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Abstract

Objective: PROMIS offers computerized adaptive tests (CAT) of patient-reported outcomes, using a single set of US-based IRT
item parameters across populations and language-versions. The use of country-specific item parameters has local appeal, but also
disadvantages. We illustrate the effects of choosing US or country-specific item parameters on PROMIS CAT T-scores.

Study design and setting: Simulations were performed on response data from Dutch chronic pain patients (n = 1110) who completed
the PROMIS Pain Behavior item bank. We compared CAT T-scores obtained with (1) US parameters; (2) Dutch item parameters; (3)
US item parameters for DIF-free items and Dutch item parameters (rescaled to the US metric) for DIF items; (4) Dutch item parameters
for all items (rescaled to the US metric).

Results: Without anchoring to a common metric, CAT T-scores cannot be compared. When scores were rescaled to the US metric,
mean differences in CAT T-scores based on US vs. Dutch item parameters were negligible. However, 0.9%—4.3% of the T-score
differences were larger than 5 points (0.5 SD).

Conclusion:  The choice of item parameters can be consequential for individual patient scores. We
recommend more studies of translated CATs to examine if strategies that allow for country-specific
item  parameters should be further investigated. © 2021 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Keywords: Questionnaire; Patient-reported outcomes; PROMIS; Computerized Adaptive Test; Item Response Theory; Validation; Outcome
measurement; Psychometrics
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What is new?

Key findings

* When scores were rescaled to the common US met-
ric, mean differences between CAT T-scores based
on US versus Dutch item parameters were negligi-
ble. However, 0.9%—4.3% of the T-score differences
were larger than 5 points (0.5 SD).

What this adds to what is known?

e This is the first empirical study illustrating the ef-
fects of using different sets of country-specific item
parameters as compared to the default US parame-
ters on PROMIS CAT T-scores.

» The default PROMIS convention to use a single
set of IRT item parameters across populations and
language-versions may not have optimal validity in
non-US countries, if there is substantial language
DIF.

What is the implication, what should change now

» The choice of item parameters in CAT can be con-
sequential for individual patient scores.

* More studies of translated CATs should be per-
formed to examine if strategies that allow for
country-specific item parameters should be further
investigated.

1. Introduction

Item response theory (IRT) is increasingly used to cre-
ate item banks as the basis for computerized adaptive test-
ing (CAT) for measuring patient-reported outcomes (PROs)
[1-5]. With CAT, after a starting item, subsequent items
are selected by the computer based on participants’ re-
sponses to previous items [6,7]. With CAT, reliable scores
can be obtained with only a few relevant questions [8].
The Patient-Reported Outcomes Measurement Information
System (PROMIS) is the largest system of PRO item banks
administered as CATs [9-12].

Currently, the default PROMIS convention is to use a
single set of IRT item parameters across populations and
language-versions to express scores on a common scale
(T-score metric), unless evidence shows that this is prob-
lematic, eg, if items function substantially different across
populations or language-versions [9,13]. A common scale
is required for international comparisons. The current of-
ficial set of item parameters comprises the original IRT
item parameters estimated in the US calibration sample
[9,14]. However, we cannot expect to measure everyone
accurately on the same scale. PROMIS guidelines there-
fore recommend conducting differential item functioning
(DIF) analyses to test if people from different groups (eg,
language) with the same level of the construct (eg, pain)

respond differently to an item [6,15]. DIF by language may
occur when items are poorly translated or because of pop-
ulation differences. When DIF is found, country-specific
item parameters are needed. Despite rigorous translation
methods [16], DIF has been found for PROMIS items,
to varying degrees, between language versions [17-25].
If substantial DIF is found, a hybrid approach is recom-
mended, as was used for some Spanish PROMIS measures.
Spanish-specific item parameters are used for items with
DIF, and the Spanish item parameters of the DIF-items
are linked (also called rescaled), to the original PROMIS
metric [22,23]. A method adopted from the equating and
linking literature, called Stocking-Lord method, was used
for this purpose [25-27].

