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Abstract

The lottery equivalence method is seen as an option to measure the value of health states under risk.
However, previous research has shown that the method is internally inconsistent when chaining to
the failure outcome. The normal format of the lottery equivalence method uses death as worst
health state in their prospects. Values generated via this method are called ‘basic reference values’.
Another format of the method replaces death by another health state. Utility values generated
through this format are called ‘chained to the failure values’. These values generally exceed ‘basic
reference values’. Internal inconsistency is a problem, because it is unclear which format produces
the correct utility value. This paper aims to improve previous research on several aspects in order to
test whether internal inconsistency is present and what the possible cause of this internal
inconsistency could be. The first improvement entails that a choice-based procedure will be used
instead of a matching-based procedure in order to elicit utility values. Secondly, the probabilities of
the gamble one of the gambles in the lottery equivalence method set at 0.5 for both health states
present in that gamble instead of a probability of 0.9 for one health state of occurring and 0.1 for the
other. Thirdly, health states are included in the survey instead of life years. Lastly, prospect theory is
applied with the values of Tversky & Kahneman in order to possibly improve internal consistency of
the method. In this study, under both expected utility as well as prospect theory with a fixed
reference point for all participants and values of Tversky & Kahneman, the method has been found
internally inconsistent, with ‘chained to the failure values’ exceeding ‘basic reference values’. These
findings are in line with previous research on this subject. Although prospect theory as applied in this
research has shown that the lottery equivalence method is internally inconsistent, the role of this
theory in explaining people’s responses of the lottery equivalence method remains unknown, as
application of this theory could explain people’s behaviour in relation to this method when it is
sophisticated further. First, it is possible to measure loss aversion and probability weighting at the
individual level instead of using the parameters of Tversky & Kahneman. Second, a reference point
can be induced or measured at the individual level.



List of abbreviations

In this study, a set of abbreviations will be used repeatedly, hereby an overview.

Abbreviation Meaning

EU Expected utility

EUT Expected utility theory

HSU Health state utility

LE Lottery equivalence method

PT Prospect Theory

SG Standard Gamble

PLE Probability lottery equivalence method

RP Reference point



1. Introduction

Healthcare resources are scarce, and in order to optimally distribute the available resources within
the healthcare system, important trade-offs have to be made. Cost-effectiveness analysis is a rational
manner on which to base these trade-offs on (Kim & Basu, 2021). One of the important inputs in
those cost-effectiveness models, are health state utilities (HSU), which denote the value of living in a
certain health state for one year in a cardinal manner (Brazier et al., 2019).

One method that is often used to measure the value of a health state is the Standard Gamble (SG). In
the most common format of this method, a participant is asked to evaluate a choice between two life
scenario’s. In the first scenario, the individual will live the rest of his life with a health problem. In the
second scenario, the risky alternative, the individual has p% chance to live the rest of his life in full
health and 1-p% chance to die. The individual has to identify the value (probability) ‘p’ for which he is
indifferent between both scenario’s. With this probability, the utility of the health problem can be
calculated (Salomon, 2014). The SG is often seen as the best approach in measuring health state
utilities, because medical decision making often occurs under risk, which is something the SG
accounts for (Brazier & Ratcliffe, 2017).

The behavioural theory through which the answers on the Standard Gamble are commonly analysed,
is expected utility theory (EUT). The reason for using this method lies in the fact that EUT is the
dominant normative decision theory under risk (Brazier & Ratcliffe, 2017). The expected utility (EU)
of a scenario is calculated by summing the utilities of the different possible health statesin a
scenario, after they have been multiplied by their probability (ranging from 0-1) of occurring (Brazier
& Ratcliffe, 2017). Indifference between two scenarios is reached when their EU is equal. Since the
utility of the health problem is the only unknown factor in the SG (utility of death and full health are
scaled at 0 and 1 respectively), its utility can be calculated. However, utilities elicited in the SG under
EUT have been found to be descriptively inaccurate (Bleichrodt, 2002). This descriptive inaccuracy of
EUT results in inconsistencies in utility measurements. The method is externally inconsistent under
EUT, which means that other utility elicitation methods show different utilities for the same health
state under EUT (Bleichrodt et al., 2007). Moreover, the method is internally inconsistent when
chaining to the failure outcome. The normal format of standard gamble uses death as worst health
state in their risky prospect. Utility values generated via this method are called ‘basic reference
values’. Another format of the method replaces death by another health state. Utility values
generated through this format are called ‘chained to the failure values’. These values generally
exceed ‘basic reference values’. Internal inconsistency is a problem, because it is unclear which
format produces the correct utility value (Oliver, 2004). Incorrect utility estimates lead to biased
resource allocation and subsequent worse societal health (Bleichrodt, 2002).

in order to eliminate the inconsistencies resulting from the inaccuracy of EUT in describing people’s
behaviour, scholars have applied Prospect Theory (PT) to analyse answers of the SG (Bleichrodt et al.,
2001; Bleichrodt et al., 2007; Oliver, 2003). PT is seen as a better descriptive theory of behaviour
under risk than EUT. First, the theory considers that people weight same sized losses more heavily
than same sized gains. Besides this, it considers that people weight probabilities instead of evaluating
them linearly (Kahneman & Tversky, 1979). Applications of PT alleviated external inconsistencies
between methods but could not alleviate internal consistency of the SG when chaining to the failure
outcome (Bleichrodt et al., 2001; Bleichrodt et al., 2007; Oliver, 2003). In other words, the SG
method is internally inconsistent when chaining to the failure outcome under both PT and EUT. This
implies that no accurate utility measurements can be generated with the SG.



A plausible reason for the internal inconsistency seen in the SG is the so called ‘certainty effect’
(Kahneman & Tversky, 1979; Oliver, 2004). This effect implies that people overvalue certain
outcomes compared to uncertain outcomes, which creates an upward bias of SG utilities (Bleichrodt,
2002). Although this effect could in theory be eliminated by application of PT, which accounts for the
fact that people overvalue the certain outcome by correcting for loss aversion, using the standard
inputs for the PT formula found by Tversky & Kahneman (1992), has not been proven to be
appropriate (Oliver, 2004).

Another method involving a component of risk that can be used to measure the value of health
states is the lottery equivalence method (LE). The main difference of the LE compared to the SG
entails the fact that a risky life scenario is substituted for the certain life scenario. This implies that
the LE is a risk-risk method of eliciting health state utilities and the SG is a risk-riskless method
(McCord & De Neufville, 1986). Since there is no possibility for a certainty effect in the LE, this
method is seen as an alternative to the SG where internal consistency may hold, either under EUT or
PT with the parameters of Tversky & Kahneman (1992).

Previous research (Oliver, 2005) on the internal consistency of the LE, possesses a couple of flaws
and deficiencies that this study aims to solve. First, previous research calculated utility based of life
duration. The main aim of health state valuation methods is to calculate the value of life for an
individual as a consequence of life duration and his health status (i.e. the severity of a health state),
so it may be useful to measure the internal consistency of the LE when health status is used. In other
words, Secondly, the procedure that was used to elicit the utility in the previous study (Oliver, 2005)
is a matching-based procedure. This procedure is seen as inferior to a choice-based procedure in
measuring health state utilities (Attema & Brouwer, 2013; Bostic et al., 1990). Thirdly, in the lottery
equivalence method, a participant is faced with a choice between two gambles, each with two health
states. In one of those gambles the probability of occurrence of each health state is fixed beforehand
by the researcher. Previous research (Oliver, 2005) fixed the probability of occurrence at 0.9 for the
best health state in that gamble, and 0.1 for the worst health state in that gamble. The probability of
occurrence for the best health state in this gamble is called ‘q’, and for the worst health state it is
called ‘1-q’. Note that since there are only two health states in the gamble, ‘q’ + ‘1-q" must equal 1.
However, there is a risk that the probability of occurrence for a health state of 0.9 influences
participants’ perception of the task. Namely, this gamble could be interpreted as a certain outcome
for the health state with 0.9 probability of occurrence (Oliver, 2005). Lastly, the study only corrected
for loss aversion and not for probability weighting, thereby forgoing the chance to improve internal
consistency by applying prospect theory with the available values of Tversky & Kahneman (1992).

