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Purpose. Utility values obtained with the standard gamble (SG) method
using the probability equivalence approach (PE) have a reported bias
due to the “certainty effect.” This effect causes individuals to overvalue
a positive outcome when it occurs under certainty. Researchers in the
decision sciences have proposed an alternative, “lottery equivalence”
(LE) approach, using paired gambles, to eliminate this bias. The major
objective of the current study was to investigate the certainty effect in
health status utility measures and to test our hypothesis that the certainty
effect would act in a reverse direction for negatively valued outcomes.
Methods. Fifty-four subjects completed the study by assessing prefer-
ences for three health states by rating scale and then by SG using PE
as well as LE approaches with assessment lotteries of 0.5 and 0.75.
Results. The results from 41 useable responses point towards possible
existence of the certainty effect in health in the hypothesized direction:
utility values obtained with the PE were significantly lower than with
the LEs. There was no significant difference between the LE values
indicating elimination of the bias.

Conclusions. The results have important implications since the SG
using PE is thought be the “gold standard” in health status utility
measurements.

KEY WORDS: Health status utility assessment; standard gamble
approaches; probability equivalence; lottery equivalence; certainty
effect.

INTRODUCTION

Health state utility can be defined as the preference for,
or desirability of, a certain health condition. It has been used
to measure the value of health improvement; it is also an under-
lying measure of health-related quality-of-life (HRQOL) and
the outcome measure for cost-utility analysis, both of which
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are used for clinical decision making and for economic evalua-
tions of health care programs. The utility approach to measuring
HRQOL has the advantage of providing a single cardinal unit
of HRQOL which is useful in quantitative analyses (1).

Cardinal utilities in health state measurements have been
commonly measured via three methods, i.e., the rating scale,
the time trade-off and the standard gamble (2). The rating scale
consists of a line with anchor points of least and most desirable
outcomes and involves placing the health states under consider-
ation between the two anchors, in order of their preference,
such that the intervals between placements correspond to the
subject’s perceived difference in preference (2). The second
method, the time trade-off was developed specifically for health
care by Torrance et al. and it measures utilities implicitly as
opposed to the explicit assessment of preference by the rating
scale (2). The subject is offered a trade-off between health state
! for time ¢ and full health for time x<¢ followed by death, and
the time x is varied until the subject is indifferent between
alternatives. Utility is calculated as U=x/r.

The third, and most commonly recommended method is
the standard gamble approach. “It is the classical method of
measuring cardinal preferences” and incorporates the aspect of
risk or uncertainty in decisions (2). It follows the axioms of
utility theory as presented by von Neumann and Morgenstern
in 1947 (3). In this method, the subject is presented with two
alternatives; alternative A is a reference lottery where the best
possible outcome of the treatment (that the subject will return
to full health and live for an additional ¢ years) occurs with a
probability p and the worst possible outcome of immediate
death occurs with a complementary probability /-p (Figure 1).
This is countered against alternative B which has a probability
g of 1.0 (or certainty) that the chronic health state [ will persist
for life (¢ years). The utility of full health (FH) is arbitrarily
set at a value of 1.0 and that of immediate death (ID) at 0.0. The
probability p is varied until the subject is indifferent between
alternatives A and B; this is called the indifference point. The
expected utilities of alternatives A and B are equal at this
point, i.e.,

q(}) X U() = p(FH) X U(FH) + (1 — p)(ID) x U(ID)
I XU = A-px0 (1)
U = p

p X 1 +

Full health for life, U=1
Immediate Death, U=0

IL\,‘hronic health state, U=? ]

At point of indifference,
Expected Utility of A = Expected Utility of B
s [p(FH) x U(FH) + (1-p)(ID) x U(ID)] = q(CHS) x U(CHS)
Sop(D) +(1-p) x (0) 1 x U(CHS)
. U(CHS) =p
where FH=full health, ID=immediate death, CHS=chronic health state

Note: The squares in the decision tree denote a decision node, the circles denote a chance nede.

Fig. 1. Standard gamble under probability equivalence.
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Thus the utility of the assessed health state depends on the
indifference probability p of the reference lottery. The method
described above is defined in the utility literature as the standard
gamble using a probability equivalence method with extreme
gambles and has been the method of choice in health status
utility measurements (4).