In contrast to the recommended PROMIS approach, the
use of country-specific item parameters, when estimated
in a large, representative general population sample of the
target country, has local appeal. Country-specific calibra-
tions and score centering would allow for improved within-
country interpretation and benchmarking. Also, scores ob-
tained would more “purely” reflect the status of respon-
dents. PROMIS uses a T-score metric, where a score of 50
represents the mean score of a reference population (often
a general population sample) and 10 is the standard devi-
ation [14]. In the US, a T-score of 50 compares to the US
mean; a T-score of 60 is one standard deviation (SD) above
the mean. This interpretation, however, does not necessar-
ily apply to other countries because the average PRO level
(and SD) may vary across countries [20,24,28,29]. The ad-
vantages and disadvantages of using country-specific item
parameters for PROMIS measures are ingredients of an
important debate because the decision to allow the use
of country-specific item parameters or not can have major
consequences for the maintenance, distribution, and uptake
of PROMIS. We therefore aimed to discuss different op-
tions for selecting item parameter sets and to illustrate the
effects of using the current PROMIS-recommended strat-
egy vs. different country-specific strategies on PROMIS
CAT T-scores in an empirical data set.

2. Methods

2.1. Options for applying PROMIS CATs outside of the
Us

Six options for choosing item parameter sets are pre-
sented and discussed briefly in Table 1 and more exten-
sively in Appendix A. To illustrate the consequences of
different options on CAT T-scores, Options 1 through 4
are compared in a simulation study: (1) US parameters;
(2) country-specific (Dutch) item parameters; (3) US item
parameters for DIF-free items and Dutch item parameters
(rescaled to the US metric) for DIF items; (4) Dutch item
parameters for all items (rescaled to the US metric). Op-
tion 2 is used for illustrative purposes only because with
Option 2 different metrics will be used in each country
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Table 1. Options for item parameter use in PROMIS CATs outside the US and mean (SD) CAT T-scores based on different options

Option  Description Metric Validity Interpretation Mean T-score  SD T-score
1 Use US item parameters in all  All T-scores across If there is language-DIF, A T-score of 50 59.58 6.65
countries. This is the default language-versions the US item represents the
for PROMIS. on the same (US) parameters may not mean score of
metric. One set of be valid for non-US the US
item parameters. population. population but
may have a
different
meaning in
other countries.
2 Use country-specific item Different metrics in ~ Country-specific item A T-score of 50 49.52 9.10
parameters. each country parameters have represents the
Different sets of optimal accuracy for average of the
item parameters. the local population. local population
in each country.
3 Hybrid approach: Use US item  One (US) metric. Item parameters for DIF  Similar to Option 59.35 6.36
parameters for non-DIF For DIF items, items will be more 1.
items and use different sets of accurate for the local
country-specific item item parameters. population.
parameters, rescaled to the
US metric, for items with
language DIF. This is
currently recommended for
PROMIS measures in case
of substantial DIF.
4 Use country-specific item One (US) metric. Item parameters are Similar to Option 59.17 6.39
parameters for all items and Different sets of most accurate for the 1.
rescale all parameters to the item parameters. local population.
US metric.
5 Use ‘world’ item parameters. One (world) metric. Similar to Option 1. A T-score of 50 Not available
One set of item Data will likely not be represents the
parameters. representative for the mean score of
whole world and there the ‘world’
is likely language DIF. population, but
may have a
different
meaning in
every country.
6 Use country-specific item Different metrics Risk of Similar to Option See option 2
parameters for local (item parameters) misinterpretation of 2 for local and 4
applications (option 2) and across countries. scores if item applications.
rescale scores to the US parameters and Similar to
metric for international rescaling is not Option 4 for

comparisons (option 4).

(correctly) reported.

international
comparisons.

and T-scores will not be comparable. A graphical repre-

sentation of these four sets is provided in Fig. 1.

2.2. Dataset used for simulations

31 out of the 39 items, the DIF analysis was based on 31

items only. Six items were flagged for DIF [18].

2.3. Analysis Plan

For Option 1 (US CAT T-scores), we obtained the offi-

For illustrative purposes, we used real response data
from a subset of 1,003 patients with no missing responses
from a sample of 1,110 Dutch chronic pain patients who
completed the full Dutch-Flemish PROMIS v1.1 Pain Be-
havior item bank [18]. The item bank consists of 39 items,
with a recall period of the past 7 days, and response op-
tions of Had no pain, Never, Rarely, Sometimes, Often,
and Always [30]. Since the US sample responded to only

cial US vl.1 item parameters used in the US Assessment
Center and the API provided by HealthMeasures via en-
quiry at www.healthmeasures.net. The US calibration sam-
ple consisted of participants from the US general popula-
tion (n = 14,503) and chronic pain patients (n = 967),
of which a small subsample completed the full item bank
and the majority completed 7 items (each item was com-
pleted by about 3,000 participants). A Graded Response
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Fig. 1. Graphical representation of four Options for applying PROMIS CATs in non-English-speaking countries. Each horizontal line represents a
metric (with its own mean and SD). Horizontal blue line represent the US metric. Horizontal red line represent the Dutch metric. Vertical blue
lines represent example US item locations. Vertical red lines represent example Dutch item locations.

