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Introduction: In Europe it is common for outcome measures to be
translated for use in other languages. This adaptation may be
complicated by culturally specific approaches to certain tasks; for
example, bathing. In this context the issue of cross-cultural validity
becomes paramount,

Objective: To facilitate the pooling of data in international studies,
a project set out to evaluate the cross-cultural validity of impairment
and activity limitation measures used in rehabilitation from the
perspective of the Rasch measurement model.

Methods: Cross-cultural validity is assessed through an analysis of
Differential Item Functioning (DIF) within the context of additive
conjoint measurement expressed through the Rasch model. Data
from patients undergoing rehabilitation for stroke was provided
from 62 centers across Europe. Two commonly used outcome
measures, the Mini-Mental State Examination (MMSE) and the
Functional Independence Measure (FIM) motor scale are used to
illustrate the approach.
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Results: Pooled data from 3 countries for the MMSE were shown to
fit the Rasch model with only 1 item displaying DIF by country. In
contrast, many items from the FIM expressed DIF and misfit to the
model. Consequently they were allowed to be unique across coun-
tries, so resolving the lack of fit to the model.

Conclusions: Where data are to be pooled for international studies,
analysis of DIF by culture is essential. Where DIF is observed,
adjustments can be made to allow for cultural differences in out-
come measurement.
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hroughout Europe, a wide range of therapeutic interven-

tions is used within rehabilitation, often country-specific
and reflecting the different traditions of health care. To match
this diversity of treatment modalities, there is also a broad
range of outcome measures used to evaluate the efficacy of
treatment.’ These measures focus mostly on aspects of im-
pairment and activity limitation (disability) as defined by the
International Classification of Functioning, Disability and
Health (ICF).> Their use, which attempts to quantify the
results of rehabilitation, is seen as an increasingly important
part of good clinical practice. However, if we wish to identify
the most effective and efficient treatment modalities at the
European level, it follows that we require outcome measures
that serve this purpose.

Some attempt at standardization of outcome measure-
ment in rehabilitation has been made in North America. The
Functional Independence Measure (FIM),? a measure of dis-
ability, is used across a wide range of conditions and in a
wide range of situations in rehabilitation. This scale has also
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been widely adopted throughout Europe.*~® Despite this,
across Europe, each diagnostic group tends to have its own
set of commonly used outcome measures.' For example, for
the diagnosis of stroke, as well as the FIM, measures such as
the Barthel Index’ and the Mini-Mental State Examination
(MMSE)* are also widely used.

Once outcome measures are introduced, it is common
for them to be translated for use in other languages.’~'? In
this context, the issue of cross-cultural validity becomes
paramount. Although guidelines, both old and new, exist for
adapting instruments into different languages,'>'* these tend
to focus on self-complete instruments, whereas those mea-
sures in use in routine clinical practice tend to involve
assessment of impairment and disability by professionals,
Although in principle the adaptation procedures should be
similar, it is often unclear as to exactly how (and by whom)
these clinical measures were first translated.>'>™'® For pur-
poses of comparing the rehabilitation services across Europe,
it thus becomes essential to determine whether or not differ-
ent language versions of such measures do work in the same
way.

The objective of this paper is to demonstrate the use of
Differential Item Functioning (DIF) as a mechanism to eval-
vate the cross-cultural validity of outcome measures used in
rehabilitation and so facilitate the pooling of data in interna-
tional studies. The approach is set within the framework of
the Rasch unidimensional measurement model.'**® Within
Item Response Theory [IRT] this is known as the 1-parameter
model. IRT is a general statistical theory about item (question
or task) and scale performance and how that performance
relates to the abilities measured by the items in the scale.?!
Although early work in IRT was contiguous with that of
Rasch (and it was known as Latent Trait Theory in the 1950s)
it was Lord and Novick’s 1968 publication®? of their seminal
work on Statistical Theories of Mental Test Scores, and
particularly the contribution of Birnbaum,?® that formally
established IRT. Today, IRT. encompasses many different
types of parametric and nonparametric models, each with
various extensions of the original dichotomous model.*
However, the Rasch model has unique properties which are
crucial to attaining additive conjoint measurement,* a pre-
requisite for the calculation of change scores, effect sizes and
drawing correct inferences from various statistical tests which
are common in health outcome studies.”®=°

The Rasch model is a unidimensional model which
asserts that the easier the item the more likely it will be
passed, and the more able the person, the more likely they
will pass an item compared with a less able person. The
dichotomous Rasch model assumes that the probability of a
given respondent to give a “correct” answer to a particular
item is a logistic function of the relative distance between the
item location and the respondent location on a linear scale. In
other words the probability that a person will affirm an item
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is a logistic function of the difference between the person’s
ability [6] and the difficulty of the item [b] (ie, the ability
required to affirm item i), and only a function of that differ-
ence.

e(()n -~ bi)

ni

B 1+ el =5 )
where p,,; is the probability that person »n will answer item /
correctly (or be able to do the task specified by that item), 6
is person ability, and b is the item difficulty parameter.

