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Gandjour and Gafni (in press) criticize our paper on two counts. Their first point of criticism is ill-founded
and results from many mathematical mistakes that they make. The second is due to a lack of understanding
of the general principles of empirical research.
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In Bleichrodt and Filko (2008) we performed new tests of the
ALY model when health varies over time. The novelty of our tests

s that they control for violations of expected utility. It is well known
hat people do not behave according to expected utility (Starmer,
000) and these violations may have confounded previous tests of
he QALY model. Our experimental data supported QALYs at the
ggregate level, but not at the individual level.

In a comment, Gandjour and Gafni (in press) criticize our paper
n two grounds. First, they argue that it is possible that the con-
ition we tested, generalized marginality, is not sufficient to imply
he QALY model. In other words, subjects may simultaneously sat-
sfy generalized marginality and violate the QALY model. Second,
andjour and Gafni argue that we cannot make generalized state-
ents about preferences because our sample is not representative.

elated to this, they argue that we cannot conclude in support of
particular model based on a limited number of tests because the
ariety of health profiles is essentially endless. In this reply we will
how that Gandjour and Gafni’s first point of criticism is wrong.
heir arguments contain many mathematical mistakes implying
hat their counterexamples are wrong and, therefore, that all their
orresponding speculations are irrelevant. Their other points of
riticism are completely standard (Popper, 1934, 1963) and reflect
lack of understanding of the general principles underlying all
mpirical studies in all fields of science. They also reflect poor read-
ng as these points have actually been acknowledged and discussed
n our paper.

∗ Corresponding author at: Erasmus University, Dept. of Applied Economics, H13-
7, P.O. Box 1738, 3000 DR Rotterdam, Netherlands.

E-mail address: bleichrodt@ese.eur.nl (H. Bleichrodt).
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. First criticism: support for generalized marginality and
iolations of the QALY model can coexist

There are three principal problems with Gandjour and Gafni’s
rst point of criticism, which we will outline below.

.1. First problem: Eq. (1) is ambiguous and ill-defined1

The first fundamental problem is that the model of Gandjour
2008), which underlies Gandjour and Gafni’s (in press) analysis
nd is stated in their Eq. (1), is not well-defined. A problem that
ecurs throughout their comment is that even though Gandjour and
afni (in press) use mathematical derivations, they do not follow

he rules and logic of mathematics (Suppes, 1957).
According to the left hand side of Eq. (1) u depends only on

ealth states a, b, and c. However, on the right hand side of Eq. (1)
he distributions L(b) and L(c) also appear. If these distributions play
role then they should also appear in the argument of the function.
hen the utility of an outcome depends not only on the outcome
tself, but on the whole distribution that it is part of. The model then
oses all its tractability and becomes completely general without
ny predictive power. In particular, it is unclear how the formula
hould be applied when computing probability weighted averages
uch as in expected utility or its generalizations. Gandjour (2008)

laims that expected utility should not be used to compute proba-
ility weighted averages but in Eq. (4) of their comment Gandjour
nd Gafni (in press) do use expected utility to compute probability
eighted averages.

1 Throughout this reply, the equation numbers refer to the equations in Gandjour
nd Gafni (in press).

http://www.sciencedirect.com/science/journal/01676296
http://www.elsevier.com/locate/econbase
mailto:bleichrodt@ese.eur.nl
dx.doi.org/10.1016/j.jhealeco.2010.01.001
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It is further a complete mystery where the functions L come
rom. Are these population statistics, marginal distributions or are
hey specific to the prospects that are being considered? More-
ver, given the many parameters in Eq. (1) and their unclear nature,
dentifiability of the model is also a problem.

There are two additional inaccuracies related to Eq. (1).
andjour and Gafni (in press) call Eq. (1) additive, which it is not.
function is normally called additive if it is additively decompos-

ble, which implies strong separability. It is obvious that Eq. (1)
oes not satisfy strong separability. Apparently the authors use the
erm additive each time they discern an additive operation amidst
ther mathematical operations. We will ignore their claims about
dditivity in what follows.

