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ABSTRACT

It is well-known that expected utility (EU) has engal deficiencies. Cumulative prospect theory
(CPT) has developed as an alternative with morerg¢ive validity. However, CPT’s full function
had not yet been quantified in the health domahis Ppaper is therefore the first to simultaneously
measure utility of life duration, probability weitjng, and loss aversion in this domain.

We observe loss aversion and risk aversion farsggand losses, which for gains can be explained
by probabilistic pessimism. Utility for gains isnabst linear. For losses, we find less weighting of
probability 1/2 and concave utility. This contrastgh the common finding of convex utility for
monetary losses. However, CPT was proposed to iexgt@ices among lotteries involving monetary
outcomes. Life years are arguably very differemimfrmonetary outcomes and need not generate
convex utility for losses. Moreover, utility of déif duration reflects discounting, causing concave

utility.
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1. Introduction

Health economic evaluations are increasingly usegdlicy makers to help allocate scarce health
care resources. These evaluations often entailutiisy analyses, where health benefits are
expressed in terms of utility. The common utilityodel used is the Quality-Adjusted Life-Years
(QALY) model (Pliskin et al., 1980), which is basedon expected utility (EU) theory. However,
many descriptive violations of EU have been rembrtieiring the last decades (Starmer, 2000),
including in the field of health economics (Bleiobt et al., 2007; Llewellyn-Thomas et al., 1982;
Treadwell and Lenert, 1999). This puts into questtte empirical validity of the QALY model in its
present form.

Cumulative Prospect theory (CPT, Tversky and Kalarg 1992) has developed as an important
alternative, with more descriptive validity. CPTisain deviations from EU are its reliance on a
reference point (RP), a nonlinear transformatiompababilities into decision weights (probability
weighting), and a higher sensitivity to losses ttagains as seen from this RP (loss aversion).hMuc
research has been done to measure utility anddapility weighting under CPT, both for monetary
outcomes (Abdellaoui, 2000; Fehr-Duda et al., 200&rsky and Kahneman, 1992; van de Kuilen
and Wakker, 2011; Wu and Gonzalez, 1999) and faitheutcomes (Bleichrodt and Pinto, 2000;
Miyamoto and Eraker, 1989; Verhoef et al., 1994}, duantifications of loss aversion have been less
widespread. Only recently, a number of studies lmeposed and implemented methods to measure
indices of loss aversion for monetary outcomes @Nbadui et al., 2007, 2008, 2011b; Booij and van
de Kuilen, 2009). However, so far loss aversion has been quantified in the health domain.
Bleichrodt and Pinto (2002) quantitatively inveatigd loss aversion in health applications, butrthei
study did not estimate the parameters of CPT, hadc¢e, thus far no estimates of loss aversion in
CPT are available.

This lack of investigations is worrying since tassumption of CPT renders various common
utility elicitation methods invalid (Abdellaoui eal., 2008). Examples include the certainty
equivalence (CE) method, the standard gamble (&&),the time tradeoff (TTO) method, which do
not account for loss aversion and/or probabilityglveng (Bleichrodt, 2002). These methods are all
very relevant for health economic evaluations. lemgethods that elicit the entire function of CRT i
the health domain are pivotal, both to obtain usdibestimates of utility of life duration curvature
and to apply these estimates to correct health astessment methods, such as the SG and TTO, for
loss aversion, utility curvature, and probabilitgighting. For example, Bleichrodt (2002) showed
that loss aversion exerts an upward bias on hetdie utilities elicited by SG and TTO, whereas
utility curvature causes a downward bias on TTties, and underweighting of high probabilities

often results in SG utilities that are too high.nee, correcting utility estimates is important ider



to reduce the biases present in health state i@ugtchniques (Abellan-Perpinan et al., 2009a;
Attema and Brouwer, 2009; Oliver, 2003; Wakker &tigigelbout, 1995). This research is the first to
perform such an elicitation, using life durationaasoutcome. It involves measuring the utility iéd |
duration, the decision weight of probability 1/2ddoss aversion. For this purpose, we use the-semi
parametric method proposed by Abdellaoui et al08Qo measure CPT’s parameters for money.
However, when applying this method to life duratiamumber of problems arise.

First, health outcomes necessarily involve a tdimension, since health states have a duration
inextricably bound to them (Bleichrodt and Johaspas 2001), whereas monetary outcomes can be
transferred at a single point in time. Life duratioonsists of years in the future, with all years
occurring at different times and, therefore, thiitytfunction for life years is distorted by time
preferences (Gafni and Torrance, 1984). All futlifiee years are discounted, both those considered
gains and those considered losses, which is eguiv&d a concave utility of life duration function
(Attema et al., 2012). This discounting is intersped with common utility properties that are also
present for monetary outcomes. As a result, thepaoison between CPT for money and CPT for
health is complicated. For example, the utilitydtion for monetary losses is often assumed or found
to be convex (Abdellaoui et al., 2007; Kahneman Bwersky, 1979; Tversky and Kahneman, 1992),
because people tend to be risk seeking for smede On the other hand, as shown by Chateauneuf
and Cohen (1994), risk seeking behavior in the tmswain can also co-exist with a concave utility
function under CPT, which was indeed found by Alzarli et al. (2008). They attributed this to an
overweighting of the probability of bad outcomekgeTconcavity caused by discounting of future life
years implies a further countertendency to conyexdtsulting from this risk seeking behavior.
Therefore, individuals may be risk seeking for ésss the health domain, but this can be balanged b
overweighting probabilities of bad outcomes, aslasldiscounting of future life years, causing the
shape of the utility function for losses to be agnioius.

