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Background. Comparative effectiveness research across cultures requires un-
biased measures that accurately detect clinical differences between patient groups.

Objective. The purpose of this study was to assess the presence and impact of
differential item functioning (DIF) in knee functional status (FS) items administered
using computerized adaptive testing (CAT) as a possible cause for observed differ-
ences in outcomes between 2 cultural patient groups in a polyglot society.

Design. This study was a secondary analysis of prospectively collected data.

Methods. We evaluated data from 9,134 patients with knee impairments from
outpatient physical therapy clinics in Israel. Items were analyzed for DIF related to
sex, age, symptom acuity, surgical history, exercise history, and language used to
complete the functional survey (Hebrew versus Russian).

Results. Several items exhibited DIF, but unadjusted FS estimates and FS estimates
that accounted for DIF were essentially equal (intraclass correlation coefficient
[2,1]�.999). No individual patient had a difference between unadjusted and adjusted
FS estimates as large as the median standard error of the unadjusted estimates.
Differences between groups defined by any of the covariates considered were
essentially unchanged when using adjusted instead of unadjusted FS estimates. The
greatest group-level impact was �0.3% of 1 standard deviation of the unadjusted FS
estimates.

Limitations. Complete data where patients answered all items in the scale would
have been preferred for DIF analysis, but only CAT data were available.

Conclusions. Differences in FS outcomes between groups of patients with knee
impairments who answered the knee CAT in Hebrew or Russian in Israel most likely
reflected true differences that may reflect societal disparities in this health outcome.
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Physical therapy is commonly
used in health service delivery
systems to manage patients with

musculoskeletal impairments with the
goal of maintaining or improving phys-
ical functioning.1–4 Musculoskeletal
impairments and associated functional
limitations are costly.5,6 Comparative
effectiveness research has been pro-
posed to identify effective and effi-
cient care processes.7

Such research across cultural groups
within a country requires unbiased
measures that accurately detect clin-
ical differences among patients.8

Cultural differences may influence
the way patients answer otherwise
reliable, valid, and responsive sur-
veys, possibly affecting scores. Clini-
cians, researchers, and policy mak-
ers need to know whether observed
differences in scores across groups
represent a measurement problem,
a true health disparity, or some com-
bination of both. A measurement
problem can result from nonequiva-
lent item translations or differences
in cultural perceptions.9 A health dis-
parity occurs when true differences
in the patients’ underlying trait ex-
ist.10,11 Israel has a polyglot popula-
tion, similar to many countries where
multiple languages are used. Given
limited societal resources to address
disparities, it seems prudent to in-
vestigate whether observed differ-
ences represent some underlying sys-
tematic inequality or whether they
are merely due to a measurement
problem.

The current study focuses on one
aspect of validity: differential item
functioning (DIF). Differential item
functioning is present when the re-
lationship between item responses
and functional status (FS) measured
by the test differs across groups after
controlling for FS measures.12,13 When
DIF is present, validity of FS estimates
is eroded.

Modern psychometric techniques such
as item response theory (IRT)14,15

facilitate administering FS question-
naires using computerized adaptive
tests (CATs).16–18 A CAT is a data
collection method in which an algo-
rithm selects each item by matching
item difficulty to the patient’s esti-
mated level of ability, represented
here as estimated FS. After each item
response, the estimated FS is up-
dated. The CAT stops when the pa-
tient’s estimated FS meets certain
criteria, such as a required level of
measurement precision.19,20 Com-
puterized adaptive tests minimize
the number of items administered,
reducing respondent burden, with
limited effect on measurement pre-
cision.18 A CAT that administers a
particular number of items from a
psychometrically strong item pool
provides better measurement preci-
sion than fixed format administration
of the same number of items.21

Differential item functioning may be
particularly menacing in the CAT set-
ting because of the relatively small
subsets of items administered.22 In
an item bank with several items favor-
ing one group and several others fa-
voring another group, one can imag-
ine a particularly unlucky scenario in
which a CAT selects items that all have
DIF in the same direction, producing a
biased estimate for FS. Because DIF
has been identified in FS items an-
swered by patients from different cul-
tural backgrounds, identifying and ac-
counting for DIF may be important to
improve the validity of conclusions
about health disparities.11,23

In a previous study, Deutscher et al24

found that among 4,394 patients re-
ceiving outpatient physical therapy
care due to knee impairments, those
who answered a knee FS CAT in
Russian (25%) had higher FS at dis-
charge compared with other pa-
tients who answered in Hebrew
(69%), English (4%), Spanish (1%), or

Arabic (1%). This difference in FS
scores across groups remained after
controlling for patient characteristics
at intake and treatment processes.
These differences in FS scores among
cultural groups raised the question of
whether they represented true differ-
ences in FS—which might suggest ex-
istence of a health disparity—or pos-
sible measurement bias related to
cross-cultural DIF. In a separate study
using the same knee CAT, Hart et al9

found negligible DIF when comparing
knee CAT items for patients with knee
impairments who spoke English and
were treated in the United States or
who spoke Hebrew and were treated
in Israel. However, it was not known
whether similar results would be
found across patients in Israel who
spoke Hebrew or Russian.

The purpose of this study was to
examine the presence and impact of
DIF in FS items administered via CAT
for patients with knee impairments
in Israel who spoke either Hebrew
or Russian. The results should facili-
tate comparative effectiveness re-
search studies across groups.

Method
Design
We conducted a secondary analysis
of prospectively collected data.

