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Preference Assessment Method Affects
Decision-Analytic Recommendations:
A Prostate Cancer Treatment Example

Elena B. Elkin, PhD, Mark E. Cowen, MD, Daniel Cahill, MD,
Mary Steffel, Michael W. Kattan, PhD

Purpose. To evaluate the effect of preference assessment
method on treatment recommended by an individualized
decision-analytic model for early prostate cancer. Methods.
Health state preferences were elicited by time tradeoff, rating
scale, and a power transformation of the rating scale from 63
men ages 55 to 75. The authors used these values in a Markov
model to determine whether radical prostatectomy or watch-
ful waiting yielded the greater quality-adjusted life expec-
tancy. Results. Time tradeoff and transformed rating scale
recommendations differed widely. Time tradeoff and trans-
formed rating scale utilities differed in their treatment recom-

mendation for 21% to 52% of men, and the mean difference
in quality-adjusted life years varied from less than 0.5 to
greater than 1.0. Conclusions. Treatment recommendations
from the prostate cancer decision model were sensitive to the
method of preference assessment. If decision analysis is used
to counsel individual patients, careful consideration must be
given to the method of preference elicitation. Key words:
preference assessment method; decision-analytic model;
prostate cancer; time tradeoff; rating scale; quality-adjusted
life expectancy. (Med Decis Making 2004;24:504–510)

Choosing a treatment option can be an arduous task
for someone diagnosed with a life-threatening ill-

ness. Decision-analytic models have been developed to
support the decision process by providing a formal and
explicit framework for making choices. When the pri-
mary outcome of a decision model is quality-adjusted
life expectancy, survival must be weighted by some
measure of health-related quality of life.

Two common methods of obtaining weights for
quality adjustment of life years are the rating scale (RS)
and time tradeoff (TTO).1 TTO is considered by some
researchers to be the more valid method of preference
assessment because the tradeoff between length and

quality of life best reflects the real-world choices
involved in selecting certain treatments.2 TTO is also
appealing because it has some basis in utility theory, al-
though it does not involve consideration of uncertain
outcomes. However, as trading life years for improve-
ment in health is a task unfamiliar to most people, pref-
erences might be imprecise.3

RS techniques, derived from the field of psycho-
metrics, are considered more feasible for assessing
health-related quality of life because they are simple
and easily self-administered.4 However, RS may be in-
appropriate in situations that involve trading length of
life or the probability of survival for an improvement in
health because its unit of measurement is arbitrary.2 RS
is also subject to systematic biases, such as avoidance
of the extreme ends of the scale.3 Although RS values
might indicate preferences, they are generally not con-
sidered true “utilities,” as they have no basis in
expected utility theory.

In response to systematic biases in preferences elic-
ited by RS, Torrance and colleagues have suggested a
power transformation of RS values.5 At the group level,
mean transformed rating scale (TRS) values appear
more similar than RS values to average utilities elicited
by the TTO and standard gamble, a method of prefer-
ence assessment grounded in utility theory.
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Because preferences often vary with the method of
elicitation, a critical question for decision analysis is
whether the method of preference assessment affects
the decision-analytic recommendation. If the decision-
analytic treatment recommendation for an individual
is the same whether health state preferences are elic-
ited by TTO or by RS, one could argue that choice of
preference assessment method is not very important.
However, if the recommended treatment strategy de-
pends on the preference assessment method used, a
considerable problem arises because a plurality of
methods are used and advocated.

The purpose of this study was to examine whether
the method of preference assessment affected the rec-
ommendation of a decision analysis. We obtained pref-
erence weights for 5 health states using 3 different
methods: TTO, RS, and a power transformation of the
RS. We inserted each set of values into a published de-
cision model for the treatment of clinically localized
prostate cancer and identified the preferred treatment
strategy. We then compared the decision-analytic treat-
ment recommendations obtained using the quality-
adjustment weights of each of the 3 sets.