However, the traditional standard gamble under probability
equivalence (PE) is susceptible to various problems, namely;
biases from range effects due to the extreme values of the
anchor points and distortions in risk behavior (4,5). PE is also
susceptible to serial dependence especially if responses are
chained, i.e., if utility values obtained earlier in a standard
gamble are used in later comparisons, any bias in earlier
responses is amplified in later ones (5). Further, the major
drawback of the PE approach to measuring utility is the presence
of a “certainty effect”, a pervasive psychological phenomenon
whereby an individual values an outcome more highly when
it occurs with certainty (5,6). The certainty effect increases
with the reference probability levels used in the comparisons,
i.e., subjects exhibit greater risk-averseness as the probability
in the gamble is increased. The Allais paradox has been cited
as a classic example of the certainty effect (6,7). [Please see
Appendix 1 for an example of the Allais paradox] (8)

This effect has been discussed in the behavioral decision
making literature and documented by McCord & deNeufville
in standard gamble measurements using certainty equivalence
[a closely related standard gamble method where the individual
cites an amount for the certain outcome which makes them
indifferent between the lottery and the certainty, and which
shares common disadvantages with the PE method] (4,9).
McCord and deNeufville found that the certainty effect intro-
duced systematic errors in the standard gamble; subjects in
their study overweighted a positively valued outcome (e.g.,
dollars) since it occurred with certainty and hence the utility
of the outcome also tended to be overvalued. They concluded
that, for positively valued outcomes, the utility function is
shifted above and to the left due to the certainty effect. Also,
this error is magnified as higher probabilities are used in the
lottery leading to more risk-averse utility functions (5).

A “paired-gamble” method has been proposed in the litera-
ture to account for the certainty effect (4). McCord and deNeuf-
ville conducted a study using this paired gamble method, which
they called the lottery equivalence method (LE) (5). This
method uses elementary lotteries which are binary lotteries with
one of the consequences set to the status quo; this reduces the
number of parameters to be defined. The subject in the LE
method compares the status quo with the assessment probability
and also the status quo with the reference probability and pro-
vides the point of indifference between these two lotteries. The
authors conducted the study with the probability of assesment
lottery set at 0.5 and 0.75. The utility of the assessment lottery
at the indifference point was calculated as follows:

[P(RL) X URL) + [p(SQ) X U(SQ)] = [p(AL) X U(AL)]
+ [p(SQ) X U(SQ)] ..If p(AL) = qand U(SQ) = 0
Then, at indifference point
U(AL) = [p(RL) X URL)}/q @
where,

RL = reference lottery,
SQ = status quo,
AL = assessment lottery
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Full health for life, U=1

Chronic health state, U=? |

immediate death, U=0

At point of indifference,

Expected Utility of A = Expected Utility of B

- [p(FHIXU(FH) + (1-p)ID)xU(ID)] = [q(CHS)xU(CHS) + (1-)(ID)xU(ID)]
=~ p(1) + (1-p) x (0 = q()+(1-q)x 0

~U(CHS) = p/q

where, FH={ull health, ID=immediate death, CHS=chronic health state

Fig. 2. The lottery equivalence method.

Figure 2 is a representation of the lottery equivalence approach
with health states.

They found that use of this method reduced the dependence
on the probability and eliminated the certainty effect for posi-
tively valued outcomes such as dollars. This finding was con-
firmed by lower utility values and a utility function which was
below and to the right of the utility function for certainty
equivalence. They also found that there was no systematic
difference between utilities for lotteries with g=0.5 and g=0.75,
further confirming the results.

RATIONALE FOR THE CURRENT STUDY

The literature reports the presence of a bias in utility
measurements obtained from the standard gamble method under
certainty and probability equivalence, due to the certainty effect
(5). Further, the traditional standard gamble method under prob-
ability equivalence is used as a “gold standard” in health status
utility measurements (10). Based on the literature review and
the background provided above, this study had three research
objectives:

1. To explore the presence of the certainty effect in health
status utility measures obtained using the traditional (PE) stan-
dard gamble method.

2. To test the hypothesis regarding the direction of the
certainty effect in health state utility measures. The specific
hypothesis was that: “the certainty effect in health will occur
in a direction opposite to that found by McCord and deNeufville
with positively valued outcomes.”

The rationale for this hypothesis was that while subjects
overweight positively valued outcomes occurring under cer-
tainty, they would try to avoid the negatively valued outcome
(i.e., the chronic disease state) which occurred with certainty,
and prefer the gamble. Hence the certainty effect would cause
individuals to reach indifference between the choices quicker,
i.e., at lower reference probabilities. Since the utility of the
chronic state depends on the reference probability at indiffer-
ence point, the utility will tend to be undervalued. Therefore,
while the certainty effect led to more risk-averse utility func-
tions with positively valued outcomes, it would lead to more
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risk-seeking functions (preference for the gamble) with nega-
tively valued outcomes.

3. The third, and final research objective was to explore
the possibility of countering the certainty effect using a lottery
method of standard gamble.

These ojectives were addressed via a comparison of stan-
dard gamble under PE and LE. Assessment probabilities of
q=0.5 (LEgys) and ¢=0.75 (LE,;5) were used to make the study
comparable to the McCord and deNeufville study. Three chronic
disease states were chosen for the study, namely, home dialysis
for renal dysfunction, hospital dialysis for the same condition
and confinement for a contagious disease. These states were
chosen so as to compare the resultant utility values with those
reported by Sackett & Torrance in the literature for the same
health states by standard gamble (11).