Participants and Clinics
Data from patients 18 years of age
or older were analyzed. Patients were
treated between 2005 and 2008 in the
Physical Therapy Service of Maccabi
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Healthcare Services (Maccabi), a pub-
lic health maintenance organization re-
sponsible for the care of 1.8 million
people, representing 25% of Israel’s
population. Maccabi’s Physical Ther-
apy Service has been collecting func-
tional outcome data since 2005 using a
customized version of Patient Inquiry
computer software (version 5.0) de-
veloped by Focus On Therapeutic
Outcomes (FOTO), Inc.*,3

All participating clinics (n�71) are
payer-owned and provide physical
therapy services to patients with a
variety of musculoskeletal impair-
ments.24 The study included patients
who on admission to therapy se-
lected the knee as their primary area
of musculoskeletal impairment, inde-
pendently completed the knee CAT,

and answered the CAT in Hebrew or
Russian.

The statistical significance criterion
used by the DIF detection software
for nonuniform DIF in each item is a
sample size–dependent chi-square test.
Therefore, we balanced samples of
participants across language groups
to minimize the risk of false-positive
and false-negative findings due to un-
equal sample sizes. Most patients an-
swered the surveys in Hebrew, so
we selected a random sample of He-
brew surveys to match the 4,567
available Russian surveys, resulting
in a numerically balanced sample of
9,134.

Data Collection
Data were retrieved from the Mac-
cabi Physical Therapy Service data-
base. Maccabi performs routine out-
comes collection as part of its

patient management strategy.3,24 De-
mographic data were retrieved from
the Maccabi electronic health record
system.3 Although the CAT was ad-
ministered throughout rehabilita-
tion, only intake data were analyzed
for this study.

The Knee CAT
Development,16 simulation,16 use,17

and interpretation25 of the knee-
specific CAT and its FS measures
have been described. Briefly, items
from the Lower Extremity Func-
tional Scale26 represent functional
activities, such as “putting on your
shoes or socks” (Appendix). Patients
are asked to rate their ability to per-
form each activity using 5 responses,
from “Extreme difficulty or unable to
perform activity” to “No difficulty.”16

Unidimensionality and local inde-
pendence of the 18-item bank and
fit to the Andrich27 rating scale
1-parameter item response theory
(IRT) model (Andrich RSM) were
supported.16 The knee CAT was de-
veloped as a body part–specific
CAT.16 The CAT development pro-
cess followed the logic of Thissen
and Mislevy28 and has been de-
scribed.29–31 Efficiency of knee CAT
administration in routine clinical
practice has been supported.3,17

Functional status, as assessed using
knee CAT items, represents the “ac-
tivity” dimension of the World
Health Organization’s International
Classification of Functioning, Dis-
ability and Health.32 Before the
knee CAT was implemented in Mac-
cabi, items were translated into He-
brew and Russian following pub-
lished procedures.9,33

Statistical Analyses
We followed analytic methods simi-
lar to those in our previous study
assessing DIF in FS items for patients
in the United States who spoke En-
glish versus patients in Israel who
spoke Hebrew.9 The statistical anal-
yses had 3 main purposes: (1) to
identify patient characteristics and

* Focus On Therapeutic Outcomes, Inc, PO
Box 11444, Knoxville, TN 37919 (Web site:
www.fotoinc.com).

The Bottom Line

What do we already know about this topic?

The knee computerized adaptive test (CAT) is efficient and produces
measures of functional status (FS) that are valid, sensitive to change,
responsive, and can be interpreted in clinically useful ways. The CAT has
a negligible differential item functioning (DIF) impact for patients who
speak English in the US when compared with patients who speak Hebrew
in Israel, which supports the validity of the Hebrew translation.

What new information does this study offer?

The knee CAT found a negligible DIF impact for patients in Israel who
spoke Hebrew compared with patients in Israel who spoke Russian,
which supports the validity of the Russian translation. Differences in FS
between patients who speak Hebrew and those who speak Russian are
likely to represent true differences that are not biased by DIF.

If you’re a patient, what might these findings mean
for you?

This research suggests that the knee CAT is an appropriate measure for
use in future studies of treatment effectiveness, regardless of the cultural
origin of the participants. Such studies may help identify ways to improve
FS outcomes for patients with knee impairments.
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CAT usage differences between the
2 samples using descriptive analyses;
(2) to identify DIF presence; and (3)
when DIF was detected, to estimate
the magnitude of individual-level and
group-level DIF impact.

Descriptive analyses. Demographic
differences between the Hebrew and
Russian samples were assessed using
chi-square statistics and 2-sample t
tests, as appropriate. To assess item
usage, we determined the item ex-
posure rate, defined as the number
of times each item was administered
divided by the total number of CATs
administered.

