EDITORIAL

Modeling Subjective Health Outcomes
Top 10 Reasons to Use Thurstone’s Method

Alberto Maydeu-Olivares, PhD,* and Ulf Bockenholt, PhD7

here is an increasing interest in measuring subjective health outcomes and in this issue

of Medical Care, Krabbe' provides us with a much needed discussion of the potential
usefulness of Thurstone’s approach for quantifying subjective health outcomes using
ordinal information, such as rankings. As pointed out eloquently by Krabbe, Thurstone’s
articles,” have had a tremendous influence on the development of methods for collecting
and analyzing evaluative judgments in the form of preferences, attitudes, or more
specifically, health outcomes. In fact, it is our view that Krabbe’s discussion is rather
modest. We feel more exuberant and present a list of top-10 reasons for using Thurstonian
models. Although presented separately, these reasons should be viewed in conjunction
because in this way they demonstrate the power and generality of this approach for
studying and understanding evaluative judgments.

For many years, it was not possible to apply Thurstone’s model in its full generality
because of computational limitations. In technical terms, given rankings of p health
outcomes p-1 dimensional integration over a normal distribution is needed if the model is
to be estimated by maximum likelihood. Before the computer revolution, this integration
was unfeasible and when Thurstone proposed his model more than 80 years ago only
univariate integration could be done. Having been trained as an engineer, Thurstone”
proposed an effective 2-stage estimation procedure that has been the skeleton upon which
most classic research on Thurstonian models have been built.* Krabbe discusses this
method very nicely. Given the proportions by which one health outcome is preferred over
another (the P matrix in Krabbe’s article), one obtains the corresponding normal deviates
(Z values) by univariate integration. Then, the parameters of the model are obtained from
the Z values by minimum distance methods. If only univariate integration is to be
performed, only highly restrictive versions of Thurstone’s general model can be estimated
(such as the so-called Case V model considered by Krabbe).

Fortunately, these computational limitations are now overcome and Thurstone’s
model can be estimated in its full generality. As a result, the applicability of this approach
has widened tremendously as our list of top-10 reasons illustrates. To put it bluntly, we are
comparing a 1930s model car to the latest model when we look at Thurstone’s classic Case
V representation with its unrestricted counterpart. Still, the basic advantages of Thurst-
one’s models should not be dismissed as illustrated by Krabbe, and our list of reasons
highlights a number of them before we discuss the current capabilities of a Thurstonian
analysis.

Reason 1. [t is easy for respondents. Asking individuals to rate all outcomes under
investigation on a sufficiently fine scale is cognitively a complex task and casts much
doubt as to the reliability of such ratings. On the other hand, comparing outcomes requires
less cognitive effort on the side of the respondents. One of the simplest approaches to
gather comparative information is to solicit rankings of the health outcomes. In this case,
health outcomes are compared directly with each other and not to the endpoints of a rating
scale, which is both more meaningful and less sensitive to possible contextual effects
induced by the use of arbitrary labels on a rating scale.
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Reason 2. Inconsistencies can be modeled. Both the
use of ratings and rankings assume that respondents can order
the health outcomes. This need not be so. Rather, because the
evaluation of health outcomes is a complex task, it is prone to
inconsistent judgments. Inconsistent judgments may be investi-
gated using partial ranking techniques, such as the method of
paired comparisons. Thurstone’s model can be a useful diagnos-
tic tool in both identifying and representing inconsistent judg-
ments.” Specifically, it allows diagnosing health outcomes
which are difficult to compare and identifying respondents who
are systematically inconsistent and may have difficulties in
evaluating health outcomes. To the best of our knowledge, this
important individual-difference variable has received no atten-
tion in research involving medical applications.

Reason 3. Both health outcomes and individuals may
be scaled. In addition to scaling health outcomes as illustrated
by Krabbe (ie, estimating a metric scale for the outcomes),
Thurstonian methods allow the scaling of individual respon-
dents as well. Thus, although respondents need to provide only
ordinal information, it is possible to estimate their underlying
continuous responses. This approach seems more effective than
asking respondents directly to provide a continuous rating
which—because of its artificial nature—can be a challenging
task. The estimated individual judgments can be used
effectively in identifying the determinants of the subjective
evaluations.