A second problem arising in the health domainhis determination of the location of the RP.
Laboratory experiments often use small monetargaes as their stimuli. A natural RP then is the
status quo, i.e., just 0, and any money won irettgeriment is considered a gain, whereas any money
that has to be paid to the experimenter will besatered a loss (although the latter is done only
occasionally for real outcomes). It is, howevert so clear where the RP lies for the type of health
outcomes that are considered in this study. Onédcangue that the RP is the expected remaining
lifetime (e.g., using a mortality table or subjeetiife expectancy), the lowest outcome (Attemalgt
2012; Bleichrodt et al., 2001), the sure outcomen(®@sch et al., 2004; van Osch and Stiggelbout,
2008) or the highest outcome in a choice situatiorthat it depends on the goals of the respondents
(van Osch et al., 2006). It is also likely to degheam the decision context and the framing of the
guestions. Hence, the RP is likely to be more bgimeous among individuals in the health domain

than in the monetary domain.



It is possible to attempt to estimate the refeggpaint separately for each individual by eliciting
the point of inflection of the utility function,&., the point where the function switches from @nto
concave (Schmidt and Zank, 2012). Such an appnashperformed by Verhoef et al. (1994) for life
duration. However, they did not formally test whehe function was convex and where it was
concave, but instead assumed it took a logistipestzand estimated this on their CE data. Using the
obtained coefficients, one can then solve for tfikection point. Alternatively, one can directlyica
individual reference points by asking people wimg humber of remaining life years is such that
when they life shorter they will consider this adpand when they live longer, they consider arge
beyond that number a gain (Miyamoto and Eraker9198owever, this kind of question is not easy
to answer. One possibility would be to ask respotgléor their expected age of death (van Nooten
and Brouwer, 2004). A hypothetical scenario whéeytwill live longer [shorter] than until this age
may then be considered a gain [loss].

The location of the RP is essential in estimathegutility functions for gains and losses and loss
aversion, and, hence, the determination of thiatlon is crucial. Instead of assuming that RP is on
of the outcomes mentioned in the previous paragraiptrying to elicit it individually, we attempted
to induce the RP by explicitly describing it. THRP was subsequently used to measure CPT's
functional form. Previous research indicates thathsa description indeed causes respondents to
consider this location as their RP (Robinson et28101). Furthermore, a change in sign of the scon
derivative of the utility function (e.g., from pdisie [conveX] to negative [concave]) may be a geaui
property for the utility for gains/losses and, #fere, does not necessarily have to indicate the
reference point.

Our results indicate that individuals are riskraeefor both gains and losses. We find a concave
utility function for losses and a close to linedility function for gains under CPT. Finally,
individuals are loss averse, with an estimated &ssion smaller than those found for monetary
outcomes.

This paper is organized as follows. Section 2oshiices notation and describes the experimental
method. Section 3 provides details of the expertrag Section 4 continues with a presentation of

the results. Finally, Section 5 discusses the tesmd Section 6 concludes.

2. Method

We let (p,x;y) denote a binary prospect that givegome x with probability p and outcome y with

probability 1-p, with outcomes being real numbedrs.(life years in the experiment described in



Section 33. A decision maker's preference relatienis assumed to be a weak order, i.e., it is
transitive (if =y and y=z, then %z) and complete (eitherzy, or y>Xx, or both). The relatior-
denotes the asymmetric part Bf and ~ denotes indifference. Throughout this paper use the
notation (p,Xx;y) if xy=0 [x<y<0, x>0>y] for gain [loss, mixed] prospects.

EU evaluates preferences over two-outcome prosjbgct
EU(p,x;y) = pxu(x)+ (1= p)xu(y). 1)

However, because of the aforementioned empirichitidacies of EU, more general specifications

that incorporate CPT and rank-dependent utility (RIhave been developed, also in the health
domain (Bleichrodt and Miyamoto, 2003; Bleichrodt&aPinto, 2005; Bleichrodt and Quiggin, 1997).

According to CPT, which is a generalization of ROhk evaluation of prospects becomes (Wakker,
2010}

CPT(p,x;y) =W (p)*(u(x)-u(y))+u(y) (2a)

for gain prospects;

CPT(p,x;y) =w (p)*(u(x)=u(y))+u(y) (2b)

for loss prospects, and,;

CPT(p,xy) =W (p)*xu(x)+w (1- p)xu(y) (2c)

for mixed prospects.
An example using one of the questions asked ireperiment may clarify this notation. Let us
consider j=3 from Table 1 (as explained in SecB8ad). There we have x=15 and y=10 in the gain

prospect and x=-15 and y=-10 in the loss prosgeatthermore, these prospects involved p=1/2.

According to EU the gain prospect will be evaluadbgdand likewise for the loss prospect):
EU (3,15;10) = 1/2 x u(15) + 1/2 x u(10). (1)

According to CPT, the gain prospect will be evadadby:

2 Our experiment only uses binary prospects and;éhame do not consider prospects with more than two
outcomes here.
% Note that CPT (Tversky and Kahneman, 1992) argirai PT (Kahneman and Tversky, 1979) coincide for

binary prospects.



CPT (3,15;10) = w* (5) x (u(15) — u(10)) + u(10). (2a)
The losses will be evaluated by:

CPT (3,-15;,-10) = w™ () x (u(~15) — u(~10)) + u(~10). (2b)
Finally, suppose we have x=5 and y=-2 in a mixexspect. This is evaluated by:

CPT (3,5-2) = w* (3) x u(5) + w™ (3) x u(-2). (207)

Several studies have proposed methods for megsthian entire CPT function in a monetary
context. Abdellaoui et al. (2007) and Booij and vd@@ Kuilen (2009) proposed nonparametric
approaches to measure utility, probability weigitiand loss aversion under CPT for monetary
outcomes, making use of gambles, whereas TversttyKamneman (1992) and Booij et al. (2010)
used a parametric approach. Instead, Abdellaoal. €2008) proposed a semi-parametric approach,
which was subsequently applied by Abdellaoui e(2011b).

The CPT function will be measured using an adagptaif the method of Abdellaoui et al. (2008).
This semi-parametric method uses certainty equicale (CEs) to elicit the parameter(s) of a
predetermined parametric utility function. It neesisbstantially fewer questions and, hence, is
significantly less time consuming than nonparametmethods (Fox and Poldrack, 2008).
Furthermore, the different CEs are not susceptiblerror propagation, because they are not linked.
On the other hand, the advantage of this method avally parametric method is that it needs not
make parametric assumptions about probability weighand, hence, these measurements are not
confounded by assumptions about the shape ofuhibn (Abdellaoui et al., 2008).