MATERIALS AND METHODS

Undergraduate and graduate students of pharmacy in a
midwestern university were requested to participate in the study.
Fifty-four students volunteered and completed the study.
Twenty-one of these were graduate students. Each subject was

provided with detailed written descriptions of the three health

states which were reproduced from the study by Sackett &
Torrance (12). Subjects (Ss) were asked to read the written
descriptions carefully and then provide a rank-order preference
for these health states by rating scale (13).

Ss were then randomly assigned to receive standard gam-
bles under PE first and LE second (i.e., after 48 hours) or LE
first and PE second. A prop called the “Chance Board” designed
by Torrance was used to aid Ss in comparing gambles (2,14).
The prop was modified to include a lottery for LE, 5 and LE 7s.
The standard gamble was run for each health state by all three
methods (PE, LE 5, LE, ;5) with the order of the gambles from
least desirable to most desirable health state as ranked by the
subject. Utilities for the three methods were calculated as U=p
for PE, U=p/0.5 for LEy5 and U=p/0.75 for LE;s. Each
subject completed all 3 methods, thus the study design was a
crossed repeated measures design. A 48-hour “washout” period
between the PE and LE methods was used to account for the
carryover and learning effects.

RESULTS

Data were analyzed using the SPSSR and SASR systems,
versions 6.0. Forty-one of the 54 responses were usable. The
rest had utilities of >1.0 in the lottery methods; indicating that
these individuals were probably extremely risk-averse; prefer-
ring lottery A (in Figure 2) even if it involved a definite percent-
age of death, in order to avoid the chronic disease state (as was
verbalized by some of them). The reason for a moderate number
of subjects showing this predilection may be partially attribut-
able to their age group (20-40 years) and thus these disease
states may have seemed more “extreme” to them. As stated by
Verhoef et al in the context of risk attitudes with life years,
“. .. the aspiration level tends to decrease with increasing age,
which suggests that it is influenced by realistic expectations
about life expectancy.” (15)

The percentage of unusable responses could also be attrib-
uted to a limitation of the study, i.e., although the subjects were
asked to rank-order their preferences for the health states by
rating scale, the ranking of the preferences from most to least
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Table 1. Comparison of Mean (% Standard Deviation) Utility Values
from OSU Study with Sackett & Torrance (1978)

Sackett &

Health States U Torrance (1978) OSU (1996)

Contagious disease” n =192 n = 4]
0.16 = 0.28 0.28 = 0.20

Hospital dialysis n = 189 n = 41
0.32 £ 0.39 0.44 = 0.23

Home dialysis n = 187 n = 41
0.40 = 0.42 0.50 £ 0.24

¢ Differences between the two studies were significant at @ = 0.05.
There were no significant differences in the utility values of the other
two health states for the two studies.

desired was not independently obtained. It is recommended that
this ranking be done prior to the rating scale because there is
evidence (16) that there may be a preference reversal between
methods if subjects are not asked to explicitly state their rank-
ings, due to the cognitive complexity associated with the relative
ordering of several health states.

The study sample comprised 61% females and 39% male
undergraduate and graduate pharmacy students. The gender
distribution is representative of the pharmacy school enrollment.
The statistical power with 41 responses was about 0.9 (at an
alpha of 0.05 and a precision of 0.1) (17). All but 8 respondents
of the original 54 gave a rank-order of preference as home
dialysis > hospital dialysis > contagious disease.

A comparison of the PE utility values with utility values
reported in the literature by Sackett & Torrance for the same
three health states showed that these were not significantly
different at the 95% confidence level, except for the value for
contagious disease (Table 1). This result suggests the validity
of the standard gamble method under probability equivalence
in the current study. It should be noted, however, that the utilities
obtained in the present study were uniformly higher than those
from the previous study. This could be attributable to the demo-
graphics of the subjects, sample size or the change in attitudes
towards the health states in the 20 years separating the present
study from the earlier one.

Table 2 reports the means (and standard deviations) of the
utility values for each health state, obtained via all three meth-
ods. The values progressively increased from contagious disease
to hospital dialysis to home dialysis for each method, similar

Table 2. Mean (and Standard Deviation) Utility Values for Three
Health States Measured by Three Methods

Method of measuring utility (n = 41)

Health state PE® 1* LE, ;" 2% LE,s¢ 3%*
Contagious disease  0.28 = 020 041 = 0.28 051 = 0.30
Hospital dialysis 044 £ 023 054 028 0.62 = 0.28
Home dialysis 050 =024 063 £025 070027

Note: Utility values in columns with similar symbols were not signifi-
cantly different from each other, those with different symbols were
different. All tests were at a = 0.05.

