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Summary

This dissertation deals with the comparison of two different measurement mo-
dels for calculating scores for patients that respond to questions of multi-item
questionnaires on multiple measurement occasions. Two measurement mo-
dels are compared: Classical Test Theory (sum-scores) and Item Response
Theory (latent variable scores). The aim of the current project was to compare
the two scoring methods and their influence on the parameter estimates of the
longitudinal model (structural model). The general idea behind the compari-
son is that the way scores are constructed influences the parameter estimates.
By using the CTT model, part of the variance that is available in the patient’s
response pattern will be lost due to the aggregation of the item scores into a
sum score. When IRT is used, the variance in the response patterns is fully
utilized, and consequently, the structural model parameter estimates will be
more accurate. In the current dissertation, different scenarios are investiga-
ted where the differences between the IRT and CTT based score construction
for questionnaires are shown in terms of bias of the regression coefficients of
longitudinal models.

The first challenge that needed to be addressed was a scaling issue. A
method was developed to enable the comparison of results from both mea-
surement models. In Chapter 2, this method is described. The general idea
is to use rescaled plausible values as construct scores to enable the direct
comparison of the structural longitudinal model parameter estimates. A first
simulation study is presented in which the number of items, sample size, and
the distribution of the outcome variable was varied over 273 different simulation
conditions. Data was simulated for 6 measurement occasions. The retrieval
of the simulated variance components was evaluated by comparing the esti-
mates to the true values. It was found that over all conditions, IRT performs
much better in retrieving the true parameter values of the structural model.
The differences between the performance of the IRT and CTT model become
gradually larger with the increasing skewness of the scores. The results show
that using sum scores leads to a consequent overestimation of the within per-
son variance (error variance) and an underestimation of the between person
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variance.
The comparisons from Chapter 2 are limited in the sense that they only

take into account the clustering in the data, while in longitudinal research of-
ten time effects are of interest. In epidemiological research, observational
cohort studies are frequently used to study the development of patient’s traits
over time. Repeatedly administered questionnaires are used to measure latent
(not directly observed) health constructs (e.g. coping with diseases, depres-
sion, anxiety). To model the longitudinal development of latent construct, often
a linear trend is to simplistic because non-linear individual trajectories are pre-
sent in the data. In Chapter 3, the comparison was extended to latent growth
models (LGM) with second order growth effects. In a simulation study and
two extensively described real life data examples, it was shown that when IRT
was used to estimate the individual trajectories, a more detailed description of
individual change over time resulted from the analysis. The response patterns
contain more information compared to the sum scores and this impacts the
bias in the parameter estimates of the latent growth model.

In medical research, studies are frequently designed as randomized con-
trolled trials (RCTs) and the primary interest of the study is to investigate whe-
ther an intervention or a drug has an effect on the outcome variable. The
outcome variable is often a patient reported outcome (PRO) and measured
using a questionnaire. In practice, sum scores are mostly used, despite the
loss of variance. In Chapter 4, the negative effects of using sum scores in
RCTs is demonstrated. Using an empirical dataset from a RCT on low back
pain treatment, the effects are calculated using IRT scores as well as sum
scores. The plausible value method for comparing the parameter estimates of
the structural model was extended to incorporate a linear slope and interac-
tion effects. Based on the empirical study, a simulation study was performed
showing the direction and magnitude of the bias in the parameter estimates.
The study showed that the bias in RCT results is conditional on the measure-
ment model that was used for score construction. The bias in the trend esti-
mate resulting from using CTT scores, showed a bias of around one standard
deviation. When the IRT scores were used, the parameters of the structural
model showed negligible bias.

Thus far, all comparisons were made using complete datasets. In Chap-
ter 5, the comparison is extended to the situation where item responses are
missing. Comparisons are made between IRT and CTT modeling in several
missing data situations. In three simulation studies, the effect of missingness
on the differences between IRT and CTT modeling was investigated in seve-
ral different missing data conditions using various CTT imputation techniques.
The results from the study show that the parameter estimates for the latent
growth model using IRT show less bias compared to the estimates using sum
scores.



167

The comparisons that were presented in Chapter 2 through 5 all assume
unidimensionality of the lower-level construct. In Chapter 6, a multivariate mul-
tilevel IRT (HIRT) model is proposed for constructs that are measured multiple
times. The constructs are allowed to correlate at the cluster-level (patient-
level). At the highest level, a multivariate component is assumed that accounts
for the time-invariant effects of the patient that is measured over time. The
HIRT model can be applied when the lower-level unidimensionality assump-
tion is insufficient. It can be used to investigate the higher-level dimensionality
when for example, a subset of items is administered over time or when adapta-
tions of the questionnaire over time influences the dimensionality of the data.

To conclude, when it comes to calculating scores for patients based on
their responses to the items of a questionnaire, IRT modeling is preferred over
CTT modeling. A broad range of simulation studies and applied data examples
were presented in which using the CTT scores to estimate the parameters of
a longitudinal model led to substantial bias. For future research it is important
to take into account the bias that is associated with using sum scores as a
measure for latent constructs when analyzing longitudinal questionnaire data.