Reason 4. [t is a realistic and rich modeling frame-
work. In economics terms, Thurstone’s model is a random
utility model that assumes: (1) a utility maximization process
within individuals, and (2) that the distribution of the utilities
across individuals is normal. The parameters of the general
Thurstonian model are the means in the population of the
individuals’ preferences for each health outcome (or mean
utilities in economics terms), the variances of these prefer-
ences for each health outcome, and the covariances among
preferences for different health outcomes. In applications, all
these parameters are of interest. Thus, the utilities’ variances
provide us with valuable information about the degree to
which respondents differ in their evaluation of health out-
comes, whereas the covariances provide us with valuable
information about the perceived similarity between health
outcomes.

Reason 5. Underlying (hidden) determinants of the
valuations may be discovered. When the number of outcomes
to be judged is large we often wish to find a small set of
underlying dimensions that account for the individual differ-
ences in the evaluative judgments. The position of the health
outcomes can be depicted graphically along these dimen-
sions, which allows for an easy interpretation of the under-
lying similarity structure of the health outcomes.®

Reason 6. It is easy to do. Thurstonian models for
rankings of health outcomes can be easily estimated using
standard structural equations modeling (SEM) programs with
capabilities to perform mean and covariance structure analy-
sis from ordinal data. The software Mplus,7 for instance, has
these capabilities, and Maydeu-Olivares and Bockenholt®
provide code to estimate an array of Thurstonian models
ranging from the unrestricted model to the most restrictive
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one (the so-called Case V model). Also, using SEM software
greatly simplifies the scaling task. For instance, the mean utili-
ties for the “death” and “perfect health” health states can be
directly fixed to 0 and 1 to set the scale for the utilities of all
other states. No reparameterization or normalization is needed.

Reason 7. The validity of the inferences can be tested.
SEM programs provide goodness-of-fit tests’ that provide
information about the validity of the assumptions used and
about the inferences drawn on the measurement of health
outcomes. Thus, for example, a researcher can test easily
whether the distributional assumptions are consistent with the
data or whether judgments are reliable in their repeated
evaluation of the items.

Reason 8. Prior information about the health outcomes
and/or the respondents can be incorporated into the model.
For instance, if a EQ-5D classification'® has been used to
derive the health states, this structure can be incorporated into
a SEM model to determine the effect of each attribute level
on the mean utilities.

Reason 9. Nested and crossed sampling structures can
be incorporated. Thurstonian models may be viewed as 2-level
models'! (responses are nested within respondents). Further
hierarchies may be included (individuals may be nested within
countries) which would lead to a 3-level model. Alternatively,
time may be included as a third level in the hierarchy.

Reason 10. Numerous research opportunities! By adopt-
ing a SEM approach, covariates may be included to explain
individual differences in the valuations of the health outcomes,
attitudes may be modeled simultaneously with the valuations,
etc. An array of modeling opportunities and hence new substan-
tive questions arise, many of which have not been explored up
to now. When only valuations are being modeled, Maydeu-
Olivares and Bdckenholt provide a flow chart to guide research-
ers in selecting the appropriate model within the Thurstonian
class. Thus, one should start investigating whether an unre-
stricted model provides a good fit to the data. If this is not the
case, then probably the implicit assumption of a population
homogeneous in its preferences for health outcomes is violated,
and separate models for different subpopulations are needed. If,
on the other hand, an unrestricted model provides a good fit, then
it is worth investigating whether a model with independent
utilities fits the data, as it is more parsimonious. We conjecture
that in modeling health states this independence assumption is
likely to be violated. If so, it may be possible to fit a dimensional
model to the covariance structure (ie, a factor model) as these
models facilitate the interpretation of the individual preferences’
structure. Finally, if a satisfactory fit of a Thurstonian factor
model is obtained, then a model where the mean utility values
for the health states depend on the factors should be investigated.
A satisfactory fit of this model provides an attractive interpre-
tation about the source of the mean utilities.

In summary, Thurstonian models offer researchers an
extremely powerful framework within which to not only mea-
sure—but also understand the source of—subjective health
outcomes. Interest in the Thurstonian class of models is thriv-
ing'?"'® and we believe that by utilizing the full analytical power
of these models the best is yet to come.
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