This research will address each these flaws separately. First, calculation of utilities will be based on
health status instead of life duration. Secondly, a choice-based based procedure will be used instead
of a matching procedure in this research in order to elicit utility values. Thirdly, ‘q’ is set equal to 0.5.
Last of all, besides EUT, PT will be used to analyse the answers with the parameters found by Tversky
& Kahneman (1992).

Previous research (Oliver, 2004; Oliver, 2005) testing the internal consistency of the SG and LE has
shown internal consistency to be a much greater problem when chaining to the failure outcome than
when chaining to the success outcome, therefore this research will focus just on internal consistency
related to chaining to the failure outcome. Considering the improvements that must be made in
relation to the previous research, our main research question will be the following:

Is the lottery equivalence method internally consistent when chaining to the failure outcome, when
probability ‘q” is equal to 0.5 and health states are expressed in terms of severity?



Our secondary research aim is to assess the extent of the presence of loss aversion and probability
weighting that exists in people’s responses to the LE questions. It is beyond the scope of this research
to measure the degree of loss aversion and probability weighting for everyone separately and to test
whether internal consistency of the LE improves when applying the individual level parameters. It is,
however, possible, to apply PT with the predetermined values of Tversky & Kahneman, and to
investigate whether the internal consistency of the method improves substantially compared to
analysing answers under EUT. If internal consistency significantly improves under PT, this indicates
that loss aversion and probability weighting affect the answers to LE questions. Our secondary
research aim will therefore be the following:

Are utility estimates obtained by the lottery equivalence method biased due to loss aversion and
probability weighting?

The paper will be structured as follows. In chapter 2, the current evidence surrounding the internal
consistency of the LE will be discussed more deeply. Besides this, the structure of the LE will be
outlined, and it will be explained how PT and EUT can be used to analyse answers of participants on
the LE. In chapter 3, the form of the survey will be outlined. Moreover, the sample selection process,
exclusion criteria, and the statistical methods used will be explained. In chapter 4, the results will be
shown and explained, and the data quality will be discussed. Chapter 5 concludes.

2. Theoretical framework

2.1. Current Research

The SG, the gold standard for utility elicitation under risk, suffers from many problems when
analysed through EUT, such as probability weighting, loss aversion, scale compatibility, that bias the
results of this elicitation procedure (Bleichtrodt, 2002). These biases explain a part of the internal
inconsistency found in the SG (Oliver, 2003). Inconsistencies of the SG found under EUT, can partly
be solved through application of PT, because this method accounts for probability weighting and loss
aversion. For example, Bleichrodt et al. (2001) found that differences between elicitation methods,
including 2 forms of the standard gamble, were removed when applying prospect theory which
included the parameters proposed in the article written by Tversky & Kahneman (1992). Moreover,
Oliver (2004) found that partial application of prospect theory, when only accounting for loss
aversion and not for probability weighting, improved the internal consistency of the standard gamble
substantially. Besides the fact that PT solves some problems related to the SG, the usage of the
general structure of prospect theory, including probability weighting and the estimation of
parameters by Tversky & Kahneman (1992), does not seem a reliable tool in eliminating the internal
inconsistency of the SG completely (Oliver, 2003).

If no internal consistency is found in the LE under EUT, PT is applied with different reference points
(RP). RP is a fundamental concept of PT that will be discussed in more detail later in this chapter.
Shortly elaborating, outcomes better than the RP are evaluated as gains and outcomes worse than
that reference point are evaluated as losses (Kahneman & Tversky, 1979). First, when application of
PT to the answers of the LE substantially increases internal consistency, it is likely that the
combination of probability weighting and loss aversion is present as a bias in the LE method. Besides
this, it is unknown which reference point people assume in relation to the LE method, whereas it is
clear in the SG (Bleichrodt et al., 2007). If the LE is internally consistent when a particular RP is
assumed for all individuals when applying PT, this gives insight into which RP is used by people in
response to answering LE questions. Lastly, if application of PT, with the original parameters
proposed by Tversky & Kahneman (1992), reduces internal consistency of the PLE substantially, it



gives support for the idea that PT in this format may be applicable to reduce biases created by the LE
in general.

2.2. Lottery equivalence method

The main model of our research, on which the questionnaire and the results will be based, is the
probability lottery equivalence method (PLE). The main structure of the PLE is shown in figure 1. The
goal of the PLE is to elicit the health state utility value of X,. X;, X;, X3 are all different pregiven
health states, with the preference ordering X; > X, > X3, which entails that X; is preferred to X,
which is preferred to X5 (Bleichrodt, 2002; Oliver, 2005). Furthermore, the probability ‘q” is fixed by
the researchers and thereby also the probability ‘1-q’, where ‘g’ can range from 0-1, as it is a
probability. ‘A’ and ‘B’ are the two different treatments in the PLE. The question that is asked to the
respondent is to give the probability ‘p’, ranging from 0-1, for which he/she would be indifferent
between treatment A and B. In other words, the respondent should give the probability ‘p’ for which
she/he is indifferent between gamble (X, p; X53,1 — p) and gamble (X;, q; X3,1 — q) (Oliver, 2005).
The gamble in which the probabilities are being kept fixed (i.e. the gamble with probabilities ‘g’ and
‘1-g’) is called ‘the stimulus’ (Rodriguez-Miguez et al., 2019).

P 1
Qa
A L
1p | | X;
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q %,
B -
1 x
1-q ?

Figure 1. The main structure of the probability lottery equivalence method.

The main theory through which the outcomes of the PLE will be analysed is EUT, which is also the
theory used mostly in the literature in analysing outcomes of PLE (Law et al., 1998; Oliver, 2005;
Rodriguez-Miguez et al., 2019). In the context of the PLE, under EUT, expected utility of ‘treatment A’
should be equal to expected utility of ‘treatment B’, if one is indifferent between both treatments.
When denoting u(.) as the value function of the PLE, the utility value of X, can be determined by the
following formula when EUT is applied (Oliver, 2005) (see appendix 1 for derivation):



(1)

pU(X1) + (@ —p)U(X3)

U(X,) = q

It must be noted that the utility values of u(X;) and u(X3) are pregiven, so that the actual utility of
X, can be calculated. The common way a utility value of a health state can be elicited using the PLE is
through the basic probability lottery equivalence method. In this method, the state X5 is set equal to
death with a utility value of 0 and the state X; equal to full health with a utility value equal to 1.
Utility values generated from this method, are called ‘basic reference (lottery equivalence) values’'.
Another way the utility value of a health state can be elicited is through a PLE chained to the failure
outcome. In this method, X5 is substituted by a health state that is more severe than X, but less
severe than the health state death. The utility value of this health state is ‘chained in’ from another
basic probability lottery equivalence method (with death and full health present as X5 and X,
respectively), and with this chained in basic lottery equivalence reference value, a utility value of
health state X, can be generated. Utility values generated through this method, are called ‘chained
to failure values’. In similar vein, the PLE can also be chained to the success outcome. In this method,
X, is substituted by a health state worse than full health, but better than X,. Again, the utility value
of this health state is calculated in a basic probability lottery equivalence method, and therefore the
utility value of X, can be calculated. Utility values generated by this method are called ‘chained to
success values’ (Oliver, 2005).