The semi-parametric method entails three stagiest, fhe utility function for gains and the
decision weight of one probability are simultandpudicited. This is achieved by eliciting CEs of a
number of two-outcome prospects. The outcomeseopthspect are changed in this process, whereas
the probability of obtaining each outcome is thensdor all prospects. By assuming CPT and a
particular parametric shape of the utility functiome can then estimate the parameter(s) and decisi
weight of the fixed probability that best fit théc#ed data. Second, the same is done in the loss
domain. Finally, the value functions for gains doskes are linked by selecting a gain amount within

the range of values measured in the first stepthed, using a mixed prospect, determining the

* Only Abdellaoui et al. (2007) estimated probapiliteighting. Booij and van de Kuilen (2009) solely

estimated utility curvature and loss aversion, aiadle several assumptions about probability weightin



maximum loss amount such that a subject still psetiee mixed prospect. This allows for estimating
the loss aversion index, A, which governs the exchange rate between gainla@ssl utility units,

allowing a comparison between utilities of gaing arilities of losses (Kébberling and Wakker,
2005). In particular, we follow Kdbberling and Wakk(2005) and Abdellaoui et al. (2008) in

assuming that observable utility U is a compositibh and a basic utility u, with:

_(u)ifx=0
() = {Au(x)if x<0 @)

According to this quantification, an individual dkassified adoss averse, i.e. giving more weight to

utility units in the loss domain than the same &lisautilities in the gain domain, i&>1.

2.1. Utility and decision weight elicitation

The utility elicitation is similar to that of Abdabui et al. (2008, S.2.1) except that we consiller
exponential family for utility of gains and losséhe advantage of the exponential family in our
study is that it elicits utility independently ofig RP. That is, the parameter estimates will be
independent from the location of the RP

The exponential family (characterized by constdigtolute risk aversion) was defined by u(x)=[1-
exp(yx)'y for gains and u(x)=[expk)-1]/d for losses, withy,8+0. Forvy,6=0, it was defined by
u(x)=x. For gains, the exponential function is care if y>0, convex ify<0, and linear ify=0. For
losses, it is concave k0, convex if6>0 and linear i5=0.

For each prospect i in the gain (loss) domainelieit a CE such that the respondent is indifferent
between gaining (losing) Gkears for certain and the prospect that provide8% chance of gaining
(losing) a higher amount and 50% chance of gaining (losing) a lower amaurif the respondent’s
preferences can be represented by CPT and the emalrutility function, this indifference can be

evaluated in the gain domain by the following eourat

1mexp (7YCED) _ o+ (1—exp (cyxi) _ 1-exp (—Vyz)) 4+ 1=exp vy (4)
14 14 14 14

® This follows from the mathematical propertieshistmodel: it implies that future life years arsatiunted at a
constant rate; hence, the distance from an outdorites reference point does not matter, as the@eeod
discount rate is the same for all periods. The chBnge, therefore, is that the valug bfas to be rescaled,

whereas the decision weight and goodness of fital@hange.



where o"=w*(1/2). Solving this expression for CHives us a regression equation that enables the
simultaneous estimation of the utility function @aetery and the decision weight” through

nonlinear least squares:

CE, = — ln(w’f(exp(—}/xi)—ex:(—yyi))+exp(—yyl-)) -

The procedure for estimating utility and decisioright is similar in the loss domain, giving the
following regression equation that enables the Haneous estimation of the utility function

parameted and the decision weight through nonlinear least squares:

CE, = ln(w‘(exp(6xi)—ezp(6yi))+exp(6yl-)) ©

2.2. Loss aversion dlicitation
The loss aversion indeéxcould be simultaneously estimated by selecting divihe elicited CE for
gains, G*, and determining the loss L* for whicketBubject was indifferent between a prospect
giving a 50% chance of gaining G* and a 50% chanridesing L*, and the status quo:y(@*;L*)~0
(i.e., a mixed prospect). This gives:
o'u(G*) +o AuL*) =0 (7

In terms of the exponential utility function, thianslates into:

o' (—1_eXp}/(_yG*))+ © XA X (—eXp(‘?*)_l) =0 (8)

The mixed prospect, when solving for L*, resultghe following regression equation:

Lx = Inf- (' x(1- exp(;yG*) ) w A)x(31y)) @)

3. Experiment



3.1. Subjects

The subjects were 80 undergraduate students imdmssiadministration at Erasmus University

Rotterdam. They received course credits for thaitigipation.

3.2. Procedure

The experiment was run on computers, in sessiotls fvirespondents and 1 experimenter. The
subjects were separated by partitions and did oawintunicate with each other. They could consult
the experimenter in case of questions. It was nuéelr to them that there were no right or wrong
answers. Each task of the experiment started wigriuctions on the computer screen and two
practice questions. Printed instructions were &landed out, so that subjects could always verify
something, or read these instead of the electriostcuctions if they did not like to read them from

the screen. The experiment lasted 30 minutes oragee including reading the instructions and
performing the practice questions. A translatiothefinstructions can be found in Appendix 1.

The indifferences were elicited by means of aesedf binary choices, because previous research
has found that inferring indifferences from a detlwices results in fewer inconsistencies thanrwhe
asking subjects directly for their indifference wed (Bostic et al., 1990). A subject could returrat
previous question if (s)he made a mistake.

A subject had to choose one of two prospects enGk task, where the left option was always
riskless. We included a consistency test by repgahie second or third iteration for some randomly
selected questions at the end of an iteration segud-or the mixed prospects, we repeated the third

iteration at the end of one iteration sequence.

3.3. Simuli

The utility functions for both gains and losses avelicited by the use of 7 CE questions each. & wa
made clear to the subjects that they should imalyimeg 30 more years in full health, after which
they would die. Hence, we induced an RP of liviBg1®re years.