METHODS

We elicited preference weights from a convenience
sample of 63 men between the ages of 55 and 75 who
did not have known prostate cancer. These men were
all patients in general medicine practices in Michigan.
For each subject, the same interviewer read descrip-
tions of 5 health states: prostate cancer managed expec-
tantly (“watchful waiting”), hormonally responsive
metastatic cancer, hormonally refractive metastatic
cancer, treatment-related incontinence, and treatment-
related impotence. Preference weights were elicited
with the aid of computer software (Sonnenberg FA, U-
Maker 1.0, Microcomputer Utility Assessment Pro-
gram, 1993) using the TTO and RS methods.6 In addi-
tion to the preference weight elicitations, data were
collected on subjects’ sociodemographic characteris-
tics, current medical conditions, and smoking status.
Subjects were also asked to complete a general health
status questionnaire and 2 symptom-specific instru-
ments addressing urinary function and sexual
function.

The TTO assesses the amount of time in a particular
health state the respondent would be willing to forgo to
live fewer years in perfect health. The more undesir-
able the health state is perceived to be, the more time a
respondent should be willing to give up to avoid that
state. To compute a person’s utility for a given health
state, the number of life years traded for perfect health

was divided by the person’s life expectancy based on
age and race.7 The quotient was then subtracted from 1.
For example, a man who would forgo 1 of 10 years of re-
maining life expectancy with urinary incontinence in
exchange for perfect health has a utility of 0.90 for the
state of urinary incontinence. In other words, for him,
10 years with urinary incontinence and 9 years in
perfect health are equal.

The RS asks the patient to evaluate his health on a
scale from 0 to 100, where 0 represents dead and 100
represents perfect health. We used a visual analog scale
in which the continuum from death to perfect health
was represented by a straight line anchored at 0 (death)
and 100 (perfect health). Subjects were asked to indi-
cate points on the line that reflected the position of
each health state along the continuum. Each subject
placed all health states on a single visual analog scale,
and the values corresponding to points on the line were
divided by 100 to produce quality-adjustment weights.

Transformed rating scale utilities were calculated
using a power transformation given by the equation:
TRS = 1 – (1 – RS)!, where TRS is the transformed rating
scale utility and RS is the raw rating scale value. We as-
sumed that ! was equal to 2.29, the value suggested by
Torrance and colleagues,8 but varied this assumption
in sensitivity analysis.

We inserted each set of preferences into a decision-
analytic model of treatment for early prostate cancer.9

The model simulated the sequelae of 2 treatment op-
tions—watchful waiting and radical prostatectomy—
among men who present initially with clinically local-
ized prostate cancer. Over time, disease could progress
to hormonally controlled metastases, then to hormone-
refractory disease, and ultimately to cancer death. Af-
ter radical prostatectomy, additional morbidity was
possible from 2 iatrogenic outcomes: impotence and
incontinence. The probability of cancer progression,
derived from studies of watchful waiting10 and radical
prostatectomy,11 depended on the grade of the tumor at
biopsy. The probability of noncancer death was a func-
tion of patient age and the presence of coexisting con-
ditions.12 Additional details, including specific transi-
tion probabilities, have been published elsewhere.13

We obtained a total of 9 treatment recommendations
for each subject, based on the decision-analytic model.
For each of the 3 sets of preference weights (TTO, TRS,
RS), we analyzed the model 3 times, assuming that the
patient’s tumor grade on biopsy was well, moder-
ately, or poorly differentiated. Patient-specific infor-
mation regarding age and comorbidities was used in
the decision-analytic model. For all recommendations,
the optimal treatment strategy (radical prostatectomy
or watchful waiting) was the one that yielded the
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greater number of expected quality-adjusted life years
(QALYs).

Mean health state utilities were calculated for each
preference assessment method. We compared the rank
order of health states by TTO and TRS using
Spearman’s rank correlation coefficient.14 We also eval-
uated the within-subject correlation between TTO and
TRS for each of the 5 health states using Spearman’s
rank correlation coefficient. Since each within-subject
Spearman correlation coefficient was estimated from a
very small number of observations (n = 5 per subject),
the t distribution used for determining statistical sig-
nificance was not a good approximation of the sam-
pling distribution of the test statistic.15 Therefore, in-
stead of performing tests for statistical significance, we
compared within-subject Spearman correlation coeffi-
cients to a critical value of 0.90, indicative of strong
rank order correlation.