2.3. Internal consistency lottery equivalence method

For the PLE to accurately measure cardinal utilities, the method ought to be internally consistent. In
simple terms, this means that the ‘basic reference values’ of any health state elicited through the PLE
do not systematically differ from either the ‘chained to failure values’ or the ‘chained to success
values’ of that health state. Internal inconsistency occurs when this systematic difference does
occur. The presence of internal consistency in a utility valuation method is crucial, as inconsistency
casts doubt about which elicited utility value represents the preferences of the person filling in the
questionnaire (Oliver, 2005).

In order to elaborate the point of internal inconsistency, the steps associated with obtaining a
chained to failure value for a health state with the PLE under EUT will be outlined below, as well as
the way to obtain the basic reference value for this health state with the PLE under EUT. Then, it will
be specified which condition has to hold for the PLE to be internally consistent when, in this case,
chaining to the failure outcome. It must be noted that the probabilities in the ‘stimuli’ (i.e., g and 1-q)
are equal throughout the following questions. Suppose an individual is asked a probability p, such
that he is indifferent between gamble (X1, p; X3,1 — p) and gamble (X,, q; X3,1 — q), where X; and
X5 are full health and death respectively and normalized to 1 and 0 respectively. X, is a predefined
health state better than death and worse than full health. Application of EUT and therefore formula

(1) tells us that the utility of health state X, will be equal to S. All In all, the basic reference value of

health state X, is elicited under the PLE and analysed through EUT.

Let’s consider another health state X,, whose value can be specified by the preference ordering X5 <
X, < X5. In similar vein, an individual is asked a probability, in this case ‘r’, for which he is indifferent
between gamble (X;,7; X5, 1 —r) and gamble (X4, ¢; X5, 1 — q). Application of EUT and formula (1)
tell us that the utility of X, is equal to 5.



With the results of the previous basic reference PLE of health state X,, the utility value of this health
state is known, and therefore the chained to failure value of health state X, can be calculated. The
person is asked to give a probability, in this case ‘Z’, for which he is indifferent between gamble
(X1,2; X4, 1 — z) and gamble (X;, q; X4, 1 — q). If the utility generated by this question (when
chaining to the failure outcome) is different than in the basic reference PLE of health state X,, then
the PLE is internally inconsistent. For internal consistency, probability ‘2’ should be equal to:

(2)

p—r

7 =
7
q

(see appendix 2 for derivation).

2.4. Prospect Theory

It must be noted however, that EUT is not an accurate descriptive theory of decision making under
risk (Kahneman & Tversky, 1979). In order to account for violations of people’s behavior in relation
to expected utility, the authors propose another theory, termed prospect theory (PT), through which
to describe people’s behavior in response to risky choices. Even more than 30 years after the
publication of Kahneman & Tversky (1979), PT is still considered the best theory to describe
behaviour under risk in an experimental setting (Barberis, 2013).

PT transforms EUT regarding some key aspects. The first difference between PT and EUT entails the
idea that, in PT, people value changes in health or welfare rather than the absolute outcome, as is
posed by EUT. In PT, it is hypothesized that people choose a reference point (RP), and outcomes
better than that reference point are evaluated as gains and outcomes worse than that reference
point are evaluated as losses (Kahneman & Tversky, 1979). Although PT is seen as a good theory to
describe behaviour under risk, it is argued that it is very hard to determine what the reference point
of an individual actually is, which makes the use of this theory complex (Barberis, 2013). Secondly, in
PT, gains and losses are valued differently. More specifically, the disutility of experiencing a loss is
greater than the utility that is experienced of a same sized gain, to a degree that can’t be explained
by risk aversion under EUT alone (Kahneman & Tversky, 1979; Oliver, 2003). In other words, people
are ‘loss averse’. Thirdly, it is hypothesized that people are more impacted by a change in a gain or a
loss if its closer to the reference point rather than farther away from that point. In order words,
people exhibit decreased marginal sensitivity to gains and losses (Kahneman & Tversky, 1979). In
figure 2, the application of the previously mentioned aspects of PT is shown in a value function. The
reference point is the intersection between the y-axis and x-axis. Gains and losses are concave and
convex respectively, denoting decreased marginal sensitivity to gains and losses. The line denoting
the value for losses is steeper than the line denoting the value for gains implying loss aversion.
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Figure 2. General value function in prospect theory (Kahneman & Tversky, 1979).

Lastly, PT, in contrast to EUT, accounts for the observation that people weight probabilities
differently than their actual value (Kahneman & Tversky, 1979). It is often seen that people
overweight small probabilities and underweight large probabilities (Bleichrodt, 2001). For example, if
something has an objective chance of occurrence of 1%, overweighting of small probabilities implies
that people place a higher weight on the occurrence of the outcome than 1%. They value it more
than the value of the objective probability would suggest. The way this is operationalized in PT is that
all probabilities in the formulas of PT are substituted by decision weights, which depend on the
objective probability (Kahneman & Tversky, 1979). In figure 3, the common way probabilities are
transformed into decision weights by people can be seen, where low probabilities are overweighted,
and high probabilities are underweighted.

wp)

035[-------n s

0.35

Probability

Figure 3. This figure shows the common probability weighting function, which shows how the probability
weight (w(p)) is dependent on probability (Bleichrodt, 2002).

The general concept of PT can also be applied to the PLE. First, the probabilities that are present in
the PLE must be weighted. This is done according to a probability weighting function proposed by
Tversky & Kahneman (1992):

(3)
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This function follows roughly the same shape as in figure 3. It must be noted that Tversky &
Kahneman (1992) found different values for 'y’ for both losses and gains. y* = 0.61 for gains, and
y~ = 0.69 for losses, a study done by Bleichrodt & Pinto (2000) found roughly equal values for
y*Tand y~ in the field of health. The weighting function for gains is denoted as ‘w ™ (p)’ and for losses
as ‘w™(p)’. Secondly, in order to account for loss aversion in PT, a loss aversion parameter ‘A’ is used
which, denotes the relative value an individual places on a loss compared to an equally sized gain
(Tversky & Kahneman, 1992). A value of A = 2.25 was found by Tversky & Kahneman (1992).

w(p) =

In order to calculate utility values of the PLE under PT, a formula is needed to calculate the value of
each gamble under PT. those formulas have been formulated by Bleichrodt et al. (2007) for gambles
where only gains are present, only losses are present and where both gains and losses are present.
After an individual has stated their indifference probability in the PLE, the value of health state X,
can be found by equalizing the values of both gambles of the PLE. Solving for different reference
points, the value of health state X, is characterized by the following calculations under prospect
theory (see appendix 3 for an elaborate explanation):

(4)

wt()+UX)(wt (@) -w* ()
wt(q)

For reference point worst health state (X3) (i.e. only gains): U(X;) =

(5)

1-w™(1-p)+UX3)(w~ (1-p)—w~(1-q))

For reference point full health (X;) (i.e. only losses): U(X,) = o ()

(6)

For reference point intermediate health state (X;) (i.e. both gains and losses): U(X,) =
W) +U(X3)(Aw~ (1-p)-Aw~(1-q))
w*(P)+ A(w~(1-p)-w~(1-q))

The reason that three different formulas are used, is because it is unclear what the reference point of
the respondents is. Reference points can, for example be, the current health state of an individual
(Feeny & Eng, 2005) or the health state that is certain, when for example "q” in the PLE is equal to 1
(Oliver, 2003). The RP could also be the worst outcome (Bleichrodt et al., 2001), the most salient
outcome (Oliver, 2005), or the best outcome (Van Osch et al., 2006). All in all, the RP is something
specific to an individual. Although not all possible reference points can be explored in this study, the
formulas applied cover a significant portion of them.