In the gain part, the subjects then had to deterrmavhich of two drugs, each of which could
increase their life beyond 30 years, they wouldoskeoif they were in this situation. The riskless
prospect contained a drug that would increasdrtifetwith CE years for certain, whereas the risky
option involved a drug that would have 50% charfogaining X years and a 50% chance of gaining y
years, with @y<CE<x. All life extensions were spent in full health.

In the loss part subjects were instructed to imadhat they had no other option than to take a

drug because of a disease that would decreaseréneaining lifetime (or at best remain the same).

10



Now, the riskless prospect contained a drug thatldvdecrease lifetime with Glears for certain,
whereas the risky option involved a drug that wdwdde 50% chance of losing x years and a 50%
chance of losing y years, with-0>CE>X.

The stimuli of the prospects of these questioessiiown in Table 1. The amounts of gains and
losses ranged between 0 and 20 years. Becauseniegnidfietime obviously cannot become negative,
the maximum possible loss amount was 30. Moreaiace the possibility of immediate death has
been shown to create distortions in previous stufBéeichrodt et al., 2003; Tversky and Kahneman,
1986), it was preferable to have a maximum losswaemaller than 30 years; hence we chose a

maximum loss of 20 years.
<TABLE 1 HERE>

We used only one probability (p=1/2), since Abdelli et al. (2008) found no significant
differences between utilities obtained for p=1/2 gn=1/3, allowing a substantial reduction of
cognitive burden. The order of the elicitation loé tCEs was random. The order of the gain and loss
parts was also randomized, although these parts marinterspersed. The latter would require more
cognitive effort from the subjects, because thewldidhen repeatedly have to change perspective
from gains to losses, and vice versa, which waldkelyt threaten data reliability.

Two elicitations were included to allow for estitioa of the loss aversion index. Abdellaoui et al.
(2008) used six estimations for this purpose, louwinél no significant differences between them,
suggesting that one elicitation is sufficient tdaob reliable estimates. However, because in toidys
we used another domain and loss aversion indexes te be variable (Abdellaoui et al., 2007;
Abdellaoui et al., 2008; Bleichrodt et al., 200lgd§ and van de Kuilen, 2009; Schmidt and Traub,

2002; Tversky and Kahneman, 1992), two elicitatiamse included to account for robustness. We
determined L* such tha(ﬂ/Z,G;; L*j ) ~ 0, for j=2,4, where j stands for the number of thespect in

Table 1. That is, the subject could choose betwegintaining the RP, or taking a gamble with 50%
chance of gaining G* years and 50% chance of lokiygars, where L was varied until the subject

was about indifferent at L*. The order of j wasdam.
3.4. Analysis

A subject was classified as risk averse [risk gagif at least 5 out of 7 CE questions producegla

averse [seeking] answer (i.e., a CE lower [higliegn the expected value of the prosgecEhis

® To allow for response error in elicited CE, weided risk neutrality with a +/-5% error margin anolthe

expected value. Weakly risk averse or weakly resdking responses might therefore be classifietskeutral

11



allowed taking into account response error. Becdhsedata were not normally distributed, we
performed nonparametric statistical tests (Wilcosigmed ranks tests for within-subjects analyses

and Mann-Whitney tests for between-subjects ang)y3avo-tailed p-values are reported.

4. Results

4.1. Reliability

Seven subjects were excluded because they didnaetrstand (one of) the tasks. The replication of
the second iteration led to the same choice aitti@l question in 96.6% [85.6%] of the cases for
gains [losses], indicating a good reliability. Tleglication of the third iteration led to the sacmice

in 88.3% [86.3%, 90.4%)] of the cases for gainssdss mixed prospects]. A lower reliability for the
third iteration than for the second iteration wadbé expected, since the stimulus value was litely
be closer to the CE there. For losses, howevendiebilities were similar for the second and dhir
iteration. These reliabilities are comparable tosthof earlier studies (Abdellaoui et al., 200&ttSt
2006).

For some CE questions, the order of the gain asd parts turned out to have a (marginally)
significant effect. In particular, subjects whoaesed the gain questions first had lower median CEs
for all 7 questions in the gain part than those wtasted with the loss questions, of which 3 were
(marginally) significant (CE CE, and CE p=0.055, p<0.01, and p=0.025, respectively). This
implies that the former group was more risk avenséhe gain part. An explanation for this order
effect may be that subjects who started with tiss lguestions were more inclined to ‘gamble’ in the
gain questions, because then all outcomes wereéhgositive’, i.e., all outcomes were at leastelbet
than the loss outcomes they faced before. Suclstaation was not found in the loss part, where
neither systematic nor significant differences whrend between the two groups (for 5 CEs, the
medians were equal, whilst it was higher [lowen] floee group starting with loss questions for,CE
[CEs), all p's>0.10). The observation of higher riskeasion for gains for subjects starting with the
gain part highlights the importance of randomizing order of the gain and loss parts; our dataasign

the presence of significant order effécts

4.2. CEsand risk attitude

responses. As a consequence, our classificatioft ga be interpreted as a conservative estinfateso
amount of risk aversion or risk seeking.
" Pinto-Prades et al. (2009) also found signifiader effects in the case of willingness to pay @yTor

health improvements, where WTP was lower if thaytet with the lowest health gain.

12



The median answers to the CE questions, as wéfle@isinterquartile ranges, are shown in Table 2.
This table shows a clear tendency of risk aversimih for gains and for losses. Overall, 54.8%
[38.2%, 7.0%] of the responses were consistent rigth aversion [risk neutrality, risk seeking] for

gains, whilst for losses these percentages wer@¥5141.7%, and 6.4%, respectively. Comparing
each CE for gains with its counterpart for losses,found 36.8% [26.4%] to reflect risk aversion
[risk neutrality] for both. Furthermore, 10.6% [3%)] of the CEs was risk neutral [averse] for gains

and risk averse [neutral] for losses.

