes such as human health or even human lives, and this
may therefore even be preposterous to attempt.
Another drawback but an opportunity for future research to continue upon is the eliciting
of prospect theory components. Since respondents were only placed in a gain or loss frame, it
was not possible to observe within-subject variation to measure for instance actual loss aversion
in the scenarios involving animals, human health, and human lives; although differences in risk
attitudes may to a great extent be driven by loss aversion (Schmidt & Zank, 2004). Future
research should expand upon this by measuring a person’s loss aversion coefficient for
scenarios involving different levels of moral consequences, such as in this paper, to also analyse
whether loss aversion itself differs between varying morally loaded attributes. This idea is in
line with research that argues that loss aversion may be context-specific (Gal & Rucker, 2018).
Other research also finds that probability weighting differs in domains (Booij, van Praag & van
de Kuilen, 2009), attributes (Kemel and Paraschiv, 2018) and affect-richness of decisions
(Krawczyk, 2015). As such, research should also continue to analyse potential differences in
probability weighting, and prospect theory components in general, across domains and morally
loaded decision contexts in an attempt to enhance our understanding of context-specific
decision making.
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8

Appendix

8.1

Survey

(0) Practice question
You will be making 4 decisions where we interested in the point from which you prefer a safe
option over a risky option. The following example is purely instructional. As the following
table illustrates, you have 2 options:
Option 1 is always a risky option. Here, it has a 50% chance to gain you €100 and a 50% chance
to gain you €0.
Option 2 is always a safe option. Here, it pays you between €10 and €100 with increments of
€10. The question will always be: "Please indicate from which row onwards you prefer the safe
option over the risky option". Suppose that until row 4, you prefer the risky option, which
means you prefer the lottery over gaining €40 with certainty. From row 5 onwards, you prefer
the safe option: you prefer gaining €50 with certainty over the lottery. This means your
switching point is at €50 or row 5.
Your answer should be the corresponding row, therefore your answer is '5'. Please select the
answer '5' underneath the table.

Which of the following options has your preference?
Risky option

Safe option

50% chance to win

50% chance the win

100% chance to

the following amount:

the following amount:

win the following

Switch

Row #

amount:
100

0

10

1

100

0

20

2

100

0

30

3

100

0

40

4

100

0

50

5

100

0

60

6

100

0

70

7

100

0

80

8

100

0

90

9

100

0

100

10
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(1A) Loss aversion – Certain Gain
Suppose you have invested in a project. You can either keep the investment, which entails
some risk, or sell the investment for varying amounts. Specifically:
Option 1: You can keep the investment, which has a 75% chance to gain you €2000 and a
25% chance to lose you €1200.
Option 2: You can sell the investment, which gains you varying amounts between €200 and
€2000 with certainty.

Please indicate from which row onwards you prefer the safe option over the risky option.

Which of the following options has your preference?
Risky option

Safe option

75% chance to win

25% chance the lose

100% chance to

the following amount:

the following amount:

win the following

Switch

Row #

amount:
€2000

€1200

€200

1

€2000

€1200

€400

2

€2000

€1200

€600

3

€2000

€1200

€800

4

€2000

€1200

€1000

5

€2000

€1200

€1200

6

€2000

€1200

€1400

7

€2000

€1200

€1600

8

€2000

€1200

€1800

9

€2000

€1200

€2000

10
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(1B) Loss Aversion – Certain Loss
You have invested in a project that has a 75% chance to lose you €2000 and a 25% chance to
gain you €2000. Suppose you are faced with two options:

Option 1: You can keep the investment, which has a 75% chance to lose you €2000 and at 25%
chance to gain you €2000.
Option 2: You can buy yourself out of the investment, which will lose you between €200 and
€2000 with certainty.

Please indicate from which row onwards you prefer the certain loss over the risky option.

