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JAKOB BUE BIJORNER
QUALITYMETRIC INCORPORATED, LLC
UNIVERSITY OF COPENHAGEN
NATIONAL RESEARCH CENTRE FOR THE WORKING ENVIRONMENT

The PROsetta Stone Project, summarized in this issue by Schalet et al. (Psychometrika 86, 2021),
is a major step forward in enabling comparability between different patient-reported outcomes measures.
Schalet et al. clearly describe the psychometric methods used in the PROsetta Stone project and other
projects from the Patient-Reported Outcomes Measurement Information System (PROMIS): linking based
on unidimensional item response theory (IRT), equipercentile linking, and calibrated projection based on
multidimensional IRT. Analyses in a validation data set and simulation studies provide strong support that
the linking methods are robust when basic assumptions are fulfilled. The links already established will
be of great value to the field, and the methodology described by Schalet et al. will hopefully inspire the
next series of linking studies. Among potential improvements that should be considered by new studies
are: (1) a thorough evaluation of the content of the measures to be linked to better guide the evaluation
of measurement assumptions, (2) improvements in the design of linking studies such as selection of the
optimal sample to provide data in the score ranges where linking precision is most critical and using
counterbalanced designs to control for order effects. Finally, it may be useful to consider how the linking
algorithms are used in subsequent data analyses. Analytic strategies based on plausible values or latent
regression IRT models may be preferable to the simple transformation of scores from one patient at the
time.
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1. Introduction

The “Tower of Babel” problem for patient-reported outcome measures (PROMs) was explic-
itly stated more the 30 years ago (Mor and Guadagnoli 1988; van Knippenberg and Haes 1988).
In 1988, according to the authors, PROMs had proliferated without a uniform approach, without a
clear conceptual framework, and with only limited agreement on the definition of core concepts.
All these factors hindered the comparison of scores. Since then, the proliferation of PROMs has
only increased. Luckily, the conditions for overcoming the Tower of Babel problem have improved
as well. While the field has not agreed on one overall conceptual framework, there is practical
agreement on a number of core concepts, the field has established standardized methods for achiev-
ing content validity, and there is increasing alignment on ways to phrase questions and response
choices. Last, but not least, methods to link scores from different PROMs have been imported and
adapted from educational testing. The excellent paper by Schalet et al. (2021) describes the steps
taken when using the current standard: linking based on unidimensional item response theory
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(IRT) models. Also, useful comparisons are made with other approaches: equipercentile linking
and calibrated projection. The authors’ careful empirical analysis convincingly demonstrates that
when basic assumptions are fulfilled, the three approaches concur and these results are reason-
ably robust in a new data set. Further, Schalet et al. use simulation studies to identify situations
where equipercentile linking or calibrated projection may be better choices for linking. These
excellent analyses and clear results leave little to add regarding the psychometric work. Instead, I
will comment on some issues around this solid psychometric foundation: that a content analysis
may be a helpful supplement to correlations and factor analyses in evaluating unidimensionality
(Sect. 2), that an optimal design of the linking study may help make the results more robust
(Sect. 3), and that if the ultimate aim of the linking study is to enable better group comparisons,
there may be alternative approaches to linking the score from each individual participant (Sect.
4).

2. Content Analysis

In their analysis of sufficient unidimensionality of the measures to be linked, Schalet et
al. rely on score correlations supplemented by confirmatory factor analyses. They cite Dorans
(2004) for using 0.866 as a lower bound for an acceptable correlation, but note that correlations
in the range of 0.70 to 0.85 may be acceptable if the purpose is to enable group comparisons. I
would argue that content analysis may add insight into whether two measures can be linked and
in what situations linking may be problematic. Table 1 presents results of a content analysis of
the two measures linked by Schalet et al.: the PHQ-9 (Kroenke et al. 2001) and the PROMIS
depression item bank (Pilkonis et al. 2011). I used the DSM-IV (2000) depression criteria as
the organizing framework, since the PHQ-9 was built to reflect these criteria (Kroenke et al.
2001). However, while the developers of the PROMIS item bank were well aware of the DSM-
IV depression criteria, they also relied on other conceptual frameworks and patient interviews
in the item bank development. Also, some subdomains, like fatigue and sleep, are covered by
other item banks and therefore only covered sparsely in the depression item bank. Finally, the
PROMIS depression item bank avoids items concerning somatic symptoms such as weight gain or
loss, fatigue, and psychomotor speed, since these symptoms may cause problems for evaluating
psychiatric morbidity in patients with somatic disease (see, e.g., Holzapfel et al. 2008). Thus,
despite considerable content overlap between PROMIS depression item bank and the PHQ-9,
there are also distinct differences, suggesting that the link between the two tools may be different
in patients with somatic disease. Confounding by somatic symptoms may explain the discrepancy
between cross-walked and actual PROMIS depression scores found in some studies of somatic
patients (Katzan et al. 2017; Kim et al. 2017). While Schalet et al. should be applauded for testing
the robustness of their linking across gender and age group, testing whether the linking is also
valid for patients with somatic disease would be advisable. A content analysis may be useful in
identifying such potential problems.