<TABLE 2 HERE>

The classification of subjects in terms of risktatle for gains and losses is presented in Taple 3
and shows a similar picture as the one derived ftben individual responses. No subject was
classified as risk seeking, neither for gains wordsses. The largest group consisted of subyelats
were risk averse over the whole domain (24.7%). dther classifications were also similar to the
classification according to the stand alone answerthe separate questions, although there were
somewhat more mixed subjects for losses than fimsgdahe proportion of risk averse subjects did
not significantly differ from the proportion of Ksneutral subjects, neither for gains nor for lgsse
(p>0.22).

<TABLE 3 HERE>

There was a high degree of risk aversion in theethprospects, especially for j=4 (Table 1). The
median size of the loss establishing indiffereneeed between 0.46 and 0.79 of the size of the
corresponding median gain (j=2: G*=3.85, L*=3.084j G*=8.50, L*=3.95). In total, 77.4% of the
responses were risk averse. 48 subjects wereveskein both mixed prospects, 8 were risk seeking,
and 17 were classified as mixed. This degree &faisersion was comparable to the degree of risk

aversion in the gain prospects.

4.3. Utility for gains and |losses
Table 4 shows the median parameters of the expahenbddel, based on the individual data. The
median coefficient was significantly different frabnfor gains ¥=0.25, p=0.03) and losse&=(1.24,
p<0.01). The coefficients were significantly diffet between gains and losses (p<0.01). Figure 1 in

Appendix 2 shows the distribution of individuallityi parameters.

<TABLE 4 HERE>
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Table 5 gives subjects’ classifications based fwir testimated utility parameters. The most
common pattern was concave utility for both gaind bbsses. It turns out that the risk aversion for
gains was to a large degree due to probability mmeighting; whereas, the utility function was

indeed less concave than would be suggested weamasy EU.

<TABLE 5 HERE>

4.4, Loss aversion

We found evidence for loss aversidir{.18). The median of the individual loss aversiotiexes
was significantly different from 1 (p=0.03). Theamuartile range indicated a considerable amount
of variation at the individual level, as is commanrstudies of loss aversion (Abdellaoui et al., 00
2011b). At the individual level, classifying indiuals as loss averse if their median loss aversion
index exceeded 1, 44 of the 73 subjects (60.3%)thigtcriterion. This proportion was higher than
the proportion of gain seeking subjects (39.7%, .@¥0D Figure 1 in Appendix 2 shows the

distribution of individual loss aversion indexes.

4.5. Probability weighting

We found significant weighting of probability 1/hut only in the gain domain. There was
pronounced underweighting of probability 1/2 foinga(mediann*=0.46, p=0.01). For losses, the
decision weight of probability 1/2 did not signdiatly differ from 1/2 (mediam=0.49, p=0.77). The
weight was significantly higher for losses than dgains (p=0.03). Consistent with previous evidence,
decision weights for losses departed much less moarity than those for gains (Abdellaoui, 2000;
Booij et al., 2010).

4.6. Expected utility

We reran the analysis assuming EU. Under EU, limegighting of probabilities is imposed and the
decision maker treats all outcomes as gains. Simedatter assumption removes any differences
between gain, loss and mixed prospects, we aldorperd this analysis using the pooled gain, loss
and mixed data. As can already be inferred frondtta presented in Table 1, the responses indicated
a high degree of risk aversion for both gains ais$ds. Hence, the above analysis makes clear that
underweighting of probability 1/2 captures all betrisk aversion for gains. We would therefore
expect concave utility functions, since risk attituis entirely captured by utility curvature in ELhe

results shown in Table 6 indeed confirm this prieli the median utility function becomes concave
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(p<0.01). This illustrates that erroneously negtectprobability weighting leads to distorted

estimations of utility.
<TABLE 6 HERE>
4.7. Analysis assuming RP=0

One explanation for our finding of risk aversiom fmth gain and loss prospects is that subjects may
indeed have treated all outcomes as gains (i.ey, ity have taken their RP to be O life years). In
order to test whether this could be a feasible angtion, we reanalyzed the data under this
assumption, which corresponds to the RDU modehihitproposed by Quiggin (1982). As in the EU
case, this entailed considering the total life exgecies instead of the deviations from a life
expectancy of 30 years. Since this assumption rethany differences between gain and loss
prospects, we performed this analysis using théeglagain and loss dafa.

Table 6 presents the results of this analysisubpmisingly, we found utility to be less curved tha
utility under EU (p<0.01). The difference betweée tesults under CPT and under RDU lies in the
fact that probability weighting captures a partisk attitudes through probabilistic risk attitudes.,
underweighting or overweighting of probabilitiesiVe found evidence for underweighting of
probability 1/2 (mediam=0.44, p<0.01).

The nested nature of the three models allowscéorying out statistical tests to compare the
various theories. CPT is a generalization of RDUicl is itself a generalization of EU. Then EU is
nested within RDU, which is nested within CPT. Ugsthis nested structure we performed likelihood
ratio tests at the individual level to determineickhmodel better accounted for the data. EU
performed better than RDU for 16 out of the 73 eaty. Hence, it is worth using an RDU model
rather than a simple EU model to account for at&ttowards life years. When compared with CPT,
we found RDU to better fit the data in only one eea¥hen, assuming RP=0 did not bring any
improvement in the analysis when compared to bathstandard EU-QALY model and CPT. When
compared to CPT, EU explained the data better ity one subject. Therefore, taking into account
sign-dependence through CPT rather than assumingrBRDU greatly increased the explanatory

power of the model.

8 Alternatively, the reference point may be the kisftoutcome, 50, implying all outcomes are treatetbsses.
However, given the irrelevance of the locationtaf RP in the exponential utility function, this vidgive the
same results as when RP=0.