Which of the following options has your preference?
Risky option

Safe option

75% chance to lose

25% chance the lose

100% chance to

the following amount:

the following amount:

lose the following

Switch

Row #

amount:
€2000

€2000

€2000

1

€2000

€2000

€1800

2

€2000

€2000

€1600

3

€2000

€2000

€1400

4

€2000

€2000

€1200

5

€2000

€2000

€1000

6

€2000

€2000

€800

7

€2000

€2000

€600

8

€2000

€2000

€400

9

€2000

€2000

€200

10
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(2A) Human health scenario - Gain Frame
Suppose two vaccines against COVID-19 have been invented. Both vaccines can either protect
people or be ineffective, in which case the vaccine causes non-lethal but painful medical
complications. Nobody will die from either vaccine. You have to pick your preferred vaccine
for 900 people that are vulnerable to Covid-19. Your options are:

Option 1: The first vaccine has a 60% to protect everyone against Covid-19, and a 40% chance
to be ineffective against Covid-19 and cause non-lethal but painful medical complications.
Option 2: The second vaccine works 100% predictable; it protects between 90 and 900 people,
and is ineffective against Covid-19 and cause non-lethal but painful medical complications.

Please indicate from which row onwards you prefer the safe option over the risky option.

Which of the following options has your preference?
Risky option

Safe option

Switch

60% chance the

40% chance that the

100% chance the

following number of

following number of

following number

people are protected:

people are not

of people are

protected:

protected:

900

900

90

1

900

900

180

2

900

900

270

3

900

900

360

4

900

900

450

5

900

900

540

6

900

900

630

7

900

900

720

8

900

900

810

9

900

900

900

10

Row #
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(2B) Human health scenario – Loss Frame
Suppose two vaccines against COVID-19 have been invented. Both vaccines can either protect
people or be ineffective, in which case the vaccine causes non-lethal but painful medical
complications. Nobody will die from either vaccine. You have to pick your preferred vaccine
for 900 people that are vulnerable to Covid-19. Your options are:

Option 1: The first vaccine has a 60% to protect everyone against Covid-19 and a 40% chance
to be ineffective against Covid-19 and cause non-lethal but painful medical complications for
everyone.
Option 2: The second vaccine works 100% predictable; it protects between 90 and 900 people
against Covid-19, and is ineffective against Covid-19 and causes non-lethal but painful medical
complications for the rest.

Please indicate from which row onwards you prefer the safe option over the risky option.

Which of the following options has your preference?
Risky option

Safe option

Switch

60% chance the

40% chance that the

100% chance the

following number of

following number of

following number

people are not hurt:

people are hurt:

of people are hurt:

900

900

810

1

900

900

720

2

900

900

630

3

900

900

540

4

900

900

450

5

900

900

360

6

900

900

270

7

900

900

180

8

900

900

90

9

900

900

0

10

Row #
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(3A) Animals’ lives scenario – Gain Frame
Imagine 800 cows are infected with a fatal disease. There are two alternative methods to
tackle this problem, which are the following:

Option 1: Using the first method, there is a 60% chance to save all cows and a 40% chance
that no cows are saved.
Option 2: Using the second method, between 80 and 800 cows are saved with certainty while
the others die.

Please indicate from which row onwards you prefer the safe option over the risky option.

Which of the following options has your preference?
Risky option

Safe option

Switch

60% chance the

40% chance that the

100% chance the

following number of

following number of

following number

cows are saved:

cows are not saved:

of cows are saved:

800

800

80

1

800

800

160

2

800

800

240

3

800

800

320

4

800

800

400

5

800

800

480

6

800

800

560

7

800

800

640

8

800

800

720

9

800

800

800

10

Row #
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(3B) Animals’ lives scenario – Loss Frame
Imagine 800 cows are infected with a fatal disease. There are two alternative methods to tackle
this problem, which are the following:

Option 1: Using the first method, there is a 60% chance to no cows die and a 40% chance that
all cows die.
Option 2: Using the second method, between 0 and 720 cows die with certainty while the others
are saved.

Please indicate from which row onwards you prefer the safe option over the risky option.

Which of the following options has your preference?
Risky option

Safe option

Switch

60% chance the

40% chance that the

100% chance the

following number of

following number of

following number

cows do not die:

cows die:

of cows die:

800

800

720

1

800

800

640

2

800

800

560

3

800

800

480

4

800

800

400

5

800

800

320

6

800

800

240

7

800

800

160

8

800

800

80

9

800

800

0

10

Row #
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(4A) Human lives scenario – Gain Frame
Suppose two vaccines against Covid-19 have been invented, and you have to pick your
preferred vaccine for a community with 600 people that are likely to die if they were infected
by Covid-19. Your options are:

Option 1: The first vaccine has a 60% to save everyone and a 40% chance to save nobody.
Option 2: The second vaccine works 100% predictable; it saves between 60 and 600 people
but does not save the rest.