A second inaccuracy is that Gandjour and Gafni use the same
ymbol u for several different things. In Eq. (1) u is used both
s a function of a sequence of health states, as a function of the
ingle-period health states, and as a function of the function L,
epresenting the distribution of the health states within a period.
his ambiguity about what the functions represent makes it hard
o discuss the theory.

Because Gandjour’s (2008) model is ill-defined and ambiguous,
t is impossible to understand exactly what Gandjour and Gafni

ean. Nevertheless we will try our best to interpret their writings
s good as we can.

.2. Second problem: Eq. (2) is wrong

The second problem is that their claims made in Eq. (2) are
nsubstantiated and wrong. Gandjour and Gafni claim that if strong
eparability, or additive utility independence as they call it, is
mposed on top of Eq. (1) then Eq. (2) results. No proof is given for
his claim and we will show that it is wrong. Gandjour and Gafni
laim that additive separability implies that all �’s must be equal
o zero. Suppose, in contrast with Gandjour and Gafni’s claim, that
t least one of the �’s is unequal to zero. Say �(a) = 1. Suppose also
hat u(L(b)) = u(L(c)) = 0 for all b and c. Then Eq. (1) in Gandjour and
afni becomes

(a, b, c) = u(a) + u(b) + u(c) + u(b) + u(c) = u(a) + 2u(b) + 2u(c),

hich is an additively decomposable form and which satisfies
trong separability and additive utility independence. Hence, it is
ot true that strong separability or additive utility independence

mplies Eq. (2). This simple counterexample shows that Eq. (2) in
andjour and Gafni (in press) is wrong, that their claims about the
’s being equal to zero are wrong, and that all the claims made later

n the paper about generalized marginality and Eq. (2) are wrong.

.3. Third problem: Eq. (4) and, hence, Gandjour and Gafni’s
ounterexample against generalized marginality, is wrong

We finally show that Eq. (4) in which Gandjour and Gafni (in
ress) derive what they believe generalized marginality tests is
rong. Before we do so, we must correct two mistakes in their

q. (3), which describes our test of generalized marginality. A first
roblem with Eq. (3) is that Gandjour and Gafni, once again, vio-

ate the rules of logic and use different symbols to denote identical
hings. According to the rules of logic it is possible, for example,
hat aI and aII in Ganjour and Gafni’s Eq. (3) are different. In the
efinition of generalized marginality they have to be identical. We

ill therefore ignore subscripts in what follows and simply write

I = aII = a, cI = cII = c, etc.
A second problem with Eq. (3) is that in the prospects on the

ight hand sides of the two indifference signs a′ ′ appears twice.
his is wrong. In each of these two prospects, the second term a′ ′

s
e
p
p
N

h Economics 29 (2010) 329–331

as to be different from the first. We assume that this is a typo and
hat the authors had in mind to write a′ ′ ′ for the second terms.

Let us now explain the problems with Eq. (4). A first problem is
hat Gandjour and Gafni use expected utility. In our paper we use
much more general model than expected utility and Gandjour

nd Gafni should have shown that their conclusion holds under
his more general model. A second problem is that Eq. (4) contains
term L(bI − bII). Why does bII suddenly appear within brackets?

his can only be if L, whatever it is, is linear (Aczel, 1966, Theorem
, p. 34). But such linearity has never been assumed. Moreover, bII
oes not appear in Eq. (3) so where does it come from?

However, the fundamental problem with Eq. (4) is that it is
rong. Assuming Eq. (1) and expected utility as Gandjour and Gafni
o, and following the same line of analysis as they do we obtain that
he difference between the prospects on the left hand sides of the
ndifference signs is equal to:

p[u(b) − u(b′′) + �(a)(u(b) − u(b′′)) + u(c)(�(b) − �(b′′))

+�(a)(u(L(b)) − u(L(b′′))) + u(L(c))(�(b) − �(b′′))]

+(1 − p)[u(b′) − u(b′′′) + �(a′)(u(b′) − u(b′′′))

+u(c)(�(b′) − �(b′′′)) + �(a′)(u(L(b′)) − u(L(b′′′)))

+u(L(c))(�(b′) − �(b′′′))].