DIF detection. Validity of using IRT
methods to assess cross-cultural DIF
depends on the fit of the data to the
model.34 Although Andrich’s RSM27 was
used to develop and calibrate this
scale, we used the publicly available
difwithpar software (version 1.0)†,35

which uses Samejima’s Graded Re-
sponse Model (GRM) for DIF analy-
ses.36 Prior to assessing DIF, we
tested fit of data from this study to
both the RSM and GRM. Fit to the
RSM was tested using WINSTEPS‡,37

as we did previously.16 Good item fit
was defined as infit and outfit statis-
tics between 0.60 and 1.40.38 There
is no recognized best way to assess
fit of data to the GRM, particularly
for samples larger than 1,500.39

We followed several approaches to
assess fit of our data to the GRM.
We examined item category curves
to ensure they progressed from
easier to harder along the FS contin-
uum and ensured that each curve
had a maximum at a unique scale
interval.36 In addition, we assessed
item discrimination parameters
(slopes). Slopes of 0.70 or higher are
preferred.39

We assessed DIF using 4 steps de-
scribed previously,9 including the
following. First, we performed anal-
yses of items in the Hebrew and Rus-
sian data sets separately for DIF with
respect to sex, surgical history, acu-
ity of symptoms, exercise history,
and age. All of these covariates have
been shown to affect FS,17 and we
wanted to ensure that differences be-
tween patients who spoke Hebrew
or Russian were not due to DIF re-
lated to these covariates before as-
sessing DIF related to language. Sec-
ond, we combined Hebrew and
Russian data and repeated the above
DIF assessments in the combined
sample. Third, we assessed DIF by
language (Hebrew versus Russian) in
the combined data set. Fourth, to
account for CAT data acquisition, we
investigated whether DIF findings
were stable across 2 subgroups strat-
ified by FS levels. Patients with high
FS scores answered harder items, so
we limited these secondary analyses
to the 9 hardest items in the test. In
similar fashion, we evaluated only
the 9 easiest items for patients with
low FS scores.

For each of these 4 steps, each item
was assessed for DIF using difwith-
par software,40–45 which combines
IRT item calibration estimated by the
GRM36 using PARSCALE for Win-
dows (version 4.1)§,46 with multiple
ordinal logistic regression models for
each item and covariate using Stata
software (version 10.1).�,47 Details of
the difwithpar framework for DIF de-
tection have been previously pub-
lished.40–45 Briefly, statistical analy-
ses included the following steps.

1. Estimates of FS were obtained us-
ing GRM.

2. Those FS estimates were used as
conditioning variables in a series
of nested ordinal logistic regres-
sion models to identify items with
DIF.

3. A new data set was prepared
treating items found not to have
DIF as anchor items and items
found with DIF as separate items
for the 2 groups. This data set was
used to re-estimate FS scores ac-
counting for the items found with
DIF.

4. The revised estimates of FS ad-
justed for DIF were used as con-
ditioning variables as in step 2.

5. Items identified in step 2 and in
step 4 were compared. If they
were the same, statistical analyses
stopped. If they were different, a
new data set was prepared as in
step 3, and the procedure contin-
ued until the same items were
identified with DIF as on a prior
run.

In steps 2 and 4 of the difwithpar
analyses, items were examined for
the presence of uniform and nonuni-
form DIF. Uniform DIF occurs when
differences across groups in item re-
sponses while controlling for FS are
the same across the entire range of
FS measured by the test. Uniform
DIF was assessed by examining the
relative difference between � coef-
ficients of 2 ordinal logistic regres-
sion models.45 As recommended by
Crane et al40 for capturing small
amounts of uniform DIF, items were
treated as having uniform DIF when
that difference exceeded 5%. Non-
uniform DIF exists when differ-
ences in item responses between de-
mographic groups while controlling
for FS vary at different levels of FS; it
was assessed by comparing log like-
lihoods of 2 ordinal logistic regres-
sion models.41 For nonuniform DIF,
we have used a Bonferroni adjust-
ment previously42,45,48 to reduce the

† Crane P, Gibbons LE, Jolley I, van Belle G,
University of Washington, Seattle, Washing-
ton, 2005
‡ Winsteps, PO Box 811322, Chicago, IL
60681-1322.

§ Scientific Software International Inc, 7383
N Lincoln Ave, Suite 100, Lincolnwood, IL
60712-1747.
� StataCorp LP, 4905 Lakeway Dr, College Sta-
tion, TX 77845.
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potential for a type I error. However,
because we were interested in iden-
tifying smaller amounts of DIF and
assessing its impact, we decided to
use ��.01, which was a compro-
mise between making the P value
small enough for a large data set and
not so small that our sensitivity to
identify DIF would be compromised.

Within each of the 4 steps outlined
above, we performed 2 separate
analyses. First, we evaluated each co-
variate alone, beginning in each case
with an unadjusted FS estimate. We
followed the steps of the difwithpar
process until we were confident
items with DIF were identified with
respect to that covariate. The dif-
withpar process produced a final FS
score that accounted for DIF with
respect to that covariate.

Second, we performed a set of anal-
yses to account simultaneously for
DIF related to all of the covariates.
We performed all analyses sequen-
tially for sex, surgical history, symp-
tom acuity, age group, exercise his-
tory, and language. The approach to
DIF with respect to several covari-
ates was performed exactly as has
been published.9,43,44

We plotted item category response
functions of items with DIF to visu-
ally confirm the relationship be-
tween the ordinal logistic regression
approach embodied by difwithpar
and the IRT conceptualization of
DIF.40 The curves represent proba-
bilities for responding at or higher
than each response category (y-axis)
plotted against knee FS measures

(x-axis) for each covariate. We as-
sessed concordance of item location
parameter estimates between lan-
guages using the intraclass correla-
tion coefficient (ICC [2,1]), which
we also analyzed graphically.49

DIF impact. In large samples, sta-
tistically significant DIF may have
little practical importance or im-
pact.9,40,48 This may be a concern in
this case, as we used a relatively le-
nient P value of .01 for nonuniform
DIF and had large sample sizes.
Therefore, we assessed patient-level
and group-level DIF impact.