Please indicate from which row onwards you prefer the safe option over the risky option.

Which of the following options has your preference?
Risky option

Safe option

Switch

60% chance the

40% chance that the

100% chance the

following number of

following number of

following number

people are saved:

people are not saved:

of people are saved:

600

600

60

1

600

600

120

2

600

600

180

3

600

600

240

4

600

600

300

5

600

600

360

6

600

600

420

7

600

600

480

8

600

600

540

9

600

600

600

10

Row #
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(4B) Human lives scenario – Loss Frame
Suppose two vaccines against Covid-19 have been invented, and you have to pick your
preferred vaccine for a community with 600 people that are likely to die if they were infected
by Covid-19. Your options are:

Option 1: The first vaccine has a 60% to kill nobody and a 40% chance to kill everyone.
Option 2: The second vaccine works 100% predictable; it kills between 60 and 600 people and
does not kill the rest.

Please indicate from which row onwards you prefer the safe option over the risky option.

Which of the following options has your preference?
Risky option

Safe option

Switch

60% chance the

40% chance that the

100% chance the

following number of

following number of

following number

people do not die:

people die:

of people die:

600

600

540

1

600

600

480

2

600

600

420

3

600

600

360

4

600

600

300

5

600

600

240

6

600

600

180

7

600

600

120

8

600

600

60

9

600

600

0

10

Row #
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B

OCEAN Framework questions

1. Openness

2. Conscientiousness
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3. Extraversion

4. Agreeableness
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5. Neuroticism

C

Demographic questions

1. Age

2. Gender

P a g e | 60

3. Education

4. Mother tongue

P a g e | 61

5. Employment status

6. Self-assessed happiness
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8.2

Supplemental materials

D

Histograms of main variables
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E

Pairwise correlations control variables

Variables
(1) age
(2) sex
(3) education
(4) employment
(5) happiness
(6) openness
(7) conscientiousness
(8) agreeableness
(9) extraversion
(10) neuroticism
(11) lambda

(1)
1.000
-0.105
-0.277
0.648
0.201
-0.082
0.030
-0.050
-0.059
-0.175
-0.005

(2)

(3)

(4)

(5)

(6)

1.000
-0.039 1.000
-0.065 -0.398 1.000
-0.155 0.074 0.178 1.000
-0.020 0.185 -0.122 0.144 1.000
-0.033 0.199 0.027 0.067 0.154
0.170 0.187 -0.094 0.109 0.076
-0.087 0.225 -0.039 0.473 0.196
0.374 -0.065 -0.067 -0.278 -0.027
0.098 0.061 -0.070 -0.064 0.082

(7)

(8)

(9)

(10)

(11)

1.000
0.220 1.000
0.243 0.100 1.000
0.151 0.321 -0.239
0.001 -0.154 -0.137

1.000
0.092

1.000

As can be seen, there are no apparent problems with multicollinearity, as the largest
correlation is 0.648 between age and employment. Here it is assumed that multicollinearity will
not pose a problem as long as the pairwise correlations are below 0.7. The relatively high
correlation between age and education makes sense because young respondents are mostly
students, whereas the older respondents are mostly employed. Interestingly, the correlation
between extraversion and happiness is relatively high (0.473), indicating that extravert people
self-assessed their happiness more optimistically. Finally, it appears women are more neurotic.
Other than that, there are no noteworthy correlations.
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F

Additional readings Wilcoxon tests

The Wilcoxon Rank-Sum test tests whether an observation X (e.g. risk attitude in the low
morality frame) is equally likely to be larger than Y (e.g. risk attitude in the high morality frame)
as Y is likely to be larger than X. If this null hypothesis is rejected, this means that people are
significantly more/less risk-seeking in the high morality scenario compared to the low morality
scenario. It tests the following hypotheses:
H0: The distributions of both populations are equal.
HA: The distributions of both populations are not equal.
Data are ranked without paying attention to which group they belong, which yields the
following test statistic, which is simple the sum of the ranks for the observations that belong to
the first group:
𝑁1

