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TESTING THE RANK-ORDER APPROACH TO 
UTILITY FOR MONEY AND HEALTH STATES 

by Eugene Canjels* and Hans Peters^ 

Abstract 

Results are reported of a preliminary experiment testing the rank-order approach to utility 
for money and health states. In particular, it is tested not only whether the rank-order 
approach is valid, but also to which extent probability distortion associated with risky out¬ 
comes, depends on the involved prizes. The rank-order approach is an alternative to the Von 
Neumann-Morgenstern theory and allows a distinction between utilities for risky and riskless 
events. The adoption of this approach may have consequences in particular for the use of 
the standard gamble method for measuring utility indices of health states. These, in turn, 
are of practical relevance for the determination of so-called quality-adjusted life years used 
to evaluate health care programs. Our results are not yet conclusive, but will be useful in 
designing future experiments, and in particular indicate that in certain ranges the standard 
gamble method should be used with great care, especially so if ‘bad’ prizes are very likely. 
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1 Introduction 

Since its introduction by Von Neumann and Morgenstern (1947), expected utility theory 
has been widely accepted and applied in economics and other social sciences. The theory is 
mathematically simple and elegant, and can be based on a number of appealing axioms (see 
also Herstein and Milnor (1953)). Empirical investigations, however, have resulted in many 
violations of the theory. Well-known is the so-called Allais paradox (see, e.g., Allais (1979)): 
this is an example of a risky choice situation where subjects tend to violate expected utility 
maximization. 

Scientists in this area, theorists as well as empiricists, can be roughly divided into two 
groups. First, there are those who think that individuals in their right minds would choose 
such as to maximize their expected utility, and that observed violations of the theory are 
caused by biases resulting from the experiment, test, or observations. In other words, they 
believe that, provided certain test conditions are fulfilled, expected utility theory does have 
descriptive value. According to scientists in this group, one should spend one’s effort in trying 
to design experiments that rule out these biases as much as possible. Second, alternative 
theories have been developed by researchers who think that expected utility theory does not 
have adequate descriptive power. We mention, in particular, regret theory (Loomes and 
Sugden (1982)), prospect theory (Kahneman and Tversky (1979)), and the so-called rank- 
order approach (Quiggin (1982), Yaari (1987)). A recent survey on decision making under 
uncertainty is Machina (1987). Jaffray (1986) summarizes some important experimental 
findings and difficulties in this area. 

The validity of expected utility theory as a descriptive theory is of practical importance for 
health care planning, since the commonly used methods for assessing individuals’ preferences 
with respect to health states are based on the Von Neumann-Morgenstern theory. The 
resulting utility indices are needed to determine so-called qaly’s (quality adjusted life years), 
and these, in turn, play an important role in deciding how to distribute financial resources 
over various health care programs. See, e.g., Pliskin et al. (1980), and Torrance (1986). 

These commonly used methods are: Visual Analogue (VA), Standard Gamble (SG), and 
Time Trade-off (TT). Let us fix an individual’s utility for being dead at 0 and for being in 
complete health at 1. We want to assess that individual’s utility u for a certain state of 
health H. In the VA method, that individual would be asked, for instance, to draw a line of 
length x between 0 and 1 as an indication of u. In the SG method, the individual would be 
asked to mention a number p between 0 and 1, such that (s)he would be indifferent between 
undergoing a surgical operation resulting with probabilities p and 1 —p in complete health and 
death, respectively, and remaining in state H for the rest of his/her life. In the TT method, 
finally, the individual would have to name a number t between 0 and (say) 10, such that 
(s)he would be indifferent between 10 years of remaining lifetime in state H and t years in 
complete health. Under expected utility theory, an individual answers in a consistent manner 
if and only if x = p = t/10. (Here, it is assumed that - ceteris paribus -utility is linear with 
length of life.) See Torrance (1986) or Loomes (1988) for a more extensive discussion of 
these methods. Both authors survey a number of experiments where these three methods 
were used, showing systematic discrepancies between the generated utility indices: that is, 
x, p and t/10 are seldomly equal. We mention Torrance (1976), Bombardier et al. (1982), 
Llewllyn-Thomas et al. (1984), Torrance et al. (1982). 

