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Abstract:
Several experimental studies observed substantial violations of transitivity in decisions
between risky lotteries over monetary outcomes. The goal of our experiment is to test whether
these violations also affect the evaluation of health states. A particular feature of our
experimental design is that it takes into account the possible role of decision errors in
generating violations of transitivity. Since we find neither substantial nor systematic
deviations from transitive choice behaviour, we can conclude that previously reported
violations do not seem to bias health utility measurement.
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1 Introduction
Health utility measurement plays an important role in medical decision making, in
particular in cost-effectiveness analyses of alternative treatments. A central assumption in
health utility measurement is that preferences satisfy transitivity. Transitivity demands that
whenever option A is preferred to option B and B is preferred to C, then also A has to be
preferred to C. In the absence of transitivity a well-defined utility function U (i.e. for all
options A and B we have U(A) ≥ U(B) if and only if A is weakly preferred to B) does not
exist. Consequently, standard methods in health utility measurement, such as the time tradeoff
method or quality adjusted life years, cannot be meaningfully applied in the absence of
transitivity. Several empirical studies observed substantial violations of transitivity, in
particular for choice between risky options (e.g. Tversky, 1969, Loomes, Starmer, and
Sugden, 1989, 1991, Loomes and Taylor, 1992, Starmer and Sugden, 1998, Starmer, 1999,
Birnbaum, Patton, and Lott, 1999, and Humphrey, 2001). The validity of health utility
measurement would be seriously challenged if these violations carry over to the evaluation of
health states. However, since the evaluation of health states involves consequences composed
of several attributes (i.e. at least health status and life duration), behaviour may be
fundamentally different than in the above mentioned studies which are based on monetary
consequences.
To the best of our knowledge, it has not been analyzed before whether transitivity
empirically holds for the evaluation of health states. However, several studies observed
preference reversals in health utility measurement (e.g. Stalmeier, Wakker, and Bezembinder,
1997, Robinson, Dolan, and Williams, 1997, and Bleichrodt and Pinto, 2007) which are
closely related to violations of transitivity. A preference reversal occurs if a risky option p is
preferred to another risky option q (i.e. p f q) in a straight choice but a higher certainty
equivalent (CE) is assigned to q (i.e. CE(q) > CE(p)). Assume such a reversal and consider an
amount z with CE(q) > z > CE(p). Since the certainty equivalent of an option should be
indifferent to that option we get q ~ CE(q) f z, z f CE(p) ~ p, and p f q from choice.
Hence we have an intransitive cycle p f q f z f p, i.e. an intransitive preference cycle.
Precisely this result has been utilized by many studies mentioned above (in particular
Loomes, Starmer, and Sugden, 1989, 1991, Starmer and Sugden, 1998, and Humphrey, 2001)
to derive from the preference reversal literature experimental designs where substantial
violation rates of transitivity have been observed. Consequently, the evidence of preference
reversals in health utility measurement seems to indicate that also violations of transitivity
may occur in the evaluation of health states.
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There is, however, some debate concerning the evidence of violations of transitivity
(Iverson and Falmagne, 1985, Stevenson, Busemeyer, and Naylor, 1991, Sopher and Gigliotti,
1993, Luce, 2000, Iverson, Myung, and Karabatsos, 2006, Regenwetter and Stober, 2006, and
Birnbaum and Schmidt, 2007, 2008). It particular, it has been argued that the observed
violations are not “true” violations since they may simply be caused by random errors.
Consequently, we develop an experimental design which allows us to discriminate between
true violations and violations caused by random error. Our design is presented in the next
section where we also discuss the role of errors as potential causes of transitivity violations.
Section 3 reports the results of our experiment and Section 4 offers some concluding
observations.

2 Experimental Design and the Role of Errors
As most other studies on transitivity, our experiment was conducted as a classroom
experiment. We ran two studies with undergraduate economics students at the University of
Kiel, a pretest with 40 subjects and a main test with 98 subjects. In both studies subjects had
to make six pairwise choices which were composed of two series with three alternatives each.
Alternatives were described as in Figure 1 which presents the choice between alternatives A
and B of series I.