3. Research method

3.1. Respondents

Due to time and budget constraints, the total amount of respondents is relatively low. Moreover,
convenience sampling was used to acquire participants (Stratton, 2021). Both factors limit the
external validity of the study. Therefore, the research is exploratory in nature (Swedberg, 2020). The
participants are recruited via two pathways. 37 participants in this study are drawn from the
personal network of the researcher of this paper. An additional 39 participants were recruited via

12



prolific.co, a website used by many scholars to acquire data. People in the personal network
completed the study for free, whereas respondents recruited via prolific were gifted $2,50 upon
completion of the survey. Prolific.co considers this reward to be very high given the fact that the
survey is not too long, thus respondents were properly incentivized to take the survey seriously. By
the researcher, a preselection criterium is applied to the respondents of Prolific which states that
they must have completed a university degree. Although one may argue that such a criterium
introduces selection bias, such a risk is outweighed by the fact that people who are, on average,
smarter, should have a significantly higher chance to successfully fill out the survey because their
understanding of the questions has a higher chance to be accurate.

3.2. Questionnaire

The questionnaire that will be filled in by the participants consists of three PLE questions: two basic
reference PLE questions and one chained to the failure outcome PLE question. The questions are
kept at a minimum, because a first pilot showed that a longer questionnaire was not feasible.

In this questionnaire, four health states need to be included to test the internal consistency of the
method. An often-used method to describe health states s the EQ-5D-5L descriptive system
(Versteegh et al., 2016). This system describes health states across the following 5 dimensions:
mobility, self-care, usual activities, pain/discomfort, anxiety/depression. Those five dimensions all
contain five levels of severity. A health state is constructed by choosing a level on each dimension,
where ‘1" is used to denote the best outcome on a dimension and ‘5’ is used to denote the worst
outcome on a dimension. See appendix 4 for a more elaborate description of the levels of each
dimension of the EQ-5D-5L descriptive system. Because the EQ-5D is a widely used tool to describe
health states in health economics research, description of health states in this research will be based
on the EQ-5D-5L (Versteegh et al., 2016).

In order to generate one chained to the failure outcome PLE value, two health states located in terms
of preference, between death and full health, need to be generated. In order to generate valid
conclusions about the internal consistency of the PLE method, the health states chosen need to
satisfy four different conditions. First of all, health states that are valued closely to full health should
be excluded. Namely, there is support for the fact that people do not want to increase their
probability of dying in order to alleviate a health state that is very close to full health (Jones-Lee et
al., 1995). Therefore, methods such as the PLE, a method in which the basic reference values are
calculated whilst the probability of dying plays a pivotal role, may not be sensitive enough to
calculate utility values for health states close to full health (Oliver, 2005). If those minor health states
are used in the analysis regarding internal consistency, an outcome signifying internal inconstancy
may be caused by insensitivity of the PLE regarding the assessment of the value of minor health
states and not due to a fundamental problem with the method overall. Second, health states
included in this research should not have a high chance to be valued worse than death by
respondents, as the PLE in the current format does not allow health states to be valued worse than
death. The third characteristic entails that there should be a clear preference relationship between
the health states (i.e. which one is preferred to which). If it is not clear beforehand what the
preference relationship between the health states is, it is impossible to assess how the chained to
the failure values have to be generated. Due to the fact that the health states are defined as a set of
levels across five different dimensions, lowering a level on one dimension (i.e. making that dimension
better in terms of health) must imply that people prefer the changed health state, if it is assumed
that people prefer more health, which is a reasonable assumption given classical microeconomic
theory (Varian, 2010). Lastly, the health states should be relatively easy to interpret by the
participants. PLE questions are hard to answer, therefore it is preferred to include health states in
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the questionnaire that only deviate from the health state full health on one or two dimensions
according to the EQ-5D-5L rating system. Two health states that satisfy the conditions required are
the health states ‘41111’ and ‘41113’ (Versteegh et al., 2016). The health states will be further
elaborated in appendix 5.

Another important aspect of the questionnaire is to determine the probability ‘q” of the stimulus
gamble (see figure 1). Previous research on the internal consistency used a ‘q’ of 0.9 (Oliver, 2005).
Using such a high probability is very risky, because the PLE has a high probability to be interpreted as
a standard gamble (Oliver, 2005). In order to account for this problem, q is lowered to 0.5 in this
research.

There are two general methods that can be used to elicit answers of the participants on the
guestions in the PLE. First of all, a matching task can be used, where the participant has to give a
probability ‘p’ for which he would be indifferent between both gambles in the PLE (Attema &
Brouwer, 2013). Another method is a choice task, in which an individual faces a series of choices
where the value of ‘p’ varies and in each choice the participant must choose which gamble is
preferred (Attema & Brouwer, 2013). After repeated choices for different values of ‘p’, an
indifference value of the probability is elicited. Since matching-based procedures have been found to
be less consistent than choice-based procedures, a choice-based procedure will be used (Attema &
Brouwer, 2013; Bostic et al., 1990).

One such a choice-based elicitation procedure is the choice list methodology. This choice-based
procedure has already been used to elicit preferences of health states (Attema et al., 2020; Arrieta et
al., 2017). In this method, participants are faced with choices between two gambles. Based on a PLE
structure of figure 1, the participant repeatedly must choose if he either prefers alternative A
"(X1,p; X3,1 —p)' oralternative B ‘(X5, q; X5, 1 — q)’. Every variable is fixed throughout the
questions except for the value of ‘p’, which starts at 0 (0%) for the first question and with increments
of 0.1 (10%), ends at 0.5 (50%) for the last question. At a certain probability for p, the participant will
shift his preference for alternative B to alternative A, e.g. when p goes from 20% to 30%. This implies
that his indifference probability p of both gambles is somewhere between 20% and 30%. In order to
figure out his exact indifference probability, a second choice list is presented to the participant. In
the choice list for this participant, the conditions are similar, except for the fact that ‘p’ now starts at
0.2 and ends at 0.3, and the increments for ‘p’ are 0.02 (2%). In between two probabilities ‘p’, where
the participant switches, lies the indifference probability (Attema et al., 2020). See appendix 6 for an
example of such a procedure. The different elicitation questions that will be asked in the
guestionnaire will be randomized for each participant, to alleviate possible ordering effects, which
entails that the order in which questions are answered may influence their result (Strack, 1992). The
link to the full survey can be found in appendix 7.

3.3. Sample exclusion criteria

Respondents will be excluded from the dataset based on whether they pass four different tests. All
those tests assume that people prefer more health to less health, which is a reasonable assumption
based on microeconomic theory (Varian, 2010).