Several explanations have been offered to account for the discrepancies between Visual 
Analogue, Standard Gamble, and Time Trade-off experimentation results. Here, we focus on 
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an argument that distinguishes between VA and TT on the one hand, and SG on the other 
hand: in the Standard Gamble method, subjects are asked to decide under risk, whereas 
there is no risk involved in the other two methods. Bombardier et al. (1982, p. 152) found 
that “almost universally, the standard gamble values were higher”. As a possible explanation, 
they suggest a 

general aversion to gambling with one’s health, a ‘gambling aversion’ which must 
be distinguished from the ‘risk aversion’ familiar to students of decision analysis. 

The authors refer to the ‘risk aversion’ according to the Von Neumann-Morgenstern theory, 
which is equivalent to concavity of the utility function u. Indeed, this cannot explain the 
higher level of the standard gamble values. Von Neumann-Morgenstern utility theory offers 
no adequate way to distinguish between decision making under certainty and under risk: 
it does not capture psychological phenomena like the ‘gambling aversion’ above. A related 
criticism is the unavoidable twinship in Von Neumann-Morgenstern utility theory, of risk 
aversion and decreasing marginal utility (cf. Peters (1988)): both are equivalent to concavity 
of the utility function. 

The mentioned alternative theories might offer solutions to this problem. Loomes (1988) 
describes how regret theory can be used as a theoretical framework for measuring individuals’ 
preferences with respect to health conditions. Here, we focus on what is usually called the 
rank-order approach. This theory offers a way to distinguish between decision making under 
certainty and under risk; it contains expected utility as a special case. It tries to capture our 
intuition that people tend to subjectively distort probabilities depending on the prizes that 
are associated with these probabilities. We report the results of a pilot experiment in which 
these prizes were either money or health states. The aim of this experiment was threefold. 
First, to test the validity of the rank-order approach. Second, to compare results when prizes 
are monetary with results for health conditions as prizes. Third, to reach a conclusion on 
the usefulness of, in particular, the standard gamble method for the determination of utility 
indices and, ultimately, qaly’s in connection with health states and health care programs. 

The organization of the remainder of the paper is as follows. Section 2 describes the theo¬ 
retical framework. Section 3 describes the theoretical and practical design of the experiment. 
Section 4 gives the results and conclusions. 

2 The Rank-Order Approach 

We will describe the rank-order approach to utility in a form that is convenient for our 
experimental set-up. We follow Lefoll et al. (1988) who were also our main inspiration in 
designing the experiment. 

Let ... ,xn be a number of alternatives. The x, may be monetary prizes but also 
other things like health states. We suppose an individual has a utility function u such that 

u(xi) < u(i2) < ... < u(x„). (1) 

E.g., if Xi is money, then (for an average individual) Xi < ... < x„. The cardinal utility 
function u is meant to describe the individual’s preferences in case of certainty. Now let 
Pi,p2, ■ ■ ■,pn be nonnegative real numbers with Xj"=i Pi — 1 j and let 'p : [0,1] —► [0,1] be a 
monotonically nondecreasing function with p(0) = 0, p{l) = 1. Let L denote the lottery in 
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which the individual receives z, with probability p,. We define 

UV(L) = U^) + V3(p2 +P3 + •••+ Pn)(u(z2) - “(Zl)) 

+ <p(ps + • • • + Pn)(«(ls) - u(x2)) + • • • 

+ V3(p„)(u(z„) - ujln.!)). (2) 

According to the rank-order approach, UV(L) is the individual’s utility for the lottery L, 
given that (s)he ‘distorts’ probabilities in a way described by <p: the function ip represents 
the individual’s attitude towards risk, and will be called distortion function. 

It is important to realize that for formula (2) to make sense, prizes must be ordered 
increasingly, as in formula (1). Formula (2) can then be read as follows: the individual enjoys 
u(z1) with certainty - in view of (1); he additionally enjoys u(x2) — u(x1) with probability 
£>(£"=2Pi); he additionally enjoys u(x3) — 12(12) with probability ^(SJhsPi), etc- If 'P >s 
identity, we have 

Uid(L) = p^Xl) + P2«(X2) + ... + p„u(x„) 

which is the expected (Von Neumann-Morgenstern) utility of the lottery L. 
The rank-order approach is an improvement of the prospect theory of Kahneman and Tversky 
(1979), which would put UV(L) = <p(pi)u(xi), violating first-order stochastic dominance: 
this is avoided by the rank-order approach. For an informal treatment, see Wakker (1988). 
The rank-order approach is backed up by axioraatizations: see Schmeidler (1984), Yaari 
(1987), Gilboa (1987), and Wakker (1989). 