Model (GRM) was fit using MULTILOG [30]. For Op-
tion 2 (Dutch CAT T-scores), we estimated Dutch item
parameters in the Dutch chronic pain sample using the
GRM with the MIRT package [31] in R [32]. For Op-
tions 3 (hybrid CAT T-scores) and 4 (rescaled Dutch CAT
T-scores), we used the Stocking-Lord method to rescale
the Dutch item parameters for the DIF items only (Option
3) or for all items (Option 4; [33]). The Stocking-Lord
method is a commonly used linking method to generate
unique item parameters for some items in one group (in
this case the Dutch sample), but keep a common metric
(in this case the US metric) [25-27]. In the educational
measurement, this technique is one of several used to in-
corporate newly developed test items to an existing item
bank [27]; it has also been repeatedly applied to the cali-
bration of PROMIS Spanish items [22,23]. Details of the
Stocking-Lord method can be found in Appendix B.

We conducted simulation analyses with the Firestar
(v1.3.2) program [34]. We selected CAT stopping rules
consistent with current PROMIS recommendations: mini-
mum 4 items, maximum 12 items, and a standard error of
0.3 (theta). For the remaining settings we followed Firestar
defaults [34], which are also used in the PROMIS CAT
software. CAT thetas were linearly transformed into T-
scores per PROMIS convention. We compared mean (SD)
CAT T-scores of the current default option (US CAT T-
scores, Option 1) to each of the other options (Options 2,
3, and 4). We calculated Pearson correlations for the three
comparisons. We plotted the US CAT T-scores (Option 1)
against the differences with each of the other options. A
Locally Weighted Scatterplot Smoothing (LOWESS) line

CAT T-Score Differences for US vs Dutch Calibrations
(not Rescaled)

10

Dutch minus US CAT T-score

30 40 50 60 70 80

US CAT T-score

Fig. 2. US CAT T-scores (based on US item parameters [Option 11)
plotted against Dutch CAT T-scores (based on Dutch item parameters
[Option 21) minus US CAT T-scores, with LOWESS line.

was added to the figures to make apparent whether the
difference varies across the scale. We calculated the mean
(SD) differences in CAT T-scores between the US and the
other options and the limits of agreement (mean difference
4 1.96*SDyifference)- Finally, we calculated the percentage
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Table 2. Comparison of CAT T-scores based on different sets of item parameters

Parameter sets used in Options Pearson Mean T-score SD of Lower LOA Upper LOA % of patients
comparison of CAT T-scores  compared correlation difference difference with score
difference >5
points
Dutch item parameters versus 2 vs 1 0.93 —10.06 3.87 —17.65 —2.47 92.32
US item parameters'
US item parameters for 3vs1 0.97 -0.23 1.49 -3.15 2.70 0.89
non-DIF items and Dutch
item parameters, rescaled to
the US metric, for the DIF
items versus US item
parameters
Dutch item parameters 4vs 1 0.93 -0.41 2.42 —5.15 4.33 4.28

rescaled to the US metric
versus US item parameters

LOA = Limits of Agreement (mean difference + 1.96 * SD difference).

I This comparison is provided for educational purposes only, to illustrate the large score differences that may occur when items are calibrated
separately without any linking/rescaling strategy. When items sets are calibrated separately, the resulting item parameters reflect the latent
mean and standard deviation of the two samples, such that the T-score units have a different meaning.

of patients for which the difference in T-score between the
US and the comparison option was more than 5 points
(both —5 and +5), as changes in PROMIS measures of
2-5 points have been suggested to be minimally important
[35-37].