The first test consists of checking the final answers on the basic reference PLE questions of both
health state A and B (see appendix 5). If the indifference probability ‘p’ of the basic reference PLE
guestion for B is higher than for A, this implies that the individual prefers health state B to health
state A, which is not logical and highly likely does not represent the individual’s true preferences but
indicates that the individual did not understand the question.
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The second test consists of checking whether respondents ‘switch back’ in the choice list. As ‘p’ of
alternative A lowers throughout the choice list, alternative B becomes relatively more attractive. If
the participant chooses to switch to alternative B at one point in the choice list, it is not logical for
him to move back to alternative A as ‘p’ lowers, because alternative A gets relatively less attractive
when this happens. Therefore, when a participant ‘switches back’ in the choice list question, he gets
removed from the questionnaire. See appendix 8 of an example of a participant who switches back.

The third test consist of checking whether a participant prefers gamble (X,, p; X5,1 — p) to gamble
(X1,p; X3, 1 — p) when health state X; is better than X,, which is also illogical based on the
monotonicity assumption for health. Moreover, a fourth test is concluded to check whether a
respondent preferred gamble (X, 0; X5, 1) to gamble (X,, 0.5; X3,0.5), when X, is better than X3,
thereby violating the monotonicity assumption of health.

3.4. Statistical analysis

Under EUT, one chained to failure value will be generated. This will happen for health state A. This
chained to failure value will be compared to its matching basic reference value, which is also
generated under EUT. Under PT, three chained to failure values will be generated, one for each
reference point. The reference points are the worst health state in a gamble 'X3’, the intermediate
health state in a gamble ‘X, and full health 'X;’. Again, the chained to failure values will be
calculated for health state A. For the three reference points, the basic reference values of health
state A will also be calculated. Then, for each respective reference point, the basic reference values
will be compared to the chained to failure values.

In order to test if there is a significant difference between the respective chained and basic reference
values, a paired t-test will be used. The sampling distribution will very likely satisfy the normality
assumption, even if the population distribution is nonnormal, due to the central limit theorem (Ott &
Longnecker, 2015; Ross, 2020). If there is a significant difference between basic reference values and
chained to the failure values, internal consistency is not present for the specification that is used to
analyse the results. If the difference between the chained to failure values and the basic reference
values are much smaller for a particular RP under PT than under EUT, there is a strong indication for
the fact that loss aversion and probability weighting play a role in answering the PLE questions for
participants.

4. Results

4.1. Sample characteristics

In total, 76 responses were recorded for the survey. Of those 76 responses, 26 did not met the
criteria for usage in this research. 9 respondents were removed on the basis of the second exclusion
criterion test, which implied that they switched back during one of their questions. An additional 5
respondents were removed on the basis of exclusion criterium test 3, and 5 more for test 4.
Moreover, 7 respondents are removed from the survey because they violated test 1.

Table 1: Description of the samples.

Unrestricted sample (n=76) Restricted sample (n=50)
sex (male %) 44.00% 50.00 %
Average age, years 36.56 36.10
Recruited via prolific (%) 51.32% 52.00 %
Age distribution
18-29 53.33% 52.00 %
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30-44 14.67%
45-59 18.67%
60-71 13.33%
Level of education

Completed secondary school 4.00%
Followed some university 12.00%
Completed bachelor’s degree 60.00%
Completed a graduate or 24.00%

professional degree (MA, MS,
MBA, JD, MD, DDS etc.)

18.00 %
20.00 %
10.00 %

6.00 %

12.00 %
58.00 %
24.00 %

4.2. Main findings

In the research, three utility elicitation questions were answered by the participants. The basic
reference PLE for health state A, the basic reference PLE for health state B, and the chained PLE for
health state A through health state B. All the answers have been analysed through EUT and PT, for PT
with reference points the intermediate health state, full health and worst health state present in
their respective gamble. The formulas that are used to analyse the different answers are formula
‘(2), “(3)’, “(4)’, “(5) and ‘(6)’ as described in the theoretical framework. Mean utilities and their
respective standard deviation of the different PLE questions after application of the different
theories can be found in table 2. Median utilities and their respective range are shown in table 3.

Table 2: Mean and standard deviation of utilities elicited

Expected Prospect theory,  Prospect theory,  Prospect theory,
utility reference point reference point reference point
theory. full health. intermediate worst health
health state. state.
Basic reference A. 0.61 (0.24) 0.73 (0.22) 0.54 (0.22) 0.73 (0.22)
Basic reference B. 0.49 (0.29) 0.62 (0.30) 0.44 (0.25) 0.62 (0.29)
Chained A through B. | 0.67 (0.28) 0.81(0.22) 0.62 (0.24) 0.82(0.21)

Mean utilities elicited and their respective standard errors for the three PLE questions calculated through various theories.

Table 3: Median and range of utilities elicited

Prospect theory,
reference point
intermediate
health state.

Prospect theory,
reference point
worst health
state.

Expected Prospect theory,
utility reference point
theory. full health.

Basic reference A. 0.66 (0.50- 0.79 (0.68-0.94)
0.90)

Basic reference B. 0.56 (0.30- 0.73 (0.52-0.92)
0.86)

Chained A through B. 0.77 (0.58- 0.91 (0.77-0.98)
0.95)

0.57 (0.43-0.85)
0.48 (0.28-0.79)

0.69 (0.50-0.90)

0.79 (0.69-0.94)
0.73 (0.54-0.92)

0.91 (0.79-0.98)

Median utilities elicited and their respective interquartile range for the three PLE questions calculated through various

theories.

The descriptive statistics show a couple of important characteristics of the utilities elicited in the

sample. First, for all PLE questions, and for all theories, both the median and the mean chained utility
value for health state A exceeds the basic reference value for that health state. In absence of further
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analysis, there seems to be a strong indication for internal inconsistency for the PLE for the health
states studied and the theories that are used for analysis. Secondly, upon running the skewness test
as proposed by D’Agostino and Belanger (1990), 10 of the 12 utility values elicited were found to be
nonnormally distributed (p=0.05). Upon visually inspecting the utility distribution and by seeing that
the median utility values exceed the mean utility values, the data has been found to be generally left-
skewed. The last important observation, closely linked to the previous one, entails the fact that the
answers on the PLE questions vary greatly. Although most people value living in health states A and
B, some people would rather die.

A paired-t test is used in order to assess whether chained and basic reference values differ
significantly from each other for the different theories (and reference points) that are used to
analyse the answers. Pairwise differences of chained and basic reference values of health state A for
different theories are shown in table 4 with their associated standard error shown in brackets and
significance level shown by the number of stars. Chained PLE values have been found to significantly
differ from direct chained PLE values for all theories in this research. Under expected utility theory,
the difference is significant at a significance level of 5%. Under all three reference points of prospect
theory, with the parameters used of Tversky & Kahneman (1992), the difference between the
chained and basic reference value of health state A is significant at the 1% significance level. Prospect
theory in this format did not provide any improvement for the internal consistency of the PLE over
EUT in this research.