While in the Von Neumann-Morgenstern utility theory risk aversion is equivalent to con¬ 
cavity of the utility function u, in the rank-order approach risk aversion is usually charac¬ 
terized as convexity of the distortion function <p, see for instance Chew et al. (1987). From 
now on, unless stated otherwise, risk aversion will always be risk aversion according to the 
rank-order approach. Intuitively, a risk averse individual tends to distort downwards the 
probabilities of receiving particularly good prizes. Note that, theoretically, a risk averse indi¬ 
vidual does not necessarily exhibit decreasing marginal utility for sure outcomes: the latter is 
equivalent to concavity of the utility function u, and is in principle independent of properties 
of the distortion function. 

3 The Experimental Design 

During the experiment, each subject had to give 18 valuations. Half of these were concerned 
with money, the other half with health. 

The monetary valuations are numbers m, (t = 1,2,...,9) between 0 and 1. The utility of 
obtaining 0 Dutch guilders was fixed at 0, the utility of receiving 1000 Dutch guilders was 
fixed at 1. The meaning of the numbers m,- was as follows: 

mi = utility of receiving Dfl. 300 
m2 = utility of receiving Dfl. 500 
m3 = utility of receiving Dfl. 700. 

Let [x; p, y; 1 — p] denote the lottery in which the subject receives x with probability p and 
y with probability 1 — p. 
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mt = utility of the lottery ( Dfl. 0; 0.3, Dfl. 500; 0.7] 
m5 = utility of the lottery [ Dfl. 0; 0.5, Dfl. 500; 0.5] 
m6 = utility of the lottery [ Dfl. 0; 0.7, Dfl. 500; 0.3] 
m7 = utility of the lottery [ Dfl. 500; 0.3, Dfl. 1000; 0.7] 
m8 = utility of the lottery [ Dfl. 500; 0.5, Dfl. 1000; 0.5] 
mg = utility of the lottery [ Dfl. 500; 0.7, Dfl. 1000; 0.3]. 

The valuations of health conditions are numbers hi (t = 1,2,... ,9) also between 0 and 1. 
The utility of being dead (£>) was fixed at 0, while complete health (H) was worth 1. Three 
health, or rather, illness conditions were described, which we name here and H3. Hi 
was clearly the worst condition, and H3 the least bad. In these valuations, lotteries were 
surgical operations. The meaning of the numbers h, was as follows: 

hi = utility of being in health state Hi 
h2 = utility of being in health state H2 
h3 = utility of being in health state H3. 

In each of the following lotteries, the subject had to imagine him/herself being in health state 
H2. 

hi = utility of the lottery [D; 0.3, 7f; 0.7] 
h3 = utility of the lottery [D\ 0.5, H\ 0.5] 
h3 = utility of the lottery [D\ 0.7, H; 0.3] 
h7 = utility of the lottery [Hi; 0.3, H3; 0.7] 
h3 = utility of the lottery [Hi; 0.5, H3; 0.5] 
hg = utility of the lottery [Hi; 0.7, H3; 0.3]. 

For each subject, we postulated the existence of utility functions um and u'' (‘m’ for money, 
‘h’ for health) and ‘probability functions’ tpm and <ph such that (2) is satisfied for the pair 
«”*, £>”* as well as for the pair uh, <ph. Per individual, three values of um and three values of 
uh are measured, namely mi,m2,m3, and hi,h2,h3, respectively. With the aid of these, and 
by considering the individual valuations of the lotteries, for each of the distorted probabilities 
£>m(0.7),£>m(0.5),pm(0.3),^,‘(0.7),£>,l(0.5),(p,‘(0.3) two values can be calculated, to be used 
in the different tests. 
In particular, we derive: 

um(0) = 0, um(300) = m,, um(500) = m2, um(700) = m3, um(1000) = 1, m4 = pm(0.7)m2 => 
£>”“(0.7) = mi/m2, similarly: 
£>”*(0.7) = (m7-m2)/(l-m2), £>”*(0.5) = m3/m2, ^"“(O.S) = (m8-m2)/(l-m2), £>”*(0.3) 
m6/m2, £>"*(0.3) = (mg — m2)/(l — m2). 