For patient-level DIF impact, we per-
formed 2 analyses. First, we assessed
concordance between unadjusted FS
estimates and FS estimates that ac-
counted for DIF with respect to all
of the covariates using an ICC (2,1).
Second, we determined FS differ-
ences (ie, the difference between un-
adjusted [“naive”] FS estimates and
FS estimates that accounted for DIF)
as an indicator of DIF impact. We
determined FS differences from anal-
yses of DIF with respect to each co-
variate separately and FS difference
from the analysis with all of the co-
variates together. The rationale for
these calculations is that the only fac-
tor producing a difference between
the naive FS score and the FS score
that accounted for DIF with respect
to a single covariate is DIF related to
that covariate; the difference in
scores represents the cumulative ef-
fect of DIF on that individual with
respect to that covariate across all of
the items. In a similar fashion, the
difference between the naive FS
score and the FS score that ac-
counted for all sources of DIF repre-
sents the cumulative impact of all
sources of DIF on that individual
across all of the items.

Smaller values for these differences
indicate less DIF impact, whereas
larger values represent more DIF im-
pact. We have in prior publications

Table 1.
Patient Characteristics at Therapy Intakea

Characteristic

Hebrew
Data Set

(n�4,567)

Russian
Data Set

(n�4,567)

Age (y)

Mean 48.5 58.1

SD 16.7 13.9

Range 18–92 18–96

Age groups (%)

18 to �45 42.9 17.8

45 to �65 39.5 46.3

65 or older 17.6 35.8

Sex (% female) 51.8 67.0

Symptom acuity (%)

Acute 15.6 10.7

Subacute 31.8 32.1

Chronic 52.6 57.2

Surgical history (%)

None 79.4 85.2

One or more 20.6 14.8

Exercise history (%)

3 times or more/wk 40.5 38.7

1–2 times/wk 31.3 22.7

Seldom or never 28.2 38.6

a All differences between groups were statistically significant (P�.001). Differences in mean ages were
compared with a 2-sample t test; all other differences were compared with chi-square tests.
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indexed these differences to the me-
dian standard error of measurement
(SEM) for the cohort as a whole and
called differences larger than this “sa-
lient DIF impact.”9,43,44 We plotted
these FS differences using a box-and-
whisker plot. We determined the
number of patients with salient DIF.

For group-level DIF impact, we as-
sessed the magnitude of mean differ-
ences on the (0,1) standard normal
metric between unadjusted FS esti-
mates and FS estimates that ac-
counted for all sources of DIF in per-
centage of standard deviation units
of unadjusted FS estimates.

Results
Descriptive Data
On average, patients who answered
the CAT in Russian were older, had
more chronic symptoms, were more
likely to be female, received less sur-
gery, and exercised less compared

Table 2.
Item Discrimination and Location Parameters (Graded Response Model)a

Item

Combined Sample (N�9,134) Hebrew Data Set (n�4,567) Russian Data Set (n�4,567)

Slope
(SEM)

Location
(SEM)

Slope
(SEM)

Location
(SEM)

Slope
(SEM)

Location
(SEM)

SQUAT 0.95 (0.02) 1.16 (0.02) 0.89 (0.02) 0.95 (0.03) 0.97 (0.03) 1.42 (0.03)

HOBBY 1.07 (0.03) 0.91 (0.03) 1.16 (0.04) 0.99 (0.03) 1.05 (0.04) 0.86 (0.04)

LIFT 1.09 (0.02) �0.13 (0.02) 1.07 (0.02) �0.37 (0.02) 1.05 (0.02) 0.12 (0.02)

STAND 1.10 (0.02) 0.40 (0.02) 1.06 (0.03) 0.33 (0.03) 1.11 (0.03) 0.51 (0.03)

SHOES 1.14 (0.02) �0.64 (0.02) 1.17 (0.03) �0.73 (0.03) 1.10 (0.03) �0.53 (0.03)

STAIRS 1.14 (0.02) 0.32 (0.02) 1.21 (0.03) 0.15 (0.02) 1.02 (0.02) 0.53 (0.03)

WALK 1.15 (0.02) �0.52 (0.02) 1.23 (0.04) �0.76 (0.03) 1.08 (0.03) �0.30 (0.03)

WORK 1.17 (0.02) 0.21 (0.02) 1.15 (0.03) 0.14 (0.02) 1.18 (0.03) 0.32 (0.02)

HEAVY 1.21 (0.03) 0.29 (0.02) 1.27 (0.05) 0.12 (0.03) 1.06 (0.04) 0.49 (0.04)

CAR 1.31 (0.03) �0.18 (0.02) 1.28 (0.04) �0.38 (0.03) 1.29 (0.04) 0.03 (0.03)

BLOCKS 1.32 (0.01) 0.06 (0.01) 1.38 (0.02) �0.09 (0.01) 1.24 (0.02) 0.23 (0.01)

MILE 1.37 (0.03) 0.49 (0.02) 1.52 (0.04) 0.44 (0.02) 1.20 (0.04) 0.59 (0.03)

BATH 1.41 (0.03) �0.39 (0.02) 1.37 (0.05) �0.63 (0.03) 1.38 (0.04) �0.13 (0.03)

HOP 1.52 (0.03) 0.86 (0.01) 1.54 (0.04) 0.66 (0.02) 1.45 (0.04) 1.16 (0.02)

LIGHT 1.52 (0.03) �0.49 (0.02) 1.82 (0.07) �0.98 (0.02) 1.45 (0.04) �0.46 (0.02)

TURN 2.01 (0.04) 1.01 (0.01) 2.21 (0.06) 0.96 (0.01) 1.87 (0.05) 1.10 (0.02)

RUNEV 2.67 (0.05) 0.85 (0.01) 2.87 (0.08) 0.76 (0.01) 2.40 (0.07) 0.99 (0.01)

RUNUN 2.86 (0.06) 1.06 (0.01) 3.04 (0.09) 0.98 (0.01) 2.57 (0.09) 1.21 (0.01)

a Items are sorted by the combined sample slopes. See Appendix for item descriptions. SEM�standard error of measurement.