3. Results

Mean (SD) CAT T-scores of the patient population
based on the four sets of item parameters are presented
in Table 1. The mean T-scores were about 59 when scores
were (rescaled) on the US metric and differences in means
and SDs between Options 1, 3, and 4 were negligible. The
Dutch pain sample represented a more restricted range of
pain behavior scores relative to the representative subsam-
ple of the US general population as indicated by SDs of
about 6 (instead of 10) on the US metric. The mean T-
score was 49.5 (SD 9.1) on the Dutch metric (Option 2),
as expected given the calibration defaults (theta mean of 0
and SD of 1 in the calibration sample).

We now move to compare the scores between US CAT
T-scores and Dutch CAT T-scores directly, which is in
some sense non-sensical: the scores are based on two dif-
ferent metrics, such that the T-scores (and the underlying
IRT theta units) have an incommensurate meaning. But we
do this to illustrate what would happen if international re-
searchers separately calibrate PROMIS banks, and then do
nothing further to place the parameters on a common met-
ric. First, we note that the correlation between the US CAT
T-scores (Option 1) and the Dutch CAT T-scores (Option
2) remains high, at 0.93 (Table 2), because the order of
patients is similar with both options. That is, the T-scores
in either case are based on the same set of item responses.
However, the absolute T-scores and variation in T-scores
are very different (Table 2). Fig. 2 shows the Dutch CAT T-

scores (Option 2) minus US CAT T-scores plotted against
the US CAT T-scores (Option 1).The mean difference in
CAT T-scores was —10.1 points (SD 3.87; Table 2). If this
strategy were in fact implemented, readers might wonder
if the Dutch had a much higher pain tolerance than people
in the US or a greater reluctance to exhibit pain behaviors.
However, we note again that this comparison is improper:
the magnitude of the difference is due to a comparison of
two different metrics, originating from two different sam-
ples and languages—equivalent to comparing temperatures
measured in centigrade to those measured in Fahrenheit.

The correlation between the US CAT T-scores (Option
1) and the hybrid CAT T-scores (Option 3: T-scores based
on US item parameters for non-DIF items; Dutch item pa-
rameters, rescaled to the US metric, for the six DIF items)
was 0.97. Fig. 3 shows the hybrid CAT T-scores minus US
CAT T-scores plotted against the US CAT T-scores (Option
1). The Stocking-Lord constants for placing the Dutch DIF
items onto the US metric were 0.5727 (A) and 1.008 (B).
The mean difference in CAT T-scores between Options 1
and 3 was -0.23 (SD 1.49) and 0.9% of the differences
was larger than 5 points (Table 2).

The correlation between the US CAT T-scores (Option
1) and the rescaled Dutch CAT T-scores (Option 4: T-
scores based on Dutch item parameters, all rescaled to the
US metric) was 0.93. Fig. 4 shows the rescaled Dutch
CAT T-scores minus the US CAT T-scores plotted against
the US CAT T-scores (Option 1). The mean difference in
CAT T-scores was —0.41 but the SD was 2.42 and 4.3%
of the differences was larger than 5 points (Table 2). In
Option3 only the item parameters of the 6 DIF items are
different than in Option 1. In Option 4, all item parameters
are (slightly) different than in Option 1. Therefore, the
differences in CAT T-scores between Option 4 and Option
1, were larger than the differences between Option 3 and
Option 1.
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CAT T-Score Differences for US vs Hybrid Calibrations

20

10

Hybrid minus US CAT T-score
0

-10

T T T T T T
30 40 50 60 70 80

US CAT T-score

Fig. 3. US CAT T-scores (based on US item parameters [Option 11)
plotted against hybrid CAT T-scores (based on US item parameters for
non-DIF items; Dutch item parameters, rescaled to the US metric, for
the six DIF items [Option3]) minus US CAT T-scores, with LOWESS
line (the outlier reflects one patient who responded inconsistently to
the items in the CAT).

CAT T-Score Differences for US vs Dutch Rescaled Calibrations

Rescaled Dutch minus US CAT T-score

o
QI]_

T T T T T T
30 40 50 60 70 80

US CAT T-score

Fig. 4. US CAT T-scores (based on US item parameters [Option 11)
plotted against rescaled Dutch CAT T-scores (based on Dutch item
parameters, rescaled to the US metric, for all items [Option 41) minus
US CAT T-scores with LOWESS line.