Similarly for the health part of the test: 

uh{D) = 0, uh{Hi) = hi, uh[H2) = h2, uh(H3) = h3, uh(H) = 1, ^(0.7) = ht, ^(OT) 
(h7 - hi)/(h3 - hi), £>'*(0.5) = hs, £>'*(0.5) = (h8 - hi)/(h3 - hi), £>'*(0.3) = h6, £>'*(0.3) = 
(hg — hi)/(h3 — hi). 

(Note that the numbers mi and m3 play no role in the determination of the values of £>”*. 
They were included as reference points for the subjects.) 

The values of £>”* and <ph thus obtained, can be used for a number of tests. The test 
method used was a nonparametric procedure fit for these data, namely the Wilcoxon signed 
rank test. We list the hypotheses tested: 
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(a) Test of the null hypothesis: Consistency of probability distortion, and thus, validity of 
the rank-order approach, concerning the evaluation of monetary prizes. 

Formally, we consider the differences (one per subject) A™ = m4/m2 - (m7 - m2)/(l — 
m2), A" = m5/m2 — (m8 - in2)/(l - rni), A™ = m6/m2 - (m9 — m2)/(l - m2), that is, 
the differences between the pairs of values measured for ipm(0.7), (pm(0.5), and ipm(0.3), 
respectively. Null hypothesis: A”* = 0 (t' = 1,2,3), alternative: A" ^ 0. The null hypothesis 

is in line with the rank-order approach. 

(b) Test of the null hypothesis: Consistency of probability distortion, and thus, validity of 
the rank-order approach, concerning the evaluation of health states. 

Formally, we consider the differences A* = hi — [hj — h\)/(hs — hi), Aj = hs — (/i8 - hi)/{h3 — 
hj), Aj = he — (h9 — hi)/(h3 — hi). Null hypothesis: Af = 0 (i = 1,2,3), alternative: A* / 0. 
The null hypothesis is in line with the rank-order approach. 

(c) Tests on risk aversion: for each of the twelve lotteries involved in the experiment, 
we test the null hypothesis ‘no risk aversion’ against the alternative ‘risk aversion’. 
Notice — see section 2 — that the absence of risk aversion, or, more precisely, risk 
neutrality according to the rank-order approach, ‘happens’ to be in line with the Von 
Neumann-Morgenstern utility theory, since both correspond to the distortion function 

being linear. 

Formally, we test the null hypothesis A = £>(p) — p = 0 against A = <p(p) — p < 0 (which 
indicates risk aversion according to the rank-order approach). This test is performed for the 

following cases: 

Am = _ o 7 
m2 

AT*, = - 0.7 
1.2 1—m2 

Ai i = hi~ 0-7 

Af,2 - ^ - 0.7 

A™! = ^ - 0.5 

A“ = - 0.5 1 —m2 

A2[i — h^ — 0.5 

AJ*, = - 0.3 

AT1, = - 0.3 
3.2 1—m2 

A3 j — /ig — 0.3 

Ah ^2,2 
ht-hi 

h3-hi 0.5 a;2 = h _ - 0.3. 

The four rows in this table correspond to the following triples of lotteries, respectively: lot¬ 
teries with low money prizes; lotteries with high money prizes; lotteries with ‘death’ and 
‘complete health’ as consequences; lotteries with the better and worse health states as con¬ 

sequences. 

(d) Test on differences between probability distortions for money prizes and health states. 
The null hypotheses ‘no difference’, and, thus, independence of probability distortions 
on the nature of the prizes involved, is tested, for each of the three probabilities un¬ 
der consideration, against the alternatives that there is more distortion downwards in 
the case of health states. In other words, the alternatives reflect our intuition that 
individuals will be more risk averse if the risk concerns their health. 