We performed 3 two-way comparisons to evaluate
agreement between treatment recommendations gen-
erated by each preference assessment method, strati-

fied by tumor grade. Among subjects whose decision-
analytic treatment recommendations varied with util-
ity assessment method, we examined the difference in
QALYs between watchful waiting and radical prosta-
tectomy. All analyses were performed using SAS
version 8.1 (SAS Institute, Cary, NC).

RESULTS

The mean age of the study group was 65.5 years (Ta-
ble 1). A majority of subjects were white, married, and
had received education beyond high school. Seventy-
three percent of the sample reported at least 1 medical
condition, and 59% were current or former smokers.

Mean preference weights generated by each assess-
ment method are shown in Table 2. For 3 of the 5 health
states, RS weights were lower than those generated by
TTO. For all health states, TRS yielded preference
weights that were substantially higher than those
yielded by RS and TTO. There were no statistically sig-
nificant differences between the mean weights as-
sessed by each method.

Averaged across the entire sample, the TRS and TTO
produced the same rank ordering of health states. How-
ever, only 2 (3%) of the 63 study subjects had TRS and
TTO scores that yielded identical rank ordering of
health states. Of the 5 health states evaluated, only im-
potence demonstrated a significant rank order correla-
tion between TRS and TTO (Table 3), with a Spearman
coefficient of 0.35. The mean within-subject Spearman
coefficient was 0.57, and the median was 0.67. Only
26% of within-subject Spearman coefficients were
greater than or equal to 0.90.

In general, we found considerable disagreement in
decision-analytic treatment recommendations by util-
ity assessment method (Table 4). The TTO and RS ex-
hibited the least agreement of the 3 possible compari-
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Table 1 Characteristics of the Study Population

n %

Marital status
Currently married 53 84
Not married 10 16

Education
High school or less 17 27
>High school 46 73

Annual income
<$30,000 18 29
"$30,000 45 71

Smoking status
Never 26 41
Current or former 37 59

Self-reported race
White 42 67
African American 19 30
Hispanic 1 2
Asian 1 2

Medical conditionsa

None 17 27
1 16 25
2 14 22
3 or more 16 25

Note: The mean age was 65.5 (s = 6.3) years.
a. Self-reported medical conditions include diabetes, heart attack, angina,
congestive heart failure, stroke, lower extremity circulatory problems,
asthma, emphysema, stomach ulcer, irritable bowl syndrome, kidney dis-
ease, major depression, seizures, alcoholism, drug problems, and other
cancer.

Table 2 Prostate Cancer Health State Utilities

Rating Time Transformed
Scale Tradeoff Rating Scale

Health State x s x s x s

Watchful waiting 0.67 0.23 0.72 0.25 0.86 0.22
Impotence 0.61 0.22 0.71 0.22 0.83 0.18
Incontinence 0.48 0.24 0.62 0.27 0.71 0.23
Metastatic, hormone

responsive 0.47 0.17 0.47 0.25 0.73 0.22
Metastatic, hormone

refractory 0.24 0.16 0.19 0.16 0.43 0.27



sons, whereas RS and TRS exhibited the greatest
agreement. Tumor grade had little effect on agreement
between treatment recommendations.

Agreement between decision-analytic treatment
recommendations based on TRS and TTO utilities was
not sensitive to the value of ! in the transformation
function (Figure 1). For values of ! between 1.5 and 3.0,
agreement of recommendations was between 55% and
65%, independent of tumor grade.

In cases in which the decision model recommended
watchful waiting with one set of preference weights
and radical prostatectomy with another, we examined
the difference in QALYs between the 2 treatment strate-
gies (Figures 2a–2c). The greatest mean difference—1.4
QALYs—was seen in the TTO versus TRS comparison,
in patients with well-differentiated prostate cancer.
For some subjects, in well- or moderately differentiated
cancer, the difference between treatment recommenda-
tions was as great as 3 QALYs. The TTO versus RS com-

parison yielded the smallest difference in QALYs
within each level of tumor grade. In all comparisons,
QALY differences were smallest for poorly differenti-
ated cancer since this scenario yielded the lowest
absolute number of QALYs, regardless of quality
adjustment weights.