Table 4: paired t-test chained and basic reference values health state A (restricted sample,
n=50).
Expected utility theory. 0.06 (0.028) **
Prospect theory, reference point full health. 0.08 (0.027) ***
Prospect theory, reference point intermediate 0.08 (0.024) ***
health state.
Prospect theory, reference point worst health 0.09 (0.025) ***
state.
Significance at 10% level = *, significance at 5% level = **, significance at 1% level = ***,

One could argue that the selection criteria for the sample are either too stringent or too lenient.
Therefore, the sensitivity of the results in relation to the selection criteria will be tested. If people
violate monotonicity concerns with regards to health within a PLE question (i.e., from two options
they choose the worst one in terms of health), then this clearly demonstrates illogical behaviour that
cannot realistically represent their preferences for health, as in response to a dilemma, they are
unable to choose the correct option. Between PLE questions, monotonicity violations in terms of
health could be argued to be reasonable, as people may change their minds during the time, they fill
in the survey. Therefore, it could be argued that people who violate monotonicity concerns with
regards to health between PLE questions should be included in the survey. Upon inclusion of those
participants (n=57), the only meaningful difference that occurs compared to the restricted sample
(n=50), entails the fact that internal inconsistency under EUT is significant at the 1% significance level
instead of the 5% significance level (see appendix 9 for results). One could also provide a line of
reasoning to further restrict the sample. Namely, some people have stated in the basic reference
guestions for health state A and B that they would rather die than live in such a health state. Because
the PLE in the current format is not able to capture worse than death values, the value those
participants put on those health states is recorded as equal to death in this survey. Their true
valuation is unknown, and this makes their answers less useful. When those participants are
excluded from the restricted sample, 45 participants remain. No meaningful changes in the results
were found after application of these additional sample selection criteria when compared to the
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restricted sample (n=50; see appendix 10 for results). One could also argue that there is an additional
criterion to exclude respondents. It could be argued that finishing the questionnaire within a
timeframe that is too short indicates that it can’t be filled out seriously. Based on the pilot that is run
of the survey, the minimum time needed to fill in the survey seriously is estimated at 5 minutes. If
participants are excluded from the restricted sample when they filled it out in less than 5 minutes, 39
participants remain. The results do not change. All in all, the results do not change meaningfully
when accounting for various reasonable forms of restricting the sample.

5. Discussion and conclusion

This study confirms findings about the internal consistency of the LE under EUT of previous research
when chaining to the failure outcome. After application of four distinct improvements to the
research design compared to previous research, the results do not change (Oliver, 2005). Since EUT is
considered a descriptively inaccurate theory to describe people’s behavior under risk (Kahneman &
Tversky, 1979), these findings do not come as a surprise. Under PT, the LE has also been found to be
internally inconsistent in this research. Under both theories, chained values exceed basic reference
values, which is also seen in previous research (Oliver, 2005). Whether PT is unable to correct
problems regarding internal consistency remains unclear. Besides this, it remains unclear to what
extent PT plays a role in explaining people’s behavior in the LE. Therefore, it remains unclear to what
extent probability weighting and loss aversion play a role in the LE method. Namely, the application
of PT, a theory which accounts for loss aversion and probability weighting, in this paper is crude, and
a more sophisticated approach could plausibly eliminate internal inconsistency of the LE.

Regarding two aspects, the application of PT in this paper can be classified as unsophisticated. First,
probability weighting and loss aversion parameters found by Tversky & Kahneman (1992) and used in
this paper are median values located in the money domain. Parameters focused on the money
domain may differ significantly from parameters in the health domain (Attema et al., 2013).
Moreover, using median values for all participants may give very unreliable results, as probability
weighting and loss aversion parameters vary wildly between individuals (Abdellaoui, 2000; Brown et
al., 2021; Gonzalez & Wu, 1999).

Secondly, the reference points of the respondents are not clear. In an optimal scenario, reference
points of the individuals would be known, such that accurate assessment of the value of different
health states based on prospect theory could be made. In this research, the same reference point is
assumed for all respondents simultaneously for prospect theory analysis. This makes it unable to
capture the real value of prospect theory, in the case in which the reference points differ significantly
between participants. Reference points could be the current health state of the participant (Feeny &
Eng, 2005), the worst outcome (Bleichrodt et al., 2001), the most salient outcome (Oliver, 2005), or
the best outcome (Van Osch et al., 2006).

A limitation of this research is the manner of data collection in this research. Half of the data is
collected via Prolific, a tool used by researchers to acquire a random sample of participants for their
research. The other half of the data is collected through relatives who were willing to fill in the
survey. In other words, convenience sampling was used for this part of the dataset. A risk of using
this manner of sampling entails the fact that the sample is not representative of the population and
that this may bias the results. This concern is significantly alleviated when we inspect the relationship
between being recruited through prolific or through personal affiliation with the researcher and the
degree of internal consistency present. When controlling for age (and age squared), educational
attainment and gender, there is no relationship between the degree of internal consistency and
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being recruited through prolific compared to not being recruited through prolific (p value > 0.1) for
the four theories. All in all, the lack of a representative sample provides a modest threat to the
generalizability of the results.

A second limitation entails the concern that the sample size is too small. This threatens the validity of
the results as decreased study power decreases the chance that a statistically significant effect
reflects a true effect in a population (Button et al., 2013). Since internal inconsistency under PT has
been found to be very significant in this study, those results are not affected too much by concerns of
small sample size (Button et al., 2013). Internal inconsistency under EUT was not significant at the 1%
level. Therefore, a small sample size poses a slight threat to the validity of the results for the internal
consistency of the PLE under EUT.

A third limitation consists of the fact that there was no interviewer present during the time that the
guestions were answered by the participants. Difficulty in answering the questions by the
participants is based on two facts. First, some relatives commented on the fact that the questions
were quite difficult. Second, 34% of the sample was excluded of the analysis because their answers
were illogical regarding the assumption of monotonicity of health. There is a slight chance that
people who passed the tests regarding the selection criteria, still did not understand the
guestionnaire. However, the criteria were quite stringent, so that chance that they did not
understand the questions is considered low. threat of misunderstanding of the questions on the
validity of the results is considered moderate.

Although the paper contains some limitations, especially considering the absence of a researcher
whilst the participants answer their questions, it is recommended, based on the results, in line with
previous research (Oliver, 2005), to not use the PLE to elicit Cardinal Health state utilities under
either EUT or PT as proposed in this paper. The standard gamble suffers from the same problem with
regards to internal inconsistency as the lottery equivalence method when chaining to the failure
outcome (Oliver, 2003) when applying prospect theory with the values of Tversky & Kahneman.
However, external consistency is compromised for the lottery equivalence method and not for the
standard gamble, when applying prospect theory with those values (Bleichrodt et al., 2007). Besides,
guestions related to the LE are more difficult to answer than the SG, because the LE is a risk-risk
guestion, and the SG is a risk-riskless question. Due to these factors, the SG remains the gold
standard for utility measurement under risk.