Formally, since we have two measurements for each probability distortion, we consider the 
mean values /zm(0.7) = (l/2)(m4/m2) + (l/2)(m7 — m2)/(l — ^2)5 = (l/2)/i4 + 
(l/2)(/i7-/i1)/(/i3-/ii), and Mm(0.5), ^(O.S), Mm(0.3), and ^(0.3) defined analogously. Let 
Mi = /xm(0.7) - ^(0.7), M2 = Mm(0.5) - /^(O.S), M3 = Mm(0.3) - ^(0.3). We test the null 
hypotheses M, = 0 against the alternatives Mt > 0 (*• = 1,2,3). 

The tests in (a) and (b) give some information on the consistency with which the subjects 
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parttaking in the experiment distort probabilities in two separate cases, namely the case of 
monetary prizes and the case of health prizes. So actually, we test whether such distortions 
might depend on the height of the monetary prizes, or, alternatively, on the nature of the 
health states, thereby presuming that distortion functions may be different between monetary 
prizes and health ‘prizes’. It is not hard to see that there will be some interdependencies 
beteen the tests in (a) and (b) on the one hand, and (c) on the other hand, in the sense that 
not all combinations of results will be possible. Just by way of an example, large differences 
in (a) exclude overall risk neutrality in (c). The tests in (c), on risk aversion, are of relevance 
mainly because they may provide evidence for or against expected utility theory. At their 
turn, the results in (c) are interdependent with the results of the tests in (d). 

In (d), we test whether subjects distort probabilities differently, depending on the nature 
of the prizes. In this sense, in (d) we really test the validity of the rank-order approach 
as an overall theory. The results, presented in the next section, indicate that indeed — as 
we would expect intuitively -— the distortion functions depend on the nature of the prizes 
involved, but not to the extent we expected before the experiment. Even, however, if these 
distortions would have turned out to be quite different, we would not consider this as evidence 
against the rank-order approach, since we do not believe that all uncertainty decisions of an 
individual can be described by just one simple function. 

Practical set-up of the experiment 

An interactive computer program, written in Pascal 5.0 on an IBM Personal System computer, 
is used to perform the experiment. Each subject runs the program in complete privacy; only 
an assistant is present (in a different room), to whom questions about the program can be 
directed. The subject first has to read a manual of three short pages, containing some general 
information, some information (examples) about the meaning of probabilities and lotteries, 
and the information needed to be able to answer the questions about health preferences. In 
particular, the three health conditions are described (see the Appendix to this report). 

Next, the subject has to answer the questions formulated by the program. (The manual 
always remains available.) The program consists of four parts. In the first part, some personal 
questions have to be answered (age, sexe, occupation, and a few questions in relation to the 
health conditions under consideration). This part is intended mainly for future use of the 
program. 

The second and third parts are identical: they contain the questions about money prefer¬ 
ences. The second part is a dummy part, meant to provide the subject with some practical 
exercise. All questions are answered by producing - with the aid of the cursor keys a 
coloured bar on the screen the length of which relates to the intended numerical values. A 
question is answered by confirming the length of this bar by pressing the return-key, but a 
number of possibilities to revise one’s answer are built in. Also some consistency constraints 
are included: 0 < m! < m2 < m3 < 1, 0 < m6 < m5 < m4 < m2 < m9 < m8 < m7 < !. 
The program only accepts answers satisfying these constraints. The answers given with re¬ 
spect to the sure events (mi,m2,m3) and to the previous lotteries in the same series remain 
always projected on the screen. Similar remarks hold about the fourth part of the program, 
which contains the questions about health conditions. In particular, also there consistency 
constraints are included: 
0 < hi < h2 < h3 < 1, 0 < h6 < h5 < h4 < 1, ^ < h9 < hs < h7 < h3. 
Before starting with the fourth parth, subjects are urged to read (anew) the descriptions of 
the three health states Hi,H2, and H3. 
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It turns out that, on the average, subjects need between 30 and 45 minutes to complete 

the whole procedure. 

4 Results and Conclusions 

Eighteen subjects participated in the experiment. These subjects were mainly undergraduate 
students in economics or health science. As noted before, their valuations were used in a 

Wilcoxon signed rank test. 
For each of the sets of tests (a),(b),(c), and (d), we first list the results, and then draw a 

few conclusions, if any. 

(a) Tests on consistency of probability distortions in case of monetary prizes 

Results: 
None of the null hypotheses could be rejected (level .10, two-tailed). Slight tendency towards 
positive values of A™, i = 1,2,3. 