Figure 1.
Item exposure rate (ie, percent of computerized adaptive tests [CATs] with each item
from all CATs). Items are sorted by location parameters of the combined sample, from
low (left side of x-axis) to high (right side of x-axis) level of difficulty. See Appendix for
item descriptions.
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with patients who answered the
CAT in Hebrew (Tab. 1). Item expo-
sure rates are displayed in Figure 1,
which shows that the Hebrew sam-
ple, compared with the Russian sam-
ple, was exposed to slightly lower
rates of lower-level items and slightly
higher rates of higher-level items.
The average number of items ad-
ministered to patients for the 2 lan-
guages were similar, with 6.5
(SD�1.5) for Hebrew and 6.4
(SD�1.3) for Russian. Three to 17
items were required to meet CAT
stopping rules in both languages.

Fit of Data to the IRT Model
The CAT data from the Hebrew and
Russian samples fit the RSM well,
with all fit statistics ranging be-
tween 0.68 and 1.40 except for the
squatting item in the Russian sample
(infit�1.6, outfit�1.5). This result

was similar to fit analysis from the
original knee CAT assessment, with
only the squatting item exceeding
the 1.4 fit statistics, but was less than
2, thus representing adequate fit.16

The CAT data also fit the GRM well,
with category response curves pro-
gressing as expected from easier to
harder along the FS axis. Each re-
sponse curve had a maximum at a
progressively higher unique scale in-
terval. Item slopes for both Hebrew
and Russian language samples, as
well as for the combined sample,
were all greater than 0.89 (Tab. 2).
Results were interpreted as suggest-
ing good fit of the Hebrew and Rus-
sian data to both RSM and GRM.

DIF Presence
In the Hebrew sample (Tab. 3), only
one item (HOBBY) demonstrated
uniform DIF with respect to age. A

few items demonstrated nonuniform
DIF with respect to the other covari-
ates analyzed. In the Russian sample,
only 2 items (SQUAT and HOP)
showed nonuniform DIF with re-
spect to surgical history; no other
items showed uniform or nonuni-
form DIF with respect to any of the
other covariates (Tab. 4). Overall,
the amount of DIF detected was in-
terpreted as small for the Hebrew
sample and almost nonexistent in
the Russian sample.

Small amounts of nonuniform DIF
were detected in the combined sam-
ple with respect to age (3 items),
symptom acuity (1 item), sex (3
items), and surgical history (5 items).
Only 1 item (HOBBY) was found to
have uniform DIF with respect to age
and language (Tab. 5).

Table 3.
Presence of Differential Item Functioning (DIF) Related to Covariates in the Hebrew Sample (n�4,567)a

Item

Age Symptom Acuity Sex Surgery Exercise History

UF NUF UF NUF UF NUF UF NUF UF NUF

WORK .024 .815 .003 <.001 .001 .005 �.008 <.001 �.001 .168

HOBBY .088 .044 �.002 .277 .031 .991 �.012 .977 .017 .664

BATH .007 .312 .001 .111 .007 .362 .004 .384 �.002 .780

WALK �.001 .550 �.005 .364 �.001 .856 �.001 .317 .002 .521

SHOES �.001 .451 �.005 .753 �.001 .792 �.001 .019 .001 .081

SQUAT .010 .530 .010 .101 �.003 .059 �.011 .663 .001 .913

LIFT �.001 .914 .010 .716 �.001 .054 �.004 .148 �.001 .245

LIGHT �.001 .875 .010 .098 �.001 .101 �.001 .163 �.001 .722

HEAVY �.005 <.001 �.001 .129 �.001 .060 �.004 .100 .001 .110

CAR .008 .225 .004 .814 .003 .704 .014 .020 �.001 .548

BLOCKS �.005 .068 �.001 .688 �.001 <.001 �.002 .004 �.001 <.001

MILE .001 .259 �.003 .346 �.001 .766 �.003 .268 .007 .949

STAIRS �.005 .987 �.001 .769 .003 .975 .019 .152 �.002 .434

STAND .006 .082 .006 .012 �.001 .517 �.005 .086 �.001 .683

RUNEV .006 .432 �.001 .681 .002 .350 �.004 <.001 .001 .763

RUNUN .014 <.001 .001 .982 .002 .030 �.001 <.001 .004 .777

TURN .018 .580 �.001 .212 .019 .002 �.007 .901 .001 .890

HOP �.006 .925 .002 .191 �.001 .032 �.006 .003 �.001 .964

a UF�uniform DIF; values are relative difference between beta coefficients of the 2 logistic regression models and represent DIF when �5% (0.05).
NUF�nonuniform DIF; values are P values of the comparison of �2 log likelihoods of 2 regression models and represent DIF when �1% (0.01). Items that
showed DIF using these criteria are marked in bold. See Appendix for item descriptions.
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In the combined sample DIF analysis
for language, we found strong con-
cordance of item difficulty parame-
ter estimates between languages
(ICC [2,1]�.96). An identical ICC was
found when using item difficulty pa-
rameter estimates from the RSM using
WINSTEPS. Only 1 item (HOBBY) was
found to have uniform DIF, and 3
items (SQUAT, CAR, and STAND)
were found to have nonuniform DIF
(Tab. 5). The smallest P value for non-
uniform DIF was found for the SQUAT
item. The item boundary response
function plot for the SQUAT item sup-
ported DIF identified by difwithpar
(Fig. 2). This boundary response func-
tion plot demonstrates nonuniform
DIF by language for the SQUAT item.
These curves represent the probability
(y-axis) of each response category for
the 2 languages. Nonuniform DIF is
evident when the probability differ-
ences between the boundary response