° Standard measures of goodness of fit, like theilkdekimformation Criterion and the Bayesian Inforinat

Criterion lead to similar results.
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5. Discussion

This paper provides the first quantitative estimaif an index of loss aversion in the health dormai

in addition to estimates of utility of life duraticand decision weights. Our study adds new evidence
to the debate about transferability of utility beem domains, which is ongoing (Abellan-Perpinan et
al., 2009b; Wakker, 1994). We found significantsl@version, with coefficients of lower magnitude
than those reported in studies on loss aversiomfmretary outcomes (Abdellaoui et al., 2007; 2008;
Booij and van de Kuilen, 2009). Moreover, our fimgliof risk aversion over the entire domain of
study is not in agreement with diminishing sengifias commonly observed in the monetary domain.
In particular, our results suggest that a conveiktyutfunction for losses is not a universal
phenomenon. Instead, the shape of this functionwellydepend on the outcome domain, as well as

the magnitude of the stimuli.

5.1. Loss aversion

We observed more loss aversion in the mixed praspigit the higher gain than in the mixed prospect
with the lower gain. The median answers to thesstipns suggest that respondents may have had a
maximum number in their mind that they were pregdcerisk losing. As a result, the loss aversion
index is predicted to be positively correlatedhe gain amount in the mixed prospect. This preaficti

is at odds with the usual assumption of constas# &version (Bleichrodt et al., 2001; Kobberling an
Wakker, 2005; Tversky and Kahneman, 1991), and atgects empirical evidence found for
qualitative data in the health domain, which sutgsshat loss aversion decreases with life duration
(Attema and Brouwer, 2012; Bleichrodt and PintoQ20Bleichrodt et al., 2003). Therefore, more

detailed research into the relationship betwees degrsion and outcome magnitudes is called for.

5.2. Utility

Our results regarding risk aversion for gains andilar to those of previous studies (Abdellaoui,
2000; Abdellaoui et al., 2008). An interesting fimglis that weighting of probability 1/2 importantl
explains this risk aversion, utility for gains bginlose to linear. Our results for losses also iconf
those of Abdellaoui et al. (2008), who reportedaave utility as well, although they did not observe
risk aversion for losses as we do. The reason Hi is that they find underweighting of the
probability of the worst outcome for losses. Indtage find slight overweighting of this probabifity
which implies, as demonstrated in Section 4.6, thidity would be even more concave had we not

accounted for probability weighting. It seems, #fiere, that our subjects did not weight probaletiti

10 A similar result was observed by Booij et al. (@p1
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much in the loss domain, implying their risk aversin this domain is indeed due to concave utility;
whereas, they were pessimists with regard to piititied in the gain domain, explaining much of
their risk averse behavior there.

Nevertheless, most studies in this field foundacave utility function for gains (Stiggelbout et
al., 1994), even when controlling for probabiliteighting (Bleichrodt and Pinto, 2005; Bleichrodt
and Pinto, 2000; Wakker and Deneffe, 1996), or whsing a riskless domain, not susceptible to
probability weighting (Abellan-Perpinan et al., B)@ttema et al., 2012). Verhoef et al. (1994) fdun
that a logistic utility function provided a good fo their data, claiming the transition from corve
concave utility occurred at an aspiration levelt tbauld be regarded as the reference point, and,
hence, concluded the convexity occurred on the &de and the concavity on the gains side.
However, this conclusion could not be verified blyay evidence.

We are aware of only one study that observed comsity of life duration for gains (Knoph
Kvamme et al., 2010). This study reported convdiyufor small life extensions using a willingness
to pay approach. However, a horizon of at mostéak yes used, whereas the other studies, as well as
our study, used a much larger time horizon. Knophr{me et al. (2010) attributed their finding to a
threshold effect, but this is not likely for ourigaamount of maximally 20 years. Furthermore,
Attema et al. (2012) reported a concave utilityifef duration function in a riskless environmentda
also found concavity for results obtained with a @Ethod, even after correcting for the median

probability weighting estimates obtained by Tverakygl Kahneman (1992).

5.3. Explanations

Several explanations can be offered for our fingirggarding the utility function for losses. Firist,
should be kept in mind that prospect theory wagimmaily proposed to explain choices among
lotteries involving monetary outcomes (Kahneman danersky, 1979), and empirical studies
reporting convex utility for losses indeed typigalised small amounts of such outcomes. Therefore,
it is not at all clear that the use of life yeansd also generate convex utility for lossesethaining

life expectancy is very small, the situation magt@ad be comparable to that of being near ‘ruin’.
Researchers tend to agree that utility for lossds goncave near ruin for money (Kahneman and
Tversky, 1979; Laughhunn et al., 1980; Libby arshburn, 1977; Marquis and Holmer, 1996; Ogaki
and Zhang, 2001), so if loss of life duration iliruin’, it becomes more natural to observe ceorca
utility.

An alternative explanation for the concave utifityiction may be that time preference generates
enough concavity to more than offset the conveditg to diminishing sensitivity. There is reason to
doubt this possibility, however, because if it wanee, this would suggest more concavity for gains
than for losses. Indeed, we find the opposite, g little concavity for gains when adjusting for

probability weighting.
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Third, our decision problem may be perceived aguation of a delayed resolution of uncertainty
(Abdellaoui et al., 2011a). That is, subjects mayehconsidered the gain prospects as uncertain
during the 30-year reference duration, and aftat they would ‘learn’ the resolution of uncertainty
(e.g., either no gain and, hence, death after tBOsgears, or a gain and some additional years. Th
situation becomes radically different for loss pecs under this reasoning. For example, prospect
j=4 could give either a loss of 20 years or no kmsall. If the bad outcome then occurs, the résmiu
of uncertainty will happen after 10 years alreadgnsequently, the risk aversion in the loss domain
may be the result of the interaction between disting, uncertainty, and the timing of resolution of
uncertainty. A similar reasoning applies to mixedgpects, where the situation actually gets even
more complicated, because there the subject’'s mespdetermines what the timing of resolution of
uncertainty will be. Hence, it becomes endogenadssabject-specific.

A fourth explanation is that subjects may haverdgd zero remaining life years as their RP, and,
hence, may not have considered any outcome assaHasvever, the findings of loss aversion and
significant differences between the utility curvas for gains and losses indicate that subjacts
sensitive to framing of questions as either gaimssses, and do not treat all outcomes as gain#, o
they do, do not treat all gains similarly.