Conclusions: 
These results are in line with the rank-order approach. The mentioned tendency indicates a 
(non-significant) tendency towards more risk aversion (relatively speaking) in case of higher 
prizes. 

(b) Tests on consistency of probability distortions in case of health states as prizes 

Results: 
For the probability 0.7, the null hypothesis, A* = 0, had to be rejected (level .01, two-tailed); 
the alternative hypothesis Aj < 0 was accepted (level .005, one-tailed). 
Also for the probability 0.5, the null hypothesis, Aj = 0 had to be rejected (level just above 
.02, two-tailed); the alternative hypothesis A£ < 0 was accepted (level .01, one-tailed) 
For the probability 0.3, however, the null hypothesis, A* = 0, could not be rejected (level 
0.1, two-tailed); there was only a very light tendency towards negative values of Aj). 

Conclusions: 
These results show that, in case of health states as prizes, the extent to which individuals 
distort probabilities depends very much on the ‘height’ of the prizes: they are significantly 
more risk averse (in a relative sense again) if prizes are ‘death’ and ‘complete health’, and 
if the probabilities of reaching the better state are relatively high (.7 and .5). However, 
the difference in probability distortion is less, and becomes non-significant, if there is a low 
probability (.3) of reaching the better state. 

(c) Tests on risk aversion 

Results: 
The null hypotheses Af\ = 0 could not be rejected (i = 1,2,3, level .1, two-tailed). 
The null hypotheses AJ"2 = 0 could be rejected for i = 2,3 with a level of .05, two-tailed; 
the corresponding alternatives could be accepted (levels slightly higher than .025, one-tailed). 
For i = 1, the alternative hypothesis could also be accepted, albeit with a higher level (.1, 
one-tailed). 
The alternative hypotheses Afj < 0 (t = 1,2,3) were all accepted (levels 0.005). 
The null hypotheses Afj = 0 could not be rejected for i = 1,2 (levels higher than .1). For 
i = 3, the alternative hypothesis could be accepted (level .025). 
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Conclusions: 
As to the money lotteries, we found risk aversion only for the high prizes; for the low prize 
lotteries, we found risk neutrality, so actually consistency with expected utility theory. These 
results are only partly consistent with the results found under (a), since risk aversion for 
the high prize lotteries and risk neutrality for the low prize lotteries would seem to lead to 
rejection of the null hypotheses under (a). However, we did find a tendency towards relatively 
more risk aversion in case of higher prizes, in (a). 
For the lotteries involving health states as prizes, we found risk aversion in all but two cases, 
namely those where there were relatively high probabilities (.7 and .5) of reaching the better 
health state, and death was not involved. We note that these results are consistent with the 
results found under (b). 

(d) Comparison of probability distortions between monetary prizes and health states 

Results: 
The alternative hypothesis could only convincingly be accepted in one case, namely > 0 
(level .025). The alternative hypothesis Mi > 0 could be accepted with a level of .1, whereas 
the null hypothesis Mj = 0 could not be rejected with a reasonable level, although there was 
a tendency towards Mi > 0. 

Conclusions: 
Individuals tend to be relatively more risk averse if health states are concerned, and if there 
are relatively high probabilities (.7 and .5) of ‘bad’ prizes (low money prizes, bad health 
states). However, if there is a high probability (.7) of a ‘good’ prize and a correspondingly 
low probability of a ‘bad’ outcome, then this difference is no longer significant. This actually 
means that, in the lower range of its domain, the probability distortion function might be 
relatively independent of the nature of the ‘prizes’. 

In view of the preliminary character and limited set-up of the experiment, we should not 
attach universal value to the conclusions formulated above. We can, however, say a few 
things. 

We found that the extent to which individuals tended to distort objective probabilities, 
depended on the ‘height of the prizes’ in case of health states, but not so much in case of 
money. Loosely speaking, individuals exhibited one distortion function for money lotteries, 
but two such functions for health state lotteries. Further, they turned out to be more risk 
averse in case of health. For low money lotteries, they even were risk neutral, so behaving 
in line with Von Neumann-Morgenstern (expected) utility theory. Finally, there was some 
evidence that the distortion function may be relatively independent of the nature of the prizes 
in the lower part of its domain. Note that the extent to which one could use these results 
for or against the rank-order approach, depends on how much one would want an individual 
probability distortion function to be sensitive to the nature of the ‘prizes’. 