4. Discussion

This is the first empirical study showing the effects of
using different sets of country-specific item parameters as
compared to the default US parameters on PROMIS CAT
T-scores. We used the PROMIS Pain Behavior item bank
as an example. Naturally, we found high correlations be-
tween CAT T-scores across all options because identical
item responses were entered in the CAT simulations. When
country-specific item parameters were compared to US pa-
rameters, obviously large mean T-score differences were
obtained because scores were not on a common metric.
We provide this “result” as an illustrative and caution-
ary tale for international researchers who may re-calibrate
PROMIS in samples outside of the US, not realizing that
this changes the meaning and interpretation of the resulting
T-score units. Only when samples are very closely matched
on demographics and the domain of interest (in this case
pain) can we expect similar item parameter estimates. Neg-
ligible mean differences were found when item parame-
ters were rescaled to a common metric (Options 3 and 4).
However, some substantial differences were found at the
individual level. Between 0.9% (Option 3) and 4.3% (Op-
tion 4) of the T-score differences exceeded 5 points. This
indicates that, while mean T-scores are little affected by
the choice of item parameters as long as the scores are on
a common metric, individual T-scores can vary by more
than the amount generally considered minimally important
(2-5 points). This should be considered when the measure
is used in clinical or research settings.

In deciding whether or not to allow use of country-
specific item parameters, tradeoffs must be made, and the
measurement aim (who do we want to compare and for
what specific purpose?) should be taken into account. If
country-specific item parameters are estimated in a large
and representative sample of the general population of the
target country, they will have optimal validity for appli-
cation in the local population (comparing patients within
in country). Furthermore, the interpretation of a local met-
ric will be easier because a score of 50 will represent the
average of the local population. However, without rescal-
ing, the result will be different metrics across countries,
hampering comparison of patients across countries (Op-
tion 2). In many cases, data are used for multiple purposes
(monitoring individual patients, comparing aggregated data
within and between countries, and using the data for re-
search) all of which require comparability of scores. Using
different metrics may lead to confusion and therefore us-
ing country-specific item parameters without rescaling is
currently not a PROMIS-sanctioned option.

Countries could strive for a comparable metric by using
similar calibration samples for estimating item parameters.
The US PROMIS Pain Behavior item bank was calibrated
on a combined sample of people from the general popu-
lation and chronic pain patients; subsequently the metric
was centered on the general population sample [30]. Data
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from a Dutch general population sample was not avail-
able at the start of this study, therefore the Dutch item
parameters used in this study were based on chronic pain
patients only. The results of this study, therefore, should
not be used to draw conclusions about the application of
the PROMIS Pain Behavior item bank in the Netherlands.
It would be interesting to repeat this study trying to match
the PROMIS item calibration procedure in a similar mix
of general population vs. patients. Using similar calibra-
tion samples, however, would not guarantee a similar met-
ric because it would not account for actual differences in
the distribution of the construct (pain behavior) in different
countries.

Having a common metric is essential for multinational
studies, and for benchmarking health across countries.
However, using the same set of item parameters across
countries may lead to validity problems if there is lan-
guage DIF (Appendix A). A currently accepted option by
PROMIS for dealing with language DIF is the hybrid ap-
proach, where US item parameters are used for non-DIF
items and country-specific item parameters, rescaled to the
US metric, for DIF items (Option 3). An alternative op-
tion would be to use country-specific item parameters, all
rescaled to the US metric (Option 4). This option is cur-
rently not recommended by PROMIS but may be an attrac-
tive approach for PROMIS users outside of the US. Further
study is required to identify conditions in which rescaled
country-specific CAT T-scores may provide enhanced va-
lidity and precision relative to the currently-recommended
hybrid approach. We also recommend studying the impact
of using different item parameters on study designs (eg,
the power to detect differences) and clinical decisions.

Accurate rescaling depends upon identifying which
items have DIF and which items are relatively DIF-free.
This is challenging because whether an item is flagged
for DIF depends on the statistical procedure used, sam-
ple variation, sample size, score distribution, DIF criteria,
and the characteristics investigated (eg, country, sex, age,
diagnosis) [38—44]. Several authors have recommended ap-
plying multiple DIF methods to flag items that will likely
have “moderate” or “large” DIF [38,45-47]. However, de-
termining when and how much DIF matters depends on the
cause of DIF and the intended application of the measure;
thus, qualitative judgments may be required [41-43]. DIF
with bias in different directions may cancel out across the
whole bank, but perhaps not in CAT or short form adminis-
trations. When studying relations between variables within
a country, translation DIF may not be a problem, while
DIF caused by multidimensionality could be problematic
[41]. Moreover, it has been argued that most available DIF
methods can detect DIF but cannot identify the DIF items
due to parameter identification issues [44]. We recommend
more research on the development of robust DIF methods
and criteria.