Finally, a possible explanation entails that pedpbk the sure outcome as their RP. This would
imply that they have considered all prospects, lotihe gain part, the loss part, and the mixed, par
as mixed. A problem that arises if this were inddezl case, however, is that the analysis becomes
considerably more complicated. If respondents taflaprospects as mixed, each decision involves
five different parameters (i.e., the utility curve¢ parameters and the decision weights for batisga
and losses, and the loss aversion index). Furthernioe RP is not exogenous anymore, but equals
the CE which differs between subjects dependintheir choices. As a result, a collinearity problem
arises in the statistical analysis, making regoesgnpossible. More research with a study design

developed to explicitly deal with this issue isréfere warranted.

5.4, Limitations

The design of our study had several limitationssti-our assumption of exponential utility impligs
constant discount rate, whilst empirical evidenggggsts constant discounting does not always hold
(Attema, 2012; Frederick et al., 2002). However,algo fitted the power utility function, which gave
a similar goodness of fit and, as explained earlier, the exponential mqutelides several
advantages over the power model. On the other handiesults do not allow giving a conclusion

regarding the relevance of the location of therefee point, which does not matter according to

" Results under the assumption of power utilityarailable upon request to the authors.
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exponential utility, but does according to powsilityt Further research addressing this question is
therefore needed.

Second, we could not separately estimate thetyutilinction and the decision weight of
probability 1/2, but had to estimate them simultarsly. This may give estimates that are to some
extent arbitrary. For example, the assumption goeential utility produces lower estimates of the
degree of underweighting of probability 1/2 thae #ssumption of power utility.

Third, our sample consisted of a student popuiatamd, hence, our findings cannot readily be
extended to the general public. However, the ussuoh a convenience sample is common in this
field (Abdellaoui et al., 2007, 2008; Oliver, 200Byersky and Kahneman, 1992), and existing
empirical evidence suggests there are no systerddterences with more representative samples
(Booij and van de Kuilen, 2009; Booij et al., 2010)

Finally, since we used only one single probabilityour two-outcome prospects (i.e., 1/2), our
study does not provide any evidence on the decigieights attached to other probabilities. In
particular, we know that people heavily transforerywsmall and large probabilities (Abdellaoui,
2000; Bleichrodt and Pinto, 2002; Gonzalez and ¥999). This finding is especially relevant for the
SG method, which is frequently used in health eotos studies and often involves very small
probabilities of extreme outcomes, such as immedikath (Oliver, 2003; van Osch et al., 2004).
Hence, we recommend an extension of our studyitiiements different probabilities as a useful

topic for future research.

6. Conclusion

We can conclude that results presented in thisystudgest that the EU assumptions underlying the
standard QALY model are not valid, justifying theeuof non-EU QALY models. Furthermore, our
results indicate that loss aversion plays a rote & decision making in the health domain, but it
appears not to be constant. Finally, a concavigyutilnction was observed for both gains and losses
rejecting the concept of diminishing sensitivittheTmost notable finding of our study is the absence
of risk seeking behavior in the loss domain. Thighlights the need for more research to investigate
whether this result was due to the health domairsing fundamentally different behavior than the
monetary domain, or was caused by the specific ooelbgy used here.

This first attempt to quantify the functional formfi CPT in the health domain seems promising,
but highlights that several hurdles still have ¢otdken. First, more investigation into the shafph®
utility function is required to confirm the largectease in concavity of the utility function forimga
when accounting for probability weighting. Prefdyabthis should be done while separately

measuring utility curvature and probability weiglgtj in order to better disentangle these two
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concepts. Second, more research is required tbefuinvestigate the precise influence of time
preference; in particular regarding its abilityexplain the observed risk averse behavior in tks lo

domain. Our findings of more concavity in the loggnain than in the gain domain suggest that time
preference may not be the only phenomenon thatigt@uiconsidered. Third, the location of the RP
in the health domain deserves further exploratidris location is less obvious for health outcomes
than for monetary outcomes, and plays a crucia@ iICPT. Finally, an extension of this study to a

more representative sample of the general populat@ild be worthwhile.
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Tables

Table 1. Stimuli of the gain and loss prospects

=1 =2 =3 =4 =5 j=6 =7
X 5 10 15 20 20 20 20
V| 0 0 10 0 5 10 15

Table 2. Median CEs (interquartile ranges in pdreses)

CE | Gains Losses

1 2.25 (1.90-2.25) 2.75 (2.75-3.25)

2 3.85 (3.85-4.60) 5.75 (5.25-6.75)

3 12.25 (11.90-12.25) 12.75 (12.75-13.75)

4 8.50 (5.50-9.50) 13 (11.50-15.50)

5 10.50 (8.50-11.50) 13.50 (12.50-15.50)

6 14.25 (13.25-14.75) 15.75 (15.25-16.50)

7 17.25 (16.63-17.75) 17.75 (17.75-18.10)

Table 3. Classification according to CEs
Losses

Risk averse Risk Risk Mixed Total
neutral seeking

Gains Risk averse 18 0 0 8 26
Risk 0 5 0 2 7
neutral
Risk 0 0 0 0 0
seeking
Mixed 9 12 0 19 40
Total 27 17 0 29 73
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Table 4. Estimation results, based on individué da

¥

0

Y ® o
Median 0.25 0.46 -1.24 0.49 1.18
IQR -0.49-1.91 0.36-0.56 -2.77--0.27 0.43-0.59 6783

Table 5. Classifications according to utility fuiocts

Losses
Concave Convex Total
Gains | Concave 34 8 42
Convex 23 8 30
Total 56 16 73

Table 6. Estimation results under EU and RDU

EU RDU
Utility Utility o
parameter parameter

Median| 2.28 0.95 0.44

IQR 1.20-3.70 | -0.68-3.51| 0.37-0.49
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Appendix 1: Instructions

GENERAL INSTRUCTIONS

Welcome at this experiment on decision making rdigarquality of life and life duration. We would
like to emphasize that we are only interested ur yweference, so there are no right or wrong

answers!