One (not too surprising) conclusion we may draw from our experiment is that the stan¬ 
dard gamble method for measuring utilities for health states is to be used with great care: 
most of our results for health state lotteries (in part (c)) indicate risk aversion according 
to the rank-order approach (and hence, violation of the Von Neumann-Morgenstern theory 
on which the standard gamble method is based), especially for lotteries leading to death or 
complete health. The results are better — that is, more in line with the Von Neumann- 
Morgenstern theory — if less risky events (i.c., involving health states 1 and 3) are taken to 
be the prizes: recall that there we only found statistical proof for risk aversion if there was 
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only a low probability of reaching the better health state. This suggests that we should avoid 

using the SG method in case there is a possibility of a very bad outcome or a high probability 

of the worse of two outcomes. 

It is important to note that, even if we would believe in the rank-order approach to utility, 

this does not mean that we would have a new method for measuring utility indices for health 

states. We still have to rely on methods like Visual Analogue or Time Trade-off to measure 

such utility indices (cf. (1)). Only in case we would like to have utilities for risky events 

- which is not the standard practice - would we have to resort to a method like Standard 

Gamble (cf. (2)). Otherwise, in case of riskless events, we may only rely on the SG method 

if we are convinced that individuals are risk neutral according to the rank-order theory or, 

equivalently, are expected utility maximizers according to the Von Neumann-Morgenstern 

theory, or, equivalently, <p is identity (in (1)). 

The experiment reported in this paper was inspired partly by the fact that within the depart¬ 

ment of the second author a scenario study is being undertaken on the effects of Ischaemic 

Heart Disease Prevention Programs in the Netherlands. The descriptions of the health states 

used in the experiment (see the appendix to this paper) refer to diseases of the heart. Of 

course, our experiment is too preliminary and limited to serve as a database for determining 

utility indices and qaly’s. Verweij et al. (1988) provide a thorough procedure for the evalua¬ 

tion of health states. 

We intend to use the above results and preliminary conclusions in order to improve our ex¬ 

perimental set-up and to organize a more rigorous and larger session in the near future. By 

this report, the least we hope to achieve is to draw attention to alternative theories that can 

serve as a basis for utility measurement, in particular in health science. 

We summarize the main conclusions. First, postulating the existence of an individual proba¬ 

bility distortion function as in (2), we found evidence that at least for low probabilities this 

function might be reasonably independent of prizes. More precisely, the average individual 

differences between valuations of money and health states were, especially in case of ‘bad’ 

lotteries, with low probabilities of the good outcomes, not as large as we had expected. In 

other words, the rank-order approach might be accurate in the lower range of probabilities. 

Second, risk aversion according to the rank-order approach was more apparent in this region, 

that is, for ‘bad’ lotteries. For ‘good’ lotteries (high probabilities of the better prizes) and 

low-money lotteries we found no conclusive evidence against the Von Neumann-Morgenstern 

theory. 

Appendix 

This appendix contains the descriptions of the three health states occurring in the experiment. These 

three states were composed with the aid of classifications devised by the New York Heart Association 

and the Canadian Cardiovascular Society, and by Goldman et al. (1981). 

Health state 1 

Every physical activity and every emotion cause a longlasting and severe pain and tightness of the 

chest. These symptoms may occur even in a state of complete rest. Also involuntary physical activity 

like digestion (especially immediately following meals) leads to severe pains and tightness of the chest. 
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Consequently, even in a state of as much rest as possible, severe pain and tightness occur very often 

each day. 

Health state 2 

In a state of complete rest you feel reasonably well. You can also just manage climbing one flight of 

stairs, or going for a not too long and quiet walk (walk around a small block). More than this, however, 

is impossible without causing severe pain and tightness of the chest. There is a serious limitation of 

ordinary physical activity. 

Health state S 

Ordinary physical activity is slightly limited. Climbing stairways or hills at a more than normal pace, 

especially right after meals, leads to undue fatigue, shortness of breath, or even pain in the chest, and 

too many emotions may cause similar symptoms. If you bear this in mind, however, you may lead a 

normal life. 
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