function curves of each language, seen
as the gap between the solid (Hebrew-
speaking) and dashed (Russian-
speaking) curves for each boundary,
are different at different ability levels.
The SQUAT item seems to have DIF in
the lower ability levels of the scale and
almost no DIF at the higher ability lev-
els. It represents the single item with
the greatest amount of DIF; all other
curves were even more similar.

DIF Impact
Group-level results supported mini-
mal FS differences between unad-
justed FS estimates and FS estimates
that accounted for all sources of DIF,
with the largest difference of 0.003,
an amount so small as to be of no
clinical or practical importance. Dif-
ferences as percentages of the stan-
dard deviation of the unadjusted FS
estimates were small (largest differ-
ence was 0.29%). Patient-level results

supported similar, negligible impact
for DIF, with concordance values
(ICC [2,1]) between unadjusted FS
estimates and FS estimates account-
ing for sources of DIF greater than
0.999. No patient in the combined
sample had FS differences as large as
the median SEM (Fig. 3). As de-
scribed by Crane et al,44 the box-and-
whiskers plot displays the impact of
DIF for each covariate found to have
significant DIF on estimated knee
functional status measures in the
combined sample. Values in the plot
are the differences between IRT
measures that accounted for DIF and
IRT measures that ignored DIF for
each covariate that had significant
DIF. The box indicates the 25th and
75th percentiles, and the line in the
middle of the box indicates the me-
dian. The whiskers indicate 11⁄2 times
the interquartile range, and the dia-
monds indicate more extreme values.

Table 4.
Presence of Differential Item Functioning (DIF) Related to Covariates in the Russian Sample (n�4,567)a

Item

Age Symptom Acuity Sex Surgery Exercise History

UF NUF UF NUF UF NUF UF NUF UF NUF

WORK .019 .017 �.001 .474 .019 .265 �.001 .259 .003 .684

HOBBY .050 .209 �.001 .955 .018 .048 �.002 .679 .005 .799

BATH .003 .320 �.001 .940 �.002 .692 �.001 .969 .001 .149

WALK .001 .314 �.001 .587 �.001 .408 .003 .218 .001 .934

SHOES �.001 .666 .002 .731 .009 .801 .002 .458 .007 .187

SQUAT .015 .202 .004 .021 �.010 .416 �.003 <.001 .002 .893

LIFT �.001 .022 �.001 .100 �.003 .961 �.001 .326 �.001 .919

LIGHT .002 .436 .001 .043 �.001 .038 .001 .302 .002 .652

HEAVY �.006 .247 .002 .036 �.001 .573 .001 .568 .001 .395

CAR �.001 .381 .008 .239 �.006 .496 .001 .297 �.001 .261

BLOCKS �.002 .036 �.002 .876 �.003 .944 .001 .499 �.001 .468

MILE �.006 .787 .001 .850 �.004 .340 �.001 .802 �.001 .351

STAIRS �.005 .585 .001 .838 �.008 .926 .006 .653 �.001 .353

STAND .002 .908 .006 .210 �.003 .073 �.003 .405 .007 .540

RUNEV .004 .917 �.001 .031 .007 .530 �.001 .640 �.001 .363

RUNUN .006 .016 �.001 .613 .005 .451 �.001 .023 .002 .270

TURN .019 .590 .001 .568 .002 .696 �.001 .638 .007 .468

HOP �.003 .794 �.001 .095 �.001 .428 �.002 <.001 �.001 .349

a UF�uniform DIF; values are relative difference between beta coefficients of the 2 logistic regression models and represent DIF when �5% (0.05).
NUF�nonuniform DIF; values are P values of the comparison of �2 log likelihoods of 2 regression models and represent DIF when �1% (0.01). Items that
showed DIF using these criteria are marked in bold. See Appendix for item descriptions.
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No difference would be 0. Vertical
lines placed at multiples of 0.32 on a
standard normal metric (0,1) indi-
cate the median SEM found in this
sample. Any differences greater than
the median SEM are said to be asso-
ciated with salient scale-level differ-
ential item functioning. None were
found. Results were similar in the
Hebrew sample, with only 2 of 4,567
patients showing salient DIF impact.
No patients had salient DIF impact in
the Russian sample.