3. Design Considerations

Schalet et al. made excellent use of archival data from general population samples. However,
it may be useful to consider the optimal design for a linking study. The PROMIS depression item
bank and the PHQ-9 were developed for use in clinical research and diagnosis of depression. The
two measures have optimal precision in the T-score range of 45 to 80—the range relevant for
assessing clinical depression severity. However, scores between 70 and 80 are rare in the general
population. In this range, the linking methods show discrepant results. As Schalet et al. note for
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FIGURE 1.

Comparison of distribution of scores from scoring procedures in Schalet et al. (2021) and from a plausible values approach.
All simulations were based on latent scores simulated to have a normal distribution with a T-score mean of 50 and a standard
deviation of 10. Right column: 10 random values were drawn for each person based on the score estimate and the standard
error of measurement (assuming a normal distribution of the error term). Abbreviations: EAP expected a posteriori; PHQ
Patient Heath Questionnaire; PROMIS Patient-Reported Outcomes Measurement Information System

the equipercentile scoring method, the discrepancy in this score range is likely to be partly caused
by sparse data. A patient sample including participants with high depression scores would provide
a more robust link in the severe score range.

Rather than the random-groups design often used in educational linking studies (Kolen and
Brennan 2014), the PROsetta Stone project chose a single-group design. This design has advan-
tages in the ability to check the unidimensionality assumption and check for agreement between
linked and observed scores. Also, the single-group design has greater statistical power for a given
sample size. The main potential problem of the single-group design is the possibility of order
effects, e.g., due to respondent fatigue. Schalet et al. note that the order of questionnaire adminis-
tration should be counterbalanced but suggest that this is less critical in patient-reported outcome
(PRO) research since test-taking fatigue is unlikely to be a major factor. However, available evi-
dence shows otherwise. In a PROMIS study of methods of administration, two parallel depression
short forms were developed from the PROMIS depression item bank (Bjorner et al. 2014). The
forms were administered counterbalanced allowing for an estimation of the order effect. Results
showed highly significant order effects: scores for whatever form was administered last were 1.94
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to 4.68 T-score points lower, indicating less depression. These results suggest that counterbalanc-
ing may also be important for linking studies in the PRO field.

4. Linking Procedures for Group Comparisons

Schalet et al. provide a very useful discussion of the differences between the purposes of
linking in educational testing and in PRO research. One difference is that educational testing
often involves decisions made on the basis of an individual equated score or cut-off value. In
contrast, PROMs are mostly used for comparisons of groups. Given this emphasis on group-
based analyses, it may not be wise to apply the linking procedure of Schalet et al. in the most
simplistic way: for each person who has answered the PHQ-9, simply estimate a score on the
PROMIS metric. To illustrate, I simulated a data set using the same item parameters and sum-
score linking procedures (Choi et al. 2014) that were evaluated by Schalet et al. The results from
these simulations are presented in Fig. 1. The left column shows the distribution of score estimates
by applying expected a posteriori (EAP) estimation based on the PROMIS depression item bank,
EAP estimation based on the PHQ-9 items, and applying the sum score transformation algorithm.
While all procedures were effective in capturing the correct mean of 50, the standard deviation is
underestimated when using the PHQ-9 items and the score distribution is far from normal, due to
floor effects that still exist after linking. The right column in Fig. 1 shows “score distributions”
using a plausible values approach (Mislevy 1991)—well known in psychometric research. The
plots illustrate that this approach was very effective in estimating the correct mean and standard
deviation and achieving a score distribution more similar to the generating latent distribution.
Thus, the plausible values approach or latent regression IRT models may be useful additions to
the linking procedures discussed by Schalet et al. (also, see Fischer and Rose 2019).

5. Conclusion

While the PROsetta Stone project is not the first project to link PROMs (see, e.g., Orlando
et al. 2000; Bjorner et al. 2003), it is the largest and most ambitious of such efforts within the
field of PROMs. While some details might be improved, the links already established will be of
great value to the field. Similarly, the excellent summary by Schalet et al. will be a great help to
the next generation of researchers seeking to overcome the Tower of Babel problem.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.
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