Limited data are available on mean T-scores in gen-
eral populations outside of the US. Three studies found

differences smaller than 3 T-score points (range 0.1—
4.2) between general populations from Germany, France,
UK, Spain, and the Netherlands, compared to the US
[24,28,29]. One study found a mean T-score difference
larger than 5 T-score points for PROMIS depression in
a German general population sample [20]. A way to en-
sure that 50 is the average for all countries could be to
develop a world metric, where the mean of the world pop-
ulation is set to 50 (Option 5, Table 1). Option 5 could
not be tested in this study because a set of “world” item
parameters does not yet exist. However, it is questionable
whether this is achievable and whether a “world average”
would be meaningful.

The PROMIS metric was centered in 2000 [48,49] and
given the passage of time and changes in the US popula-
tion, a score of 50 on the US metric may no longer repre-
sent the mean score of the non-US population. Perhaps we
should move away from referring to 50 as the mean score
of the US population. However, it may still be helpful for
users to consider 50 as a reasonable center score, even if
there is a drift in the original reference sample and even
if the average might be slightly different across countries.
In addition, other reference scores can facilitate interpre-
tation of PROMIS scores. For example, country-specific
means and percentiles could be reported (see examples in
Appendix A). Also (country-specific) score ranges that cor-
respond to within normal limits, mild, moderate, and se-
vere pain behavior (and other domains) could be helpful.
We recommend more research to facilitate score interpre-
tations of PROMIS measures across populations.

Another suggestion could be to use country-specific
item parameters for local applications and use US param-
eters (or rescale scores to the US metric) for international
publications and studies that require international compar-
isons (Option 6, Table 1). However, this carries a risk of
misinterpretation of scores from reports that may not care-
fully specify how the different types of PROMIS T-scores
were obtained.

Although this study does not provide evidence to reject
the current DIF-hybrid approach, we suggest there is value
in continued study of alternate approaches to choosing item
parameter sets for non-English languages, and for publica-
tion standards to ensure consistency in reporting PROMIS
T-scores across populations and countries.

This study was carefully designed to compare different
sets of item parameters in a simulation study based on real
response data of a large sample of patients. However, our
conclusions are based on only one simulation study, using
one item bank, in one patient population, and applying one
DIF method. Our study should be replicated with other
item banks, other DIF methods and criteria, and in other
countries.

We chose the Stocking-Lord method for linking, rather
than other options, such as multiple-group calibration
[50,51], which is currently used, for example, in the edu-
cational field in the Programme for International Student
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Assessment (PISA), a cyclical international testing pro-
gram comparing multiple countries on science, reading,
and mathematics (Programme for International Student As-
sessment [52] 2020). An advantage of multi-group cali-
bration over Stocking-Lord rescaling is that standard er-
rors around the item parameters can be estimated. It also
would have the advantage of using available data across
multiple languages concurrently in estimating parameters
for each group. This approach, however, is impractical at
this stage for PROMIS, because of the complexities of the
original design and calibration analysis centered on the US
Census. Furthermore, PROMIS CATSs and short forms are
constantly being administered and reported clinically and
in studies. Furthermore, PROMIS item parameters need to
be maintained for more than 100 items banks. Therefore,
PROMIS parameters (and the resulting scoring algorithm)
cannot be adjusted or re-estimated regularly. The Stocking-
Lord method has been used in several other PROMIS
studies [22,23,53]. Both the Stocking-Lord method and
multiple-group calibration are widely discussed and com-
pared in the linking literature [25-27]. While each method
has advantages and disadvantages, Lee and Lee showed
that the Stocking-Lord method produces similar parame-
ters as multiple group calibration in situations as in this
study where there are only common items [27].

In conclusion, we found negligible mean differences be-
tween US CAT T-scores and hybrid or country-specific
CAT-T-scores when scores were placed on the same met-
ric, but the choice of item parameters can be consequential
for individual patient scores. Use of US item parameters
has both advantages and disadvantages as does the use of
country-specific item parameters. Further study can help

identify contexts in which alternative calibration and cen-
tering approaches can improve precision while ensuring
consistency of reporting of PROMIS T-scores across pop-
ulations and countries.
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Appendix A. Options for item parameter use in
PROMIS CATs outside the US



Option Description

Metric

Validity

Interpretation

Example

1 Use US item parameters in the

non-US country (this is the
default for PROMIS).