In line with previous research (Bleichrodt, 2002) on biases affecting health state utility measurement,
the results suggest either one or two things. First, it could be possible that the application of PT used
in this paper is not able to capture loss aversion, probability weighting and reference point in an
accurate manner, because it is not measured at the individual level. Second, scale compatibility could
cause internal consistency, when respondents overvalue certain probabilities in PLE questions. A
combination of both factors as cause of internal consistency of the LE is also possible. All in all, when
chaining to the failure outcome, the LE has been found to be internally consistent. Application of PT
with parameters of Tversky & Kahneman (1992), has not been able to solve this.
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Appendix

Appendix 1:

Suppose an individual is indifferent between gamble (X;,p; X3,1 — p) and gamble (X;,q; X5,1 — q).
If an actor behaves according to EUT and if the utility of full health is set to 1 'U(X;) = 1/, this
implies that the EU of both gambles must be equal. This can be shown in the following equation:

pHUX) *x(1—p)=UX)*q+UX3)*(1—q)

Solving for ‘U(X,)’ gives us the following derivation:

pU(X1) + (@ —p)U(X3)
q

U(X,) =

Appendix 2:

Suppose an actor is indifferent between gamble (X1, z; X4, 1 — z) and gamble (X,, q; X4, 1 — q).
From previous basic reference questions, it is already known that 'U(X,)" is equal to s and 'U(X,)"is
equal to g under EUT. Then, the only way this new indifference can be consistent with the previous

indifferences under EUT is in the following manner under EUT (utility of full health is set to 1):

Lz+ UX)*(A—2z)= UX)*q+UX)*(1—-0q)

2 z+—*(1—z)=§*q+—*(1—q)
3.z+ - r
zZ+ ———=p+——r1
q q

p—r
5.z=

1T

q

Appendix 3:

For the PLE, the participant is asked to give their probability p for which he is indifferent between
gamble (X1,p; X3,1 —p) and gamble (X,, q; X5,1 — q), where X; > X, > X3 and X; is equal to full
health. Health state full health and death are scaled to 1 and 0 respectively. Strictly speaking, a time
element ‘T’ should be included in the structure of the gambles of the PLE, but for every derivation of
the PLE, T is factored out, so we do not include it in the main text. For the derivations below, it will
be included. Strictly speaking, the participant is asked his indifference probability for gamble

(X, T),p; (X3,T),1 —p) and gamble ((X2,T), q; (X3,T),1 — q). Because the participant is asked his
indifference probability, the values denoting the value of each gamble should be similar. The goal is
therefore to find the utility value of X, for which both values of the gambles are similar for different
reference points.

Gambles are evaluated differently depending on the reference point and if the outcomes in the
gamble are gains or losses relative to that reference point (Bleichrodt et al., 2007). If a gamble
involves both a gain and a loss relative to its reference point, it is evaluated in the following manner
according to the formulas of PT used by Bleichrodt et al., (2007):
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For the gamble ((X1,T),p; (X3,T), 1 — p), with the preference relationship (X;,T) > (Xgp,T) >
(X3,T), where (Xgp, T) is the reference point health state, the gamble is evaluated in the following
manner under PT (Bleichrodt et al., 2007):

(7)

PT((Xy,T),p; (X3,T),1 —p)
=UXgp, T) + wT (@)U X, T) = UXgp, T)) — Aw~ (1 = p)(U(Xgp, T)
- UX3, 1))

For the gamble ((X1,T),p; (X3,T), 1 — p), with the preference relationship (X;,T) = (X3,T) =
(Xgp, T) , where (Xgp, T) is the reference point health state, the gamble is evaluated in the following
manner under PT (Bleichrodt et al., 2007):

(8)

PT((X1,T),p; (X3,T),1—p)
=UXgp, T) + w(®)(UX1, T) = UXgp, 7)) + (1 —w* () (U(X3,T)
- U(XRP'T))

For the gamble ((X1,T), p; (X5,T), 1 — p), with the preference relationship (Xzp, T) = (X1, T) =
(X3, T) where (Xgp, T) is the reference point health state, the gamble is evaluated in the following
manner under PT (Bleichrodt et al., 2007):

(9)

PT((Xl' T), p; (XB' T)' 1- p)
=UXgp,T) — AW~ (1 = p)(UXgp, T) —U(X3,T)) — (1
—w (1 =p))(UXgp, T) = U(X1,T))

For the PLE, the aim is to find the solution for the following equation: ((X;,T),p; (X3,T),1 —p) =
((X,,T),q; (X5,T),1 — q). In this research, three different reference points are chosen, (X1, T),
(X5, T) and (X3,T). The unknown that must be found is X,. For each of those three reference
points, the formula to arrive at the unknown value will be derived, given formula 7, 8 and 9. Besides
this, it is assumed that the QALY model holds, which means the multiplicativity assumption holds
which implies that the utility of a health state ‘X’ for duration ‘T’, formally denoted as 'U(X, T)’, can
be evaluated as 'U(X) = T"'. Empirical evidence has been found to support the multiplicativity
assumption (Miyamoto & Eraker, 1988; Bleichrodt & Pinto, 2005).

For reference point '(X3, T)', the following equation can be solved by applying formula 7, scaling
'U(X,)' to 1 and by assuming multiplicativity in the following manner ((X,,T),q; (X5,T),1 —q) =
(X1, T),p; (X3, T),1 = p):

L UX)*T + wr(@QUWUE) *TT —UX3) *TT) = U(X3) * T" + wr(@)(U(Xy) *T" —
U(X3)*T")
2. wH(@QWUXR) —wH(@UX3) =wr(@UX,) —w*(p)U(X3)
3. wHWUXR) =wr(p) +UX3)w*(q) —w*(p))
4. UX,) = W*(p)+U(X3)(V(V+)(q)—w+(p))
wt(q

For reference point '(X;, T)’, the following equation can be solved by applying formula 8, scaling
'U(X,)' to 1 and by assuming multiplicativity in the following manner ((X,,T), q; (X5,T),1 —q) =
((X1,T),p; (X3, T), 1 —p):
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UX) *T" — w1 =q@)UX) *T" —UX3) *T") —AA —w (1 —q@)(UX) «T" —
UX)*T) =UX)*T" — Aw™ (1 —p)(UX) *T" —U(X3) *xT")

w(1l-qUX) -UX:)D)+A—-w (1-g)UX) -UX))=w (1 -p)(UXy) —
U(X3))

1-w (A-@*UX3)+w (1-q)*xUX)) - UX)=w (1—-p)— w (1—p)*
U(X3)

A-w(A-@)*UX)=1-w (A-p+w (A-p)*xUX3)— w (1—q)*U(X3)

L UX,) = W AmnrUE) W (Aop)-wT(1-4))

1-w=(1-q)

For reference point '(X,, T)', the following equation can be solved by applying formula 9, scaling
'U(X1)"to 1 and by assuming multiplicativity in the following manner ((X,,T), q; (X3,7),1 —q) =
((X1,T),p; (X3,T), 1 —p):

1.

2.

3.

UX)*TT —Aw~ (1 —qUX) *TT —UX3) *T") = UXp) *T" + w (p)(U(X,) *
T"=UX)*T) —Aw (1 —p)(UX) *T" —U(X3) xT")
“Aw (A=) *UX)+UX3) * Aw (1 —q)=w*(p) —UX) *w*(p) —
Aw (1 —=p)*UX2) + Aw™ (1 —p) * U(X3)
UX) (W@ —Aw Q- +Aw (1 —-p)) =wr(p)+ UX)Aw™ (1 —p) —
Aw™(1-q))
w* (p)+U(Xs)(Aw ™~ (1-p)-Aw ™~ (1-q))
UXz) = wt(p)+ Aw=(1-p)-w—(1-q))
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Appendix 4: EQ-5D-5L system to describe health states on 5 dimensions and 5 levels (Devlin et al.,
2017).