And the difference between the prospects on the right hand
ides of the indifference signs is equal to:

′′) + �(a′′)(u(b) − u(b′′)) + u(c)(�(b) − �(b′′))

+�(a′′)(u(L(b)) − u(L(b′′))) + u(L(c))(�(b) − �(b′′))]

+(1 − p)[u(b′) − u(b′′′) + �(a′′′)(u(b′) − u(b′′′))

+u(c)(�(b′) − �(b′′′)) + �(a′′′)(u(L(b′)) − u(L(b′′′)))

+u(L(c))(�(b′) − �(b′′′))].

Deleting common terms this implies that generalized marginal-
ty tests whether

p[�(a)(u(b) − u(b′′) + u(L(b)) − u(L(b′′)))] + (1 − p)[�(a′)(u(b′)

−u(b′′′) + u(L(b′)) − u(L(b′′′)))] = p[�(a′′)(u(b) − u(b′′)

+(u(L(b)) − u(L(b′′)))] + (1 − p)[�(a′′′)(u(b′) − u(b′′′))

+u(L(b′)) − u(L(b′′′)))].

This is clearly different from what Gandjour and Gafni obtain.
ontrary to what Gandjour and Gafni claim the terms involving L(·)
o not cancel. Having shown that Gandjour and Gafni’s derivations
nd, hence, their counterexample, are wrong, all their speculations
hat follow Eq. (4) become irrelevant and we can safely ignore them.

. Second criticism: no general statements are possible

Regarding their second point of criticism we can be short: their
xpressed concerns are completely standard and have actually
een acknowledged in our paper.

The issue of representativeness is discussed in the third para-
raph on page 1247. It is common to use convenience samples

uch as students to first test new decision concepts. Consider, for
xample, Kahneman and Tversky (1979), the second most cited
aper in economics since 1970 (Kim et al., 2006), which introduced
rospect theory, the theory for which Kahneman was awarded the
obel prize in economics in 2002. Kahneman and Tversky (1979)
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Spencer, A., Robinson, A., 2007. Test of utility independence when health varies over
H. Bleichrodt, M. Filko / Journal of

s entirely based on the responses of students and university fac-
lty. Later studies then tested these new concepts in more general
amples. In our case the new decision principle was generalized
arginality. Because the test was new it made sense to first employ
convenience sample. Future studies should try to replicate our
ndings in more general samples.

Regarding the limited number of tests, it is well-known (Popper,
934, 1963) that a hypothesis can never be proved right and can
nly be shown to be false. The classical example is the hypothesis
all swans are white.” This hypothesis can never be proved right
ut can be falsified by observing one single black swan. Gandjour
nd Gafni have nothing new to add here. According to Popper data
hat are in line with the theory “corroborate” the theory. Our gen-
ral conclusion, repeated below, is entirely consistent with Popper
1934, 1963):

“Our results provide support for the QALY model at the aggre-
ate level. It should be pointed out though that this conclusion
s based on three tests only. It should also be kept in mind that

e only used mild to moderate health states to avoid considera-
ions like maximal endurable time. Our conclusions may no longer
old when more severe health states are involved. More evidence

s needed and we invite other researchers to try and replicate our
ndings using other experimental designs.” (p. 1247)

Let us end by correcting one final mistake in Gandjour and
afni’s (in press) comment. They imply that we cite Spencer and
obinson (2007) as providing support for generalized marginal-

ty at the aggregate level. Once again, they did not read carefully.
n page 1246 we wrote: “our aggregate findings on utility inde-

endence [emphasis added] are consistent with the findings of
pencer and Robinson (2007).” As we point out in our paper, if
tility independence holds but generalized marginality is violated
hen period-specific utilities can still be defined and utility remains
ractable.

S

S
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. Conclusion

Gandjour and Gafni (in press) criticize our paper on two counts.
heir first point of criticism is ill-founded and results from many
athematical mistakes that they make. The second is due to a lack

f understanding of the general principles of empirical research.
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