𝑇 = ∑ R1𝑖
𝑖=1

|𝑇| > 𝑇𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

Where we reject H0 if

The Wilcoxon Signed-Rank test is rather similar to the Wilcoxon Rank-Sum test, as it
tests the following set of hypotheses:
H0: Differences between pairs follow a systematic distribution around zero.
HA: Differences between pairs do not follow a systematic distribution around zero.
The test compares pairs of observations from the different scenarios (i.e. X2,i – X1,i) and
empirically tests whether the differences between these differences are distributed around zero
or not. To do so, it collects the sign functions (if X2,i > X1,i it is 1 and if X2,i < X1,i it is -1) and
ranks (Ri) the absolute differences from the smallest difference to the highest. It then takes the
sum of the signed ranks to get the test statistic which is compared against the critical values. In
mathematical term, the test statistic can be expressed as follows:
𝑁𝑟

𝑊 = ∑[𝑠𝑔𝑛(𝑥2𝑖 − 𝑥1𝑖 ) × 𝑅𝑖 ]
𝑖=1

Where we reject H0 if

|𝑊| > 𝑊𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙,𝑁𝑟
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G

Cumulative switching points in gain and loss frame

No. of people who switched.

Switching points in scenario involving animals

Switching point (Row #).

No. of people who switched.

Switching points in scenario involving human health

Switching point (Row #).
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Loss aversion as predictor of risk attitudes9

Combined scenarios
Risk Attitude
Gain Frame
-0.359***
(0.126)
189
0.185

Loss Aversion
Observations
R2

Risk Attitude
Loss Frame
0.770***
(0.0968)
189
0.367

Standard errors in parentheses
*
p < 0.10, ** p < 0.05, *** p < 0.01

Switching point instead of lambda
Risk Attitude
Gain - Cows

Switching Point
Gain Money

0.268**
(0.131)

Risk Attitude Risk Attitude
Gain - Health Loss - Health

0.373**
(0.153)
0.534***
(0.103)

Switching Point
Loss Money
Observations
R2

Risk Attitude
Loss - Cows

63
0.244

63
0.397

Risk Attitude
Gain - Lives

Risk Attitude
Loss - Lives

0.250
(0.178)
0.562***
(0.130)

63
0.223

63
0.391

0.488***
(0.118)
63
0.222

Standard errors in parentheses
*
p < 0.10, ** p < 0.05, *** p < 0.01

9

All models displayed here include the moderators that were also included in the main text, but only the main
effects are included for illustration purposes.

63
0.366
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Cross-scenarios and frames

We can also compare scenarios across frames. Since this involves comparing risk attitudes from
the gain frame to risk attitudes in the loss frame, this requires the Wilcoxon Rank-Sum test
which assumed that observations are independent; whereas the Wilcoxon Signed-Rank test
assumed paired data. Based on the sample descriptive statistics (Table 1), people are most riskseeking over animals’ lives in the gain frame (although on average still risk-averse, as the mean
is lower than 6). On the other hand, people are most risk-averse over human health in the loss
frame (although on average still risk-seeking, as the mean is higher than 6). When empirically
testing the observations from these two scenarios and frames, the Wilcoxon Rank-Sum test
reports a p-value of 0.0039, which is therefore significant at the 1% level. As such, we can
gather that people are more risk-seeking over human health in the loss domain than over
animals’ lives in the gain domain. As these two means were closest, it can be expected that
comparing the other scenarios across frames will also yield significant results. The following
Table reports the p-values when scenarios are compared across frames:

*

L - Animals

L - Health

L - Lives

G - Animals

0.0064***

0.0039***

0.0002***

G - Health

0.0054***

0.0065***

0.0006***

G - Lives

0.0147**

0.0257**

0.0027***

p < 0.1, ** p < 0.05, *** p < 0.01
This reveals that when comparing the scenarios from the gain frame with the scenarios

from the loss frame, we consistently find differences significant at least at the 5% level, and
mostly at the 1% level. In short, the Wilcoxon Rank-Sum tests initially indicated people are
significantly more risk-seeking over losses than over gains; and afterwards, the Wilcoxon
Signed-Rank tests indicated somewhat that people are significantly more risk-seeking when the
stakes of a decision increase (mostly human lives in the loss frame). Yet when decisions are
compared cross-scenarios and frames, people are found to be more risk-seeking over any
attribute in the loss frame compared to any attribute in the gain frame. This indicates that
although risk attitudes apparently differ somewhat depending on what is at stake, these
differences can to a very large degree be attributed to whether something is seen as a gain or a
loss, and these differences can even depend on this reference point. This highlights the
enormous importance for policymakers to consider how decision contexts are framed.