2 Use country-specific item
parameters.

All T-scores across

language-versions will be
presented on the same (US)
metric. One set of item
parameters needs to be
maintained.

The correlation between

T-scores based on US versus
country-specific item
parameters will be high
because the item scores are
identical. However, T-scores
from different countries will
not be on the same metric
and cannot be interpreted in
the same way because the
metrics may have a different
mean and SD (see Fig. 1).
Under this option, pooling of
multi-language study data,
such as with international
clinical trials, would be
inappropriate. Different sets
of item parameters need to
be maintained. The metric
used to express scores
should be reported in
publications.

If there is language-DIF, the

US item parameters may not
be valid for non-US
populations (scores will be
biased) because US item
parameters may not be
accurate for non-US
populations, or the assumed
dimensionality of the item
bank may not apply to the
non-US population (scores
may not represent the same
construct).

Country-specific item

parameters, when estimated
in a large and representative
sample of the general
population of the target
country have optimal
accuracy for the local
population.

US-based norm scores: A

T-score of 50 represents the
mean score of the US
population. All item banks
have the same interpretation
in the US population (“50 is
the average"). However, a
T-score of 50 may have a
different meaning on each
item bank in non-US
populations because the
mean T-score may be
different for each item bank.

Local population-based norm

scores: If the item
parameters are centered on
a representative sample of
the local population, a
T-score of 50 will represent
the average of the local
population in each country.
All item banks have the
same interpretation across
countries (“50 is the
average”). All scores are
expressed as deviations from
the local mean.

Donald (American citizen) has a T-score
of 50 on the US Pain Behavior metric.
Mark (Dutch citizen) has a T-score of
45 on the US Pain Behavior Metric.
Donald’s T-score is equal to the mean
T-score of the US population (50t US
percentile). Mark’s T-score is 0.5 SD
lower than the mean T-score of the US
population (45t US percentile). The
average Pain Behavior T-score in the
Netherlands is 45 on the US metric.
Donald’s T-score is 0.5 SD higher than
the mean T-score of the Dutch
population (55t Dutch percentile).
Mark’s T-score is equal to the mean
T-score of the Dutch population (50t
Dutch percentile). The T-scores of
Donald and Mark are different on the
US metric, but they represent the
same percentile of their local
population.

Donald has a T-score of 50 on the US
Pain Behavior metric (50t US
percentile). Donald has a T-score of 55
on the Dutch Pain Behavior metric
(55t Dutch percentile). Mark has a
T-score of 45 on the US Pain Behavior
Metric (45t US percentile) Mark has a
T-score of 50 on the Dutch Pain
Behavior metric (50t Dutch
percentile). The T-scores of Donald
and Mark are the same on the
country-specific metric but different
on the US metric.

(continued on next page)
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Description

Metric

Validity

Interpretation

Example

Hybrid approach: Use US item
parameters for non-DIF
items and use
country-specific item
parameters for items with
language DIF. The
country-specific item
parameters of the DIF items
are rescaled on the US
metric. This is currently
recommended for PROMIS
measures in case of
substantial DIF, and is used
for some of the Spanish
item banks [22,23].

Use country-specific item
parameters for all items and
rescale all parameters to the
US metric.

All T-scores across
language-versions will be
presented on the same (US)
metric. For DIF items,
different sets of item
parameters need to be
maintained. The item
parameters used to obtain
scores should be reported in
publications.

This option preserves the
relative ordering of
parameters for all items

from the non-US calibration.

All T-scores across
language-versions will be
presented on the same (US)
metric. Different sets of
item parameters need to be
maintained. The item
parameters used to obtain
scores should be reported in
publications.

The item parameters for the

DIF items will be more
accurate for non-US
populations. However, this
option assumes that it is
possible to unambiguously
determine which items show
DIF, which has been
questioned. DIF
identification depends on
the statistical procedure
used, sample variation,
sample size, and DIF criteria
(the number of DIF items
may be underestimated).
Determining when DIF
matters and how much is
highly contextual and may
require qualitative judgment
[41-44].

The item parameters are most

accurate for the local
population. It is assumed
that all items have some
degree of DIF. However, the
rescaling methodology still
depends on the
identification of DIF and
non-DIF items because a set
of anchor items must be
identified that are assumed
to have no DIF [33]. (see
also Option 3).