DISCUSSION

In this study, we evaluated the impact of preference
assessment methods on the outcome of a decision-
analytic model. For at least half of the men in our sam-
ple, a decision-analytic model for early prostate cancer
yielded divergent treatment recommendations, de-
pending on the preference assessment method used.
Although these subjects were not actually facing the
modeled decision at the time they participated, our
findings raise concerns about the ability of individual-
ized decision models to guide treatment choices.
Which preference assessment method, if any, should
be used to counsel men facing a decision between
watchful waiting and radical prostatectomy? We are
not sure, but the choice clearly matters in this situation
and certainly in other diseases and treatment decisions
as well.

Our analysis did not appear to reveal systematic dif-
ferences among preferences assessed by TTO, RS, and
TRS, nor did it indicate systematic biases in the result-
ing decision-analytic treatment recommendations.
Previous studies provide conflicting characterizations
of the relationship between TTO and RS techniques.
Torrance proposed a power function to explain the re-
lationship between group averages of TTO and RS
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Table 3 Rank Order Correlation of Time Tradeoff
and Transformed Rating Scale

Utilities by Health State

Health State
Spearman Correlation

Coefficient (#) P

Watchful waiting 0.14 0.26
Impotence 0.35 <0.01
Incontinence 0.22 0.17
Metastatic, hormone responsive 0.10 0.45
Metastatic, hormone refractory 0.17 0.18

Table 4 Concordance Between Model
Recommendations

Agreement
Comparison Tumor Grade (%)a

Time tradeoff Well differentiated 51
versus rating scale Moderately differentiated 48

Poorly differentiated 65
Time tradeoff Well differentiated 56
versus transformed Moderately differentiated 60
rating scale Poorly differentiated 54

Rating scale versus Well differentiated 57
transformed Moderately differentiated 79
rating scale Poorly differentiated 73

a. Percentage agreement reflects the proportion of subjects for whom the
decision model recommends the same treatment (watchful waiting or radi-
cal prostatectomy) with health state utilities assessed by the 2 methods
compared.
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scores.16 Alternatively, O’Leary and colleagues sug-
gested that a plateau model better represents the rela-
tionship between methods because it captures the fact
that many people are unwilling to tradeoff any time,
even while assigning RS values less than 100.4 Neither
Torrance nor O’Leary and colleagues found a
systematic relationship between techniques at the
individual level.

O’Leary and colleagues4 and Souchek and col-
leagues,17 as well as numerous other investigators, ob-
served that TTO values tend to be greater than RS val-
ues at the group level. In a study of men with advanced
prostate cancer, Souchek and colleagues found a
within-subject Pearson correlation coefficient of 0.76
between methods after standardizing scores. At the in-
dividual level, they found that RS values were more
highly correlated with the patients’ explicit rank order-
ing of health states than were TTO values. Bleichrodt
and Johannesson observed the opposite.3

In addition to our small sample size, an important
limitation of this analysis is our exclusion of the stan-
dard gamble (SG) method of preference elicitation. Of
all available preference elicitation methods, only the
SG yields utilities consistent with the axioms of ex-
pected utility theory.16 Moreover, the SG reflects the
risk and uncertainty inherent in clinical decisions.1,18,19

Critics of the SG method cite ample evidence that intel-
ligent decision makers regularly violate the axioms of
expected utility theory,20–23 suggesting that conformity
with these axioms is a poor criterion for selection of a
preference assessment method.

Comparisons between preferences elicited by SG
and those elicited by other methods have produced
mixed findings. Torrance and colleagues1 and Read
and colleagues24 found a Pearson correlation coeffi-
cient of 0.65 between SG and TTO utilities. Hornberger
and colleagues25 found a much poorer correlation be-
tween the SG and TTO and between the SG and RS,
with Spearman correlation coefficients of 0.31 and
0.14, respectively. Using linear regression, Wolfson
and colleagues26 found a stronger association between
the SG and TTO (r 2 = 0.84) than between the SG and RS
(r 2 = 0.76). They also found that SG utilities were con-
sistently the highest of the 3 methods, with TTO utili-
ties slightly lower and RS values the lowest. Read and
colleagues24 found a similar pattern, although Dolan
and colleagues27 found that SG utilities were generally
lower than those obtained by TTO.