MOBILITY

| have no problems in walking about

| have slight problems in walking about

| have moderate problems in walking about
| have severe problems in walking about

| am unable to walk about

SELF-CARE

| have no problems washing or dressing myself

| have slight problems washing or dressing myself

| have moderate problems washing or dressing myself
| have severe problems washing or dressing myself

| am unable to wash or dress myself

00000 0000

USUAL ACTIVITIES (e.g. work, study, housework,
family or leisure activities)

| have no problems doing my usual activities

| have slight problems doing my usual activities

| have moderate problems doing my usual activities
| have severe problems doing my usual activities

| am unable to do my usual activities

PAIN / DISCOMFORT

| have no pain or discomfort

| have slight pain or discomfort

| have moderate pain or discomfort
| have severe pain or discomfort

| have extreme pain or discomfort

ANXIETY / DEPRESSION

| am not anxious or depressed

| am slightly anxious or depressed

| am moderately anxious or depressed
| am severely anxious or depressed

| am extremely anxious or depressed

00000 00000 O0OpPooo

Appendix 5: Health state descriptions used in questionnaire:

Health state A ‘41111’

| have severe problems in walking about.

Health state B ‘41113’

| have severe problems in walking about and | am moderately anxious or depressed.

Appendix 6: Example choice list question used in questionnaire:

The first choice list (with increments for p of 10%) can correctly be filled out in the following manner
by a hypothetical participant. His answer from the choice list implies that his indifference probability
for gamble (Full health, p; Death,1 — p) and gamble (Health state A, 0.5; Death, 0.5) lies
somewhere between p=0.3 and p=0.4:
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Row 1, Treatment A:
You have 50% chance to live the rest of

Row 1, Treatment B:
You have 50% chance to live the rest of

your life in ful health. ® O gobl;[jilfe with severe problems walking
You have 50% chance fo die next week. You héve 50% chance to die next week
. Row 2, Treatment B:
You have 40% chari%ﬁfiiliﬁtemrigﬁf You have 50% chance to live the rest of
° o ® O yourlife with severe problems walking
your life in full health. about
You have 60% chance to die next week. You héve 50% chance to die next week
] Row 3, Treatment B:
You have 30% chari%“tfosl:ilet?]temrzgttﬁf You have 50% chance to live the rest of
your life in full health. O . ggg{&lfe with severe problems walking
You have 70% chance to die next week. You héve 50% chance to die next week
] Row 4, Treatment B:
You have 20% chari:%“tr:ii\:!—;iagnreegiﬁf You have 50% chance to live the rest of
¢ - e your life with severe problems walking
your life in full health. about
You have 80% chance to die next week. You héve 50% chance to die next week
) Row 5, Treatment B:
You have 10% chari:%“trof)lii\:!—;etagnrzgiﬁf You have 50% chance to live the rest of
your life in full health. ON | gobl;[lilfe with severe problems walking
You have 90% chance to die next week. You héve 50% chance to die next week
] Row 6, Treatment B:
You have 0% charlch(;“troal:i\:!—;iatemrigfﬁf You have 50% chance to live the rest of
’ O @ your life with severe problems walking

your life in full health.

about.
You have 50% chance to die next week.

You have 100% chance to die next week.
Since the indifference probability of this individual lies somewhere between p=0.3 and p=0.4, a new
choice list is presented where p varies from 0.32 till 0.38. If the participant fills out the choice list as
outlined below, his indifference probability for both gambles is estimated at the mid-point of the
probability of A for which he switches from treatment A to treatment B, which is equal to 0.33 in this
scenario:
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Row 1, Treatment B:

You have 50% chance to live the rest of
your life with severe problems walking
about.

You have 50% chance to die next week.

Row 1, Treatment A:

You have 38% chance to live the rest of . O
your life in full health.
You have 62% chance to die next week.

Row 2, Treatment B:

You have 50% chance to live the rest of
your life with severe problems walking
about.

You have 50% chance to die next week.

Row 2, Treatment A:

You have 36% chance to live the rest of ® O
your life in full health.
You have 64% chance to die next week.

Row 3, Treatment B:

You have 50% chance to live the rest of
your life with severe problems walking
about.

You have 50% chance to die next week.

Row 3, Treatment A:

You have 34% chance to live the rest of . O
your life in full health.
You have 66% chance to die next week.

Row 4, Treatment B:

You have 50% chance to live the rest of
your life with severe problems walking
about.

You have 50% chance to die next week.

Row 4, Treatment A:

You have 32% chance to live the rest of oN )
your life in full health.
You have 68% chance to die next week.

Appendix 7:

https://gfreeaccountssjcl.azl.qualtrics.com/jfe/preview/previewld/95150548-33ce-4213-af66-
€31900017588/SV_2IW1hMMt2Dur04C?Q CHL=preview&Q SurveyVersionID=current.

Appendix 8:

Row 1, Treatment B:

Row 1, Treatment A:
You have 50% chance to live the rest of

You have 50% chance to live the rest of

your life in full health. ® O ;gg{lilfe with severe problems walking
Youhave 50% chance to die next week. You h-ave 50% chance to die next week.
Row 2, Treatment B:
You have 40% char?c?'t’(flli\-‘l'-;et?\gnrigttgf You have 50% chance to live the rest of
° e ® O your life with severe problems walking
your life in full health. about
You have 60% chance to die next week. You h.ave 50% chance to die next week.
Row 3, Treatment B:
Row 3, Treatment A: ! .
" You have 50% chance to live the rest of
You have 30% chance to live the rest of ) ) :
your life-in full health. ® O ;(t)}l(])[]:lfe with severe problems walking
You have 70% chance fo die next week. You h-ave 50% chance to die next week.
) Row 4, Treatment B:
You have 20% char?c(:ewt’;ii::etattemrzgttgf You have 50% chance to live the rest of
° o O @ yourlife with severe problems walking
your life in full health. about
You have 80% chance to die next week. You h-ave 50% chance to die next week.
. Row 5, Treatment B:
You have 10% char?c(:ewtloﬁlli\-fl'-;et?\temrirslttgf You have 50% chance to live the rest of
your life in full health. ® O gobg[lilfe with severe problems walking
Youhave 90% chance to die next week. You h-ave 50% chance to die next week.
Row 6, Treatment B:
You have 0% char?c(:a"\'t’flli\-{;e;t(anqrigttgf You have 50% chance to live the rest of
° ® O your life with severe problems walking

your life in full health.
You have 100% chance to die next week.

about.
You have 50% chance to die next week.
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https://qfreeaccountssjc1.az1.qualtrics.com/jfe/preview/previewId/95150548-33ce-4213-af66-c31900017588/SV_2lW1hMMt2Dur04C?Q_CHL=preview&Q_SurveyVersionID=current
https://qfreeaccountssjc1.az1.qualtrics.com/jfe/preview/previewId/95150548-33ce-4213-af66-c31900017588/SV_2lW1hMMt2Dur04C?Q_CHL=preview&Q_SurveyVersionID=current

Appendix 9:

Table 5: paired t-test chained and basic reference values health state A (n=57).

Expected utility theory. 0.08 (0.026) ***
Prospect theory, reference point full health. 0.09 (0.024) ***
Prospect theory, reference point intermediate 0.11 (0.022) ***
health state.

Prospect theory, reference point worst health 0.10 (0.023) ***
state.

Significance at 10% level = *, significance at 5% level = **, significance at 1% level = ***,

Appendix 10:

Table 6: paired t-test chained and basic reference values health state A (n=45).

Expected utility theory. 0.06 (0.028) **
Prospect theory, reference point full health. 0.06 (0.024) ***
Prospect theory, reference point intermediate 0.08 (0.024) ***
health state.

Prospect theory, reference point worst health 0.07 (0.022) ***
state.

Significance at 10% level = *, significance at 5% level = **, significance at 1% level = ***,
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