Results were similar when we strati-
fied patients by level of FS and eval-
uated items selected by their loca-
tion parameters. A few items with
DIF were found, and these items pro-
duced negligible impact in the low
and high FS subsets. In the low FS

Table 5.
Presence of Differential Item Functioning (DIF) Related to Covariates in the Combined Samplea

Item

Age
Symptom

Acuity Sex Surgical History
Exercise
History Language

UF NUF UF NUF UF NUF UF NUF UF NUF UF NUF

BATH .009 .491 .001 .259 .001 .663 .002 .844 �.001 .439 .003 .982

BLOCKS �.005 �.001 �.002 .708 �.003 <.001 �.001 .173 �.002 .013 �.002 .624

CAR .003 .765 .009 .154 �.001 .247 .009 <.001 �.001 .411 �.003 <.001

HEAVY �.010 <.001 .002 .017 �.001 .073 �.001 .163 �.003 .140 �.004 .379

HOBBY .109 .002 �.003 .103 .033 .085 �.008 .886 .018 .628 .067 .016

HOP �.005 .826 .001 .074 �.001 .018 �.004 <.001 �.002 .811 .006 .057

LIFT �.001 .343 .004 .571 �.002 .139 .001 .317 �.001 .396 �.006 .233

LIGHT �.001 .275 .001 .061 �.001 <.001 �.001 .048 .002 .505 .022 .783

MILE �.002 .705 �.001 .378 �.002 .264 �.002 .311 .002 .466 .009 .054

RUNEV .002 .772 �.001 .515 .002 .169 �.001 <.001 .001 .280 �.001 .396

RUNUN .005 <.001 .001 .566 .001 .046 �.001 <.001 .003 .317 .001 .024

SHOES �.001 .403 �.002 .575 .004 .490 �.001 .232 .005 .919 .001 .369

SQUAT �.001 .053 .010 .015 �.007 .199 �.006 .039 �.001 .757 �.010 <.001

STAIRS �.007 .760 .001 .754 �.004 .923 .011 .317 �.002 .296 �.003 .367

STAND .005 .081 .008 .001 �.002 .414 �.005 .427 .004 .779 .008 .004

TURN .020 .545 �.001 .073 .006 .043 �.003 .615 .004 .730 .013 .896

WALK .003 .161 �.002 .903 �.001 .982 .003 .106 .001 .835 .005 .862

WORK .023 .028 �.002 .060 .011 <.001 �.004 .001 .003 .159 .010 .233

a UF�uniform DIF; values are relative difference between beta coefficients of the 2 logistic regression models and represent DIF when �5% (0.05).
NUF�nonuniform DIF; values are P values of the comparison of �2 log likelihoods of 2 regression models and represent DIF when �0.01. Items that
showed DIF using these criteria are marked in bold. See Appendix for item descriptions.

Figure 2.
Boundary response function plot of the item (ie, SQUAT) with the largest amount of
nonuniform differential item functioning for the combined sample. See Appendix for
item descriptions.
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subset, there were no patients show-
ing FS differences larger than the me-
dian SEM. In the high FS subset, only
11 of 4,567 patients (0.24%) showed
salient DIF with respect to surgical
history.

Discussion
The knee CAT is efficient in routine
clinical use.3,17,50 Computerized adap-
tive testing FS estimates are reliable,
valid, sensitive to change, and re-
sponsive16,17 and can be interpreted
in clinically useful ways.25 In addi-
tion, prior analyses of the knee CAT
for patients in the United States who
spoke English and patients in Israel
who spoke Hebrew found negligible
DIF impact.9 In the current study,
we investigated the validity of the
knee CAT among Hebrew and Rus-
sian speakers in Israel. We found a
few items with DIF with respect to
a variety of covariates, but all DIF
detected was associated with negli-
gible individual-level and group-level
impact.

The sample of patients who an-
swered the CAT in Russian had de-
mographic characteristics different
from those of patients who an-
swered the CAT in Hebrew (Tab. 1).
The reasons for these differences
have been described previously.51 In
theory, differences in patient charac-
teristics between the 2 samples
could have led to finding DIF with
respect to language. However, very
little item-level and no group-level
DIF impact was identified or associ-
ated with these demographic charac-
teristics, a result that strengthens our
confidence in the cross-language DIF
analyses. The negligible DIF impact
across all analyses supports our con-
fidence in the cross-cultural validity
of the knee CAT. This confidence
also is buttressed by the robustness
of our findings across 2 IRT models.

Analysis of item exposure rates
(Fig. 1) showed similar though not
identical exposure rates between

samples, as patients from the Russian
sample had greater exposure to eas-
ier items and less exposure to harder
items. This item exposure rate differ-
ence could result from the Russian
sample being older and having more
chronic conditions. Indeed, FS esti-
mates at intake were slightly lower in
the Russian sample (mean��0.16,
SD�0.96) compared with the Hebrew
sample (mean�0.11, SD�0.98). As
a preliminary means of addressing
variable item administration across
language groups, we analyzed sub-
sets of the data set defined by FS
scores, and results were minimally
affected.

Our results suggest that DIF may be
safely ignored for analyses of knee FS
within Israel between patients who
speak Hebrew or Russian, as differ-
ences in FS across language groups
are unlikely to be due to DIF and
more likely to represent true differ-
ences. This result emphasizes the
need to identify factors responsible
for the difference in knee FS found
across language groups in our previ-
ous work.24 Once these factors are

identified, ways to reduce disparities
across cultural groups can be sug-
gested, implemented, and quantified.

We analyzed DIF using CAT data be-
cause complete data from patients
who answered all items were not
available. Use of CAT data to assess
DIF is challenging because of the
adaptive nature of the test, which
results in different subsets of items
being administered to different par-
ticipants (Fig. 1).52 However, the
software (PARSCALE, difwithpar,
and Stata) used to generate FS esti-
mates with CAT data managed miss-
ing data well, as we have seen pre-
viously.9 We believe that our
relatively large sample size and our
methods, which included analyzing
the full item bank and analyzing sub-
sets of items stratified by difficulty
levels, provided an adequate data set
with which to assess DIF.