From this, the expected pattern of responses to an item
set is determined given the estimated 6 and b. When the
observed response pattern coincides with or does not deviate
too much from the expected response pattern, then the items
constitute a true Rasch scale.*’ Taken with confirmation of
local independence of items, that is, no residual associations
in the data after the Rasch trait has been removed, this
supports unidimensionality **-3

The model can be extended to cope with items with
more than 2 categories,”® and this involves an explicit
“threshold” parameter (7), where the threshold represents the
equal probability point between any 2 adjacent categories
within an item. In the logit form this is:

( Pnik )
In =0, - b — 7 2
1_Pnik ¢ ( )

where P is the probability of person » affirming category # in
item i; 0 is person ability, b is the item difficulty parameter,
and T, is the difficulty of the & threshold. The model used in
the present analysis is a further derivation, the Partial Credit

Model*®

Pnik

In 1—p :011 - bi/( (3)
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where no assumptions are made about the equality of thresh-
old locations relative to each item.

It is easy to see how the approach was readily adopted
in rehabilitation in the late 1980s.>¢7® Patients undergoing
rehabilitation have a given ability level, and they are pre-
sented with a range of tasks with differing degrees of diffi-
culty. The language of ability and difficulty easily transferred
from education to rehabilitation. From this early work the
approach quickly moved into the mainstream of health status
measurement.>”*® The early published work on Rasch anal-
ysis in rehabilitation explored issues of unidimensionality and
scaling properties®® and this has remained a central theme to
date 4143

However, the approach can also contribute to the issue
of cross-cultural validity. Essentially the scale should work in
the same way, irrespective of which group is assessed. Thus,
the location of items along the measurement construct should
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remain the same across cultures. Originally, tests for such
differences came under the rubric “item bias.” Here, individ-
vals with the same score on a test are expected to have the
same probability of affirming an item, irrespective of any
group membership.** This type of analysis has latterly been
given the name DIF.** The basis of the DIF approach lies in
the item response logistic function, the proportion of individ-
vals at the same ability level who answer a given item
correctly (or can do a particular task). Under the requirement
that the ability under consideration is unidimensional, if the
item measures the same ability across groups then, except for
random variations, the same proportion is found irrespective
of the nature of the group for whom a function is plotted.*®
Items that do not yield the same item response function for 2
or more groups display DIF and are violating the requirement
of unidimensionality.*’ Consequently, it is possible to exam-
ine whether or not a scale works in the same way by
contrasting the response function for each item across cul-
tures, It was thus the potential of the IRT approach, and
specifically the application of the Rasch model with its
attendant measurement properties, which led to the project to
examine cross-cultural validity, funded under the European
Commission’s BIOMED2 program. This project was the
European Standardization of Outcome Measurement in Phys-
ical Medicine and Rehabilitation which, as with all European
funded projects, is given a mnemonic, in this case PRO-
ESOR.

MATERIALS AND METHODS

Rasch Analysis

Thus the project sought to explore the potential of the
IRT Rasch model for evaluating the cross-cultural validity of
outcome scales used in Rehabilitation in Europe. A survey of
the use of outcome measures across Europe (1) identified a
set of measures for evaluation. Two scales identified in this
survey have been chosen to illustrate the approach, both
commonly used with patients who have had a stroke. These
are the MMSE® and the FIM motor subscale.> The former is
a measure of cognitive impairment and the latter, a measure
of activity limitation, looking at the independence in activi-
ties of daily living,

The approach, utilizing the Rasch model described
above, follows a sequence of analyses. All analysis is under-
taken on pooled data with age, gender, and country entered as
“person factors” for subsequent DIF analysis. In the first
instance, where data are polytomous, an analysis is under-
taken of the ordering of each category. An “ordered