Suppose you have a serious disease which leads to immediate death if
uncured. Two alternative treatments are available:
Under treatment A you live for a further 15 years and have serious migraine
on one day per week.
Under treatment B you die immediately with a probability of 33%. With a
probability of 67% you live for a further 20 years and have no migraine.
Which treatment do you choose?

Figure 1: Presentation of alternatives
Each alternative is characterized by three attributes: (i) the probability of immediate
death, (ii) the number of additional life years in case of survival, and (iii) the number of days
with migraine per weak. The corresponding values of our design are presented in Table 1. In
the main test, we revised the attribute values of some alternatives (i.e. B and C in Series I and
C in Series II) used in the pretest. In these cases, the attribute values of the pretest appear in
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parentheses. In both tests, attribute values of the alternatives were chosen such that the
majority rule implies intransitive cycles. The majority rule implies that an alternative A is
preferred to another alternative, B, if the number of attributes for which A is better than B
exceeds the number of attributes for which A is worse, i.e.
A f B ⇔ #{i: Ai f Bi} > #{i: Bi f Ai},

(1)

where Ai and Bi denote the attribute values of A and B. It is easy to see that for the values in
Table 1 we have for Series I according to the majority rule B f A (more years and less
migraine), C f B (more years and lower probability of death) and A f C (lower probability
of death and less migraine). Also for Series II the majority rule implies the cycle B f A f C
f B.

Table 1: Experimental Design of Series I (left panel) and Series II (right panel)
Prob (Death)

Years

Migraine

A

0

15

1

B

33 (35)

20

C

13 (10)

30

Prob (Death)

Years

Migraine

A

15

30

3

0

B

25

35

2

2

C

22 (20)

24 (25)

1

In the pretest all subjects received an identical booklet with all six choices, each
choice on a separate sheet. In the main test there were two booklets, one with three choices
(two from one series and one from the other series) at the beginning of class and a second
booklet with the remaining three choices at the end of class. This procedure ruled out that
subjects could make consistency checks. The main test also divided subjects into two groups.
Compared to the first group, the order of the two booklets and the order of alternatives in the
booklets were reversed in the second group. Since there are no significant differences in the
results for both groups we do not distinguish them in the following. Finally, in order to
motivate subjects for careful consideration of the questions, 12 subjects drawn randomly
received a flat payment of 20 Euros in the main test.
In the studies of Loomes, Starmer, and Sugden (1989), (1991), Starmer and Sugden
(1998), and Humphrey (2001) intransitivities are tested by testing for the so-called cycling
asymmetry. With three choices, there exist two possible intransitive response cycles and the
studies conclude that observed intransitivities are not simply noise if one cycle occurs with a
significantly higher frequency than the other. The validity of this argument has been
questioned by Sopher and Gigliotti (1993). Consider for instance the result for Case 2 of
Starmer and Sugden (1998) presented in Table 2. The entries in the first row give the possible
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choice patterns with which a subject could respond to the three questions. For example, ABA
means that a subject chose A over B in the first choice, B over C in the second, and A over C
in the third. Altogether, there are eight different possible response patterns out of which the
last two (ABC and BCA) are intransitive. Suppose that all subjects have transitive preferences
but they sometimes make errors when choosing between lotteries. It is easy to see that the
cycle ABC can be caused by only one error if the true preferences are ABA, BBC, or ACC.
Analogously, the cycle BCA is caused by one error if the true preferences are ACA, BBA, or
BCC. According to Table 2, 18 subjects chose patterns ABA, BBC, or ACC while 69 subjects
chose ACA, BBA, or BCC, i.e. the latter three patterns occur much more frequently. As the
simplest case, we can assume that the probability of errors is the same for all subjects and
independent of the underlying true preference pattern. This implies that errors will lead much
more frequently to the cycle BCA than to the cycle ABC given that the true preferences are
always transitive. The observed differences in those frequencies thus may not be taken as
evidence of intransitivities.