The experiment consists of eight parts. Each palrbe/preceded by instructions about the task.
These instructions will be appear on your screahybu can also find them in the instruction set on
your desk. To find out whether you have understatything, we start each part with a couple of
practice questions. Take your time to read andidenthe questions carefully. You have enough time
and there won't be a problem to finish the taskimitan hour. If you have any questions or remarks,

don’t hesitate to consult the leader of the expenim

Good luck!
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Gain Prospects

Imagine you have 30 remaining years to live in fidhlth. After that, you get a fatal disease, caysi
an immediate, painless death. However, recentllyugs have been invented to do something about
this. First, a drug (Drug A) is available that vaktend your life 12 years, in full health. If ytake

this drug, this means that you have 42 remainifiegykears in full health, after which you still dié

the aforementioned fatal disease. You have tottakelrug only once and it has no side-effects.
Second, a drug (Drug B) was invented that may ekyewir life 24 years in full health, meaning you
would have 54 remaining life years in full healttowever, it is not sure that this will happen. DRig
will be effective for half of the people, but nat fthe other half. There are no consequences ¢or th
people for whom Drug B is not effective. They vaill live 30 more years in full health, as in the
baseline situation. One cannot predict beforehamweghiom Drug B strikes and in whom not. Striking
or not depends solely on chance and, hence, hamgadb do with any personal features of the drug
user. Therefore, the chance that this drug wiktbective for you is, as for any other person, éyac
50%. One can imagine here, for instance, that oseet a fair coin, giving one 10 extra years itlsea
comes up, and 0 extra years if tails comes up. &@8ace therefore means a chance of 1 out of 2 (or

50 out of 100). Drug B neither has any side-effect.

The question to you is to choose one of the twgsirbecause you can only take one. When you have
taken one, the other one won't have any effect amgmif you take Drug A, you will live exactly 42
more years in full health for sure. If you take B, you have a 50% chance to gain 24 years and,
thus, live 54 more years, but also a 50% changaitonothing and live 30 more years in full health.
Immediately after taking Drug B, the doctor canedeiine whether the drug is effective or not. Once
this is known, one cannot change the situationusgsno new drugs will be developed to change

your situation.

In the following questions the scenario will be #ane as in the instructions presented here, except

for the number of remaining years to be lived.
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L oss Prospects

Imagine that initially you would have 30 remainiyegars to live in full health. After that, you would
get a fatal disease, causing an immediate, paidksth. Suddenly, however, you get another disease
right now, forcing you to choose between 2 drugghRirugs cause you to stay fully healthy, but do
shorten your remaining life duration (or have and®ato shorten it).

First, there is a drug (Drug A) available that $bos your life by 7 years. If you take this druguy
therefore have 23 remaining years of life in fudhlth, after which you will die. You only have to

take the drug once and it does not have any sidetsf

Second, there is a drug (Drug B) available that steyrten your life by 14 years, which would imply

a remaining life time of 16 years in full healthid, however, not certain that this will happear F

half of the people, drug B will shorten the liferdtion by 14 years, but not for the other half; the
latter have the luck that Drug B does not shoreir remaining life duration. They will live 30 nmer
years in full health, as in the baseline situation.

One cannot predict beforehand in whom Drug B shertiée duration. Shortening life duration or not
depends solely on chance and, hence, has nothdmwith any personal features of the drug user.
Therefore, the chance that Drug B will shorten ffguduration, as for any other person, exactly 50%
One can imagine here, for instance, that one t@s$ais coin, giving one 14 fewer years if heads
comes up, and 0 fewer years if tails comes up. 8lddfice therefore means a chance of 1 out of 2 (or

50 out of 100). Drug B neither has any side-effect.

The question to you is to choose one of the twgsirbecause you have to take one. If you take Drug
A, you will live exactly 7 years shorter than irethmitial situation, namely exactly 23 years in ful
health. If you take Drug B, you have a 50% chana#i¢ 14 years earlier, and, thus, live 16 more
years in full health, but also a 50% chance to tastbing and live 30 more years in full health.
Immediately after taking Drug B, the doctor canedeiine whether the drug is effective or not. Once
this is known, one cannot change the situationus®gsno new drugs will be developed to change

your situation.

In the following questions the scenario will be #ane as in the instructions presented here, except

for the number of remaining years to be lived.
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Mixed Prospects

Imagine you have 30 remaining years to live in fidhlth. After that, you get a fatal disease, caysi

an immediate, painless death. However, recentlyug has been invented to do something about this.
This drug may extend your life by a specific numbkyears, in full health. If you take this drubgig
means that you have more than 30 remaining lifesyefull health, after which you still die of the
aforementioned fatal disease. You have to takerhg only once and it has no side-effects.

However, it is not sure that this will happen. Tag will be effective for half of the people, mdt

for the other half. The remaining life duration Maé less than 30 years, in full health, for thegde

for whom Drug B does not strike. One cannot preleforehand in whom the drug strikes and in
whom not. Striking or not depends solely on chaara#, hence, has nothing to do with any personal
features of the drug user. Therefore, the charatehis drug will be effective for you is, as farya

other person, exactly 50%.

The question to you is whether you want to takedtlug or not. In case you don't take the drug, you

will live exactly 30 more years in full health feure. If you do take the drug, you have a 50% ahanc
to gain a number of years and, thus, live more 8tayears, but also a 50% chance to lose life years
and live less than 30 years in full health. Immtadjeafter taking the drug, the doctor can deteemin

whether the drug strikes or not. Once this is knaere cannot change the situation.

No drug Drug

Neither
a gain
nor a

loss
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Appendix 2: Individual results

LUitility pararn et ers ([CDF) Loss aversion coefficients (COF)
T T

Fix)
Fiz)

Figure 1: Cumulative distribution functions (CDR)imdividual parameters. Left panel: distributions
of utility parameters for gains (black line) anddes (blue line). Right panel: distribution of loss
aversion indexes.
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