We found a few items with DIF in
the Hebrew and combined samples
but almost no items with DIF in the
Russian sample. This finding sug-
gests that the source of DIF in the

Figure 3.
Individual-level differential item functioning impact: combined Hebrew and Russian
sample (N�9,134).
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combined sample may be Hebrew
speakers, which might have affected
our previous results.9 Our Hebrew-
speaking sample may be more heter-
ogeneous than the Russian-speaking
sample, as it included people who
immigrated to Israel or were chil-
dren of immigrants to Israel from all
around the world. In contrast, most
of the patients who answered the
CAT in Russian immigrated from Rus-
sia during the 1980s and early 1990s,
thus representing a more culturally
homogeneous sample.

The HOBBY item had DIF with re-
spect to age in the Hebrew and com-
bined samples and with respect to
language in the combined sample
(Tab. 5). The HOBBY item also
showed relatively lower fit to the
data (Tab. 2). Patients from different
age or language groups might have
different hobbies that represent dif-
ferent levels of challenge to the
knee, which thus are perceived dif-
ferently. If DIF impact had not been
negligible, a revision of this item’s
content might seem reasonable to
improve fit to the data and decrease
the identified statistically significant
DIF. Even with the HOBBY item in-
cluded, only 2 patients had salient
DIF impact. These findings suggest
negligible DIF impact; any culturally
pertinent differences in hobbies
were of no practical consequence in
the assessment of FS.

The FS measures estimated using
the knee CAT have been assessed for
the smallest difference patients per-
ceive as beneficial, known as the
minimal clinically important differ-
ence (MCID).53 Although important
change was dependent on intake FS
score, the cut-point of 9 out of 100
FS units was identified for the entire
scale as an amount of change rele-
vant to patients.17 The knee CAT in-
cluded a stopping rule of SEM�4 out
of 100 scale units, which is equiva-
lent to SEM�0.5 logits, similar to
other published stopping rules for

CATs.54,55 The median SEM we used
as an indicator of salient DIF impact
was �0.3, or �25% of the MCID.
These results suggest that there was
no relevant DIF impact43 related to
the covariates assessed in this study.

Crane et al42 have described what we
found in our data, namely, use of
large samples can detect item-level
DIF with negligible impact. Our re-
sults suggest that DIF in the knee
CAT can be ignored in group com-
parisons.42 Patients in Israel who an-
swered the knee CAT in Hebrew or
Russian with equivalent FS levels re-
spond to the knee items similarly,
regardless of differences found in pa-
tient characteristics or cultural differ-
ences. These results support the va-
lidity of the translations of the FS
items into Russian. The Russian CAT
is practically equivalent to the He-
brew CAT, which was previously
found to be equivalent to the original
English version of the knee CAT.9

Future cross-cultural comparative ef-
fectiveness studies should use stan-
dardized, patient-centered measures
that have been assessed for con-
struct validity across nations or
across subpopulations who speak a
variety of languages. It is not recom-
mended to evaluate disparities in
health outcomes between patients
who answer surveys in different lan-
guages if the health outcome is not
assessed in an identical fashion for all
populations.

Limitations
We would have preferred to analyze
complete data where patients an-
swered all items in the scale, but
only CAT data were available. There
are different views regarding the ap-
propriate IRT model used for DIF
assessment. We felt that the methods
for DIF detection described by Crane
and colleagues,40–45 which combine
multiple ordinal logistic regression
and 2-parameter IRT FS estimates,
are appropriate when the data fit the

GRM. However, because our data
also fit the 1-parameter RSM, we also
tested DIF presence by language us-
ing another 1-parameter model, the
Partial Credit Model,56 and found
similar results, with only the HOBBY
item representing important uniform
DIF (results available upon request).
A full analysis of DIF presence and
impact using other DIF techniques is
beyond the scope of our article but
might be beneficial.57

In conclusion, we examined possible
reasons for cultural differences in
functional outcomes related to DIF
in a knee-specific CAT item bank.
Several items were found to have
DIF, but we found no practical DIF
impact. Differences in FS scores
across groups may reflect some un-
derlying health disparity rather than
being due to DIF. Results support
the validity of the Russian-translated
item pool compared with the He-
brew translation. This suggests cross-
cultural comparisons of outcomes
measures from the knee CAT used in
Israel can progress, so ways to im-
prove quality of life of patients dis-
charged with lower outcomes can be
identified. Additional studies are
needed to assess presence and im-
pact of cross-cultural DIF for other
languages used to answer the knee
CAT (Spanish and Arabic) or be-
tween languages used to answer
other CATs before using these mea-
sures with confidence for cross-
cultural comparative effectiveness
research.
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Appendix.
Item Descriptions

Item Description

BATH Getting into or out of the bath

BLOCK Walking 2 blocks (first computerized adaptive test item)

CAR Getting into or out of a car

HEAVY Performing heavy activities around your home

HOBBY Your usual hobbies and recreational or sporting activities

HOP Hopping

LIFT Lifting an object such as a bag of groceries from the floor

LIGHT Performing light activities around your home

MILE Walking a mile

RUNEV Running on even ground

RUNUN Running on uneven ground

SHOES Putting on your shoes or socks

SQUAT Squatting

STAIRS Going up or down 10 stairs (about 1 flight of stairs)

STAND Standing for 1 hour

TURNS Making sharp turns while running fast

WALK Walking between rooms

WORK Any of your usual work, housework, or school activities
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