Table 2: Results of Starmer and Sugden (1998)

Case 2

ABA

ACA

BBA

BBC

ACC

BCC

5

2

12

9

4

45

ABC

BCA

3 (3.3 %) 10 (11.1 %)

To control for this problem, Birnbaum and Schmidt (2007, 2008) estimate an explicit
error model using data from an identically repeated experiment. However, this procedure
requires additional assumptions on the structure of the error model. We therefore follow a
different route in this article: We simply adjust the attributes of the alternatives such that the
number of subjects choosing patterns ABA, BBC, or ACC roughly equals the number of
subjects choosing the other three transitive patterns ACA, BBA, or BCC. In this case, random
errors would imply an approximately equal frequency of the two intransitive patterns so that
we can use the cycling asymmetry to test for intransitivities.

3 Results
Table 3 presents the results of the pretest. The table shows that there are no
intransitivities for Series II whereas 10% of subjects responded with intransitive cycles for
Series I; yet both cycles occur with equal frequency and no cycling asymmetry can be
observed. However, the main goal of the pretest was not to test for transitivity, but to help
adjust the alternatives for the main test as outlined in the preceding section. The frequency of
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patterns which can lead to the cycle ABC by one error, i.e. ABA, ACC, and BBC, is 16 for
Series I and 9 for Series II. The frequency of the opposite patterns (BCC, BBA, and ACA) is
given by 20 for Series I and 31 for Series II. These observations show that in particular Series
II was unbalanced in the pretest, mainly due to the fact that alternative C is preferred too
frequently. We therefore made the attributes of this alternative less attractive in the main test.
For Series I, we also made alternative B slightly more attractive as indicated in Table 1.
Table 3: Results of the Pretest
ABA

ACA

BBA

BBC

ACC

BCC

ABC

BCA

Series I

0

11

5

2

14

4

2 (5.0 %)

2 (5.0 %)

Series II

2

8

2

5

2

21

0

0

The results of the main test are presented in Table 4. We can verify that our
alternatives are rather balanced as the frequency of patterns BCC, BBA, and ACA (52 for
Series I and 47 for Series II) is relatively close to the frequency of patterns BCC, BBA, and
ACA (40 for Series I and 43 for Series II). The incidence of intransitivities is rather limited
compared to previous studies which reported substantial violations of transitivity. In our study
only 6.1% of subjects violated transitivity in Series I and 8.1% of subjects in Series II.
Table 4: Results of the Main Test
ABA

ACA

BBA

BBC

ACC

BCC

ABC

BCA

Series I

9

15

12

14

29

13

5 (5.1 %)

1 (1.0 %)

Series II

20

6

7

20

7

30

6 (6.1 %)

2 (2.0 %)

In both series, the cycle ABC occurs more frequently than the cycle BCA. However,
according to a one-tailed binominal test (which was also used by Starmer and Sugden, 1998),
this difference is not statistically significant, so we can not conclude that a cycling asymmetry
exists. Since the rarely observed cycle BCA is the one implied by the majority rule for our
design, this rule appears to perform rather poorly in our experiment.

4 Conclusions
This paper has presented an experiment aimed at testing transitivity in health utility
assessment. A particular feature of our design is the use of a balanced set of alternatives such
that an asymmetric frequency of the two intransitive cycles is unlikely to result from random
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errors. In contrast to many previous experimental studies, we find neither a substantial
frequency of subjects violating transitivity nor a significant cycling asymmetry. Further
research may be required to understand whether the absence of the intransitivity problem is
mainly due to the control for errors in our design or due to the fact that our alternatives are not
lotteries over monetary amounts as in previous studies but composed of health states.
Altogether our results suggest that practical applications of health utility measurement may
not be substantially biased by violations of transitivity. This conclusion is in line with other
recent experimental studies (Birnbaum and Gutierrez, 2007; Birnbaum and Schmidt, 2007,
2008) that test for transitivity while controlling for the possible role of errors.
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