Similar to Option 1, a score of
50 may not represent the
mean score of the non-US
population.

As with Options 1 and 3, a
score of 50 may not
represent the mean score of
the non-US population.

Similar to Option 1.

Similar to Option 1.

(continued on next page)
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Description

Metric

Validity

Interpretation

Example

Use ‘world’ item parameters.

Use country-specific item
parameters for local
applications and rescale
scores to the US metric for
international comparisons.

All T-scores across
language-versions will be
presented on the same
(world) metric. Requires a
substantial amount of data
from multiple countries.
One set of item parameters
needs to be maintained.

The metric will be different
across countries. Different
sets of item parameters
need to be maintained. The
item parameters used to
obtain scores should be
reported in publications and
it should be reported if
rescaling was applied.

Similar to Option 1. Data will

likely not be representative
for the whole world. There is
a high probability of
language DIF and
differences in
dimensionality.

There is a risk of

misinterpretation of scores if
item parameters and
rescaling is not (correctly)
reported.

‘World’-based norm scores: A

T-score of 50 represents the
mean score of the ‘world’
population. All item banks
have the same interpretation
(“50 is the ‘world’
average“). Questionable
whether this ‘world’ average
would be meaningful. A
T-score of 50 may have a
different meaning on each
item bank in every country.
Each item bank may have a
different interpretation
because the mean T-score is
different for each item bank
in each country.

Similar to Option 2 for local

applications. Similar to
Option 4 for international
comparisons.

Similar to Option 1. Similar T-scores on

the world 'metric will represent
different percentiles of local
populations.

Similar to Option 2 for local applications.
Similar to Option 4 for international

comparisons.
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Appendix B. Rescaling using the Stocking-Lord
method

The Stocking-Lord (SL) rescaling method is adopted
from the equating and linking literature [26,33,54]. The
SL method allows researchers to put two sets of item
calibrations that are derived separately (from two differ-
ent samples) on the same scale. This is done by calculat-
ing multiplicative and additive constants that minimize the
squared difference between two test characteristic curves
(TCCs). In linking situations, this technique is often ap-
plied in common-item nonequivalent group designs [27].
In those designs, SL constants are derived from common
items that have two sets of parameters obtained from sep-
arate samples. The SL constants are then applied to the
unique items (administered to only one sample), so that
these unique items will then be on the same scale.

In the present case, we only have common items, and
no new items are actually linked. The separate calibrations
we started with are: (1) the established operational param-
eters calibrated from the US sample, which we obtained
from help@healthmeasures.net, and (2) the parameters we
calibrated from the Dutch sample. The SL method was
used to place parameters obtained from calibrations in a
Dutch sample on the US metric. The procedure was ap-
plied as follows: DIF analysis was previously performed
to identify which items show DIF [18]. The 25 DIF-free
items were then used as anchor items to calculate link-
ing coefficients (see below); these constants are then used
to transform the Dutch item parameters for the six DIF
items to the US metric (Option 3, hybrid approach). In the
end, all items are scaled to the US metric: the 25 non-DIF
items simply retain the US item parameters, while the six
DIF items have parameters obtained from the Dutch sam-
ple that are rescaled to the US metric via SL constants.
In the US, the US set of parameters are used in scoring
the instrument; in the Netherlands, the parameter set from
this hybrid approach are used for scoring. All scores are
comparable because they are calculated on the same scale.
For Option 4, the same SL constants were used as those
calculated above with 25 DIF-free items. The difference is
that these constants are then applied to all item parameters
estimated from the Dutch sample, not only the DIF items.
In this way, all item parameter estimates retain informa-
tion specific to the Dutch population, yet rescaled to the
US metric, to enable direct score comparisons.

We used the equate function in the Lordif package (ver-
sion 0.3-3) in R to compute two linear transformation con-
stants (A and B) that minimizes the sum over patients of
the squared differences between the two TCCs [55]. The
Stocking-Lord constants were calculated using the 25 out
of 31 DIF-free items. These constants were then used to
transform the Dutch discrimination (a) and location (b) pa-
rameters estimated for Option 2 into new item parameters
(apew and byey) on the US metric, for the six DIF items in
Option 3 and for all items in Option 4, according to these

formulas:

Apew =

i
bpew = (Axb) + B
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