¢ PE = probability equivalence.

b LEy45 = lottery equivalence with g = 0.75.

¢ LEys = lottery equivalence with ¢ = 0.5.
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to the trend reported in the literature (11). Data analysis using
ANOVA showed that for all three methods, the utility values
for the three health states were significantly different from each
other using Tukey’s multiple comparison method. All analyses
were at the 0.05 level.

The results also showed that the utility values for each
health state increased as the assessment probability decreased
from g=1 (PE) to ¢=0.75 (LEys) to ¢=0.5 (LEys), as seen
in Table 2 & Figure 3. This finding was exactly the reverse
of McCord and deNeufville’s findings. This particular finding
addressed the first two research objectives, i.e., regarding the
presence and direction of the certainty effect in health state
utility measures.

A comparison of the utility values obtained by the lottery
methods i.e., LEq s and LEg 55, showed that they were not signifi-
cantly different from each other, but were significantly different
from the utility values for PE. This further confirmed that there
could be a potential bias due to the certainty effect in PE
measurements, which was countered by the lottery methods as
indicated by the higher values for both LEys and LEg;s. The
lack of significant difference between the LE methods showed
that dependence on the reference probability was being elimi-
nated by the lottery methods. These results addressed the final
research objective, which was to explore the possibility of
countering the certainty effect using the lottery approach of the
standard gamble.

DISCUSSION

The results of this study indicate that the “certainty effect”
reported in the utility literature is potentially present in health
state utility measurements, albeit in the reverse direction, i.e.,
it appeared to undervalue utility values for chronic health states
which occurred with certainty. This directional effect has been
documented by Kahneman and Tversky in the psychology liter-
ature as the “reflection effect” (18). Also, as stated by the same
authors in their treatise on Prospect theory, this study found
that, “. .. the reflection effect implies that risk aversion in the
positive domain is accompanied by risk seeking in the negative
domain.” (18) Further, the lottery equivalence method proposed
in the literature appeared to eliminate the bias of the certainty
effect as indicated by higher utility values for each health state.
The similarity in utility values from the two lottery methods

1 -
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Note 1: The utility values increased from contagious disease to hospital dialysis to home dialysis,
a trend also reported in the literature.

Note 2: The utility values for each health state increased as the
from 1.0 (PE) to 0.75 (LEy7s) to 0.5 (LEys).

Fig. 3. Plot of utility values versus health states for three measurement
methods.

probability d

Law, Pathak, and McCord

suggested that the “certainty effect” bias was countered by the
lottery method. With the lottery equivalence method, Ss showed
less risk-seeking and were not so averse to chronic health state
lottery as they were to chronic health state certainty. This result
could be partially attributed to the possibility of avoidance of
the least desirable outcome, i.e., immediate death; a factor
explained by “regret theory.” (19,20).

Overall, this study showed the presence of differences
between the standard gamble methods under PE and LE indicat-
ing the possibility of a method effect. These results lead us to
suggest that the standard gamble under probability equivalence
as it is used in health status assessment, is not invariant with
changing parameters and thus the claim of it being the “gold
standard” needs further examination.

This study was an initial exploration into this area, and
the results are preliminary in nature. The results, however,
indicate that further exploration of the phenomenon of “cer-
tainty effect” with different parameters such as duration of
health state and different probability levels, are warranted. The
generalizability of this study would also be enhanced if the
study were extended with a larger and more diverse sample of
subjects selected from the general healthy, as well as dis-
eased populations.

APPENDIX 1:
The Allais paradox (8)

There are two decisions to be made.

Decision 1 A: Win $1 million with probability 1
B:  Win $2 million with probability 0.10
Win $1 million with probability 0.89
Win $0 with probability 0.01

Choose between A and B at this point.

Decision 2 C: Win $1 million with probability 0.11
Win $0 with probability 0.89
D: Win $2.5 million with probability 0.10
Win $0 with probability 0.90

Now choose between C and D

It has been noted that about 82% of subjects prefer A over
B and 83% prefer D over C. However, this contradicts the
normative choice by the maximization of expected utility as is
demonstrated below.

Let U(0) = 0 and U(2,500,000) = 1 since they are the
worst and best outcomes.

Then EU(A) = U($1 million)
EU(B) = 0.10 + 0.89 * U($1 million)
Thus A will be preferred to B if and only if
U($1 million) > 0.10 + 0.89 * U($1 million)
or
U($1 million) > 0.91

Now, for decision 2,

EU(C) = 0.11* U($1 million)

EUMD) = 0.10
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Therefore, D is preferred to C if and only if U($1 million) <
0.91. Since U($1 million) cannot be both greater than and less
than 0.91 at the same time, thus choosing A and D is not
consistent with expected utility. This inconsistency has been
attributed to the fact that outcomes which occur with certainty
are overvalued, i.e. the certainty effect.
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