Read and colleagues compared RS and SG values,
elicited from a sample of 60 physicians, in a “didactic
decision model” of surgical versus medical therapy for
coronary artery disease.24 They found that for 60% of
subjects, the treatment recommended by the decision
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Figure 2 Box plots showing mean (dashed line), median (solid
line), interquartile range (shaded box), 90th and 10th percentiles
(whiskers), and outliers (circles) for absolute value of difference in
quality-adjusted life years (QALYs) between treatment recommenda-
tions (watchful waiting and radical prostatectomy) with different sets
of utilities, in cases in which recommendation varied with utility as-
sessment method, assuming prostate cancer is (a) well differentiated,
(b) moderately differentiated, and (c) poorly differentiated.

Note: TTO = time tradeoff; TRS = transformed rating scale; RS = rating
scale.
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model varied with the method of preference assess-
ment. Compared with our analysis, their study design
was considerably different, wherein subjects evaluated
health state probability and duration combinations,
rather than the health states alone, as was the exercise
in our study. We cannot say how SG utilities
would compare with the other methods evaluated
here with regard to decision-analytic treatment
recommendations.

It is notable that only 2 of the 63 subjects in our study
gave TTO and TRS utilities that exhibited identical
rank ordering of health states. Although mean utilities
for the sample produced identical rank ordering for
both preference assessment methods, within-subject
rankings were highly inconsistent. The substantial dis-
agreement in treatment recommendations between RS
and TRS values, despite identical within-subject rank
order of health states, further illustrates the sensitivity
of the decision-analytic treatment recommendation to
utility values.

We found that agreement between decision-analytic
recommendations based on TTO versus TRS utilities
was not sensitive to the power function used to esti-
mate TRS from utilities from RS values. The range of
exponents we evaluated—1.5 to 3.0—includes values
estimated in other studies,4,5,16,26,28–30 although at least
one study estimated much higher exponents of 4.5 and
20.9 in 2 different samples.31

The high rate of rank order inconsistency between
RS and TTO values prompts some concern about our
subjects’ understanding of the preference assessment
exercise. Logic errors in preference elicitation, such as
assigning a higher utility to an obviously poorer health
state, are quite common.17,32,33 Although our RS task
asked each subject to place all health states on a com-
mon RS, we did not explicitly ask the subject to rank
the health states. However, given that our RS task
closely resembled a ranking activity, it seems that the
TTO did not provide utilities consistent with a simple
ranking by the subject.

In an effort to inform clinical policy and societal re-
source allocation, decision-analytic methods have
been widely used to evaluate the long-term, uncertain
outcomes of medical interventions at the group level.
Such analyses rely heavily on preference assessment to
quantify the effect of interventions on health-related
quality of life. Findings from the current study, as well
as previous research, suggest that different methods of
assessment produce health state preferences with
identical rank ordering and similar magnitude when
averaged across a group. However, as we have shown
previously, decision-analytic recommendations based

on group-level utilities often conflict with individual-
level treatment recommendations.34

Less frequently, formal decision analysis has been
brought directly to the bedside as an instrument of
shared decision making.35–38 Our current finding, that
individualized decision-analytic recommendations
vary considerably with the method of preference as-
sessment, suggests that such decision aids may be
heavily dependent on the method of preference as-
sessment. It should be emphasized that we examined
only a single decision analysis of treatment for clini-
cally localized prostate cancer, and the general-
izability of our findings to other medical decision analy-
ses is unknown. Although cost-effectiveness analysts
routinely perform sensitivity analysis to assess the im-
pact of health state utility weights on incremental cost-
effectiveness ratios, we identified only 1 prior study24

that explicitly evaluated the sensitivity of decision-
analytic treatment recommendations to the method of
health state preference assessment. Further research is
warranted to understand the validity and reliability of
individual health state preferences assessed by differ-
ent methods and their impact on decision-analytic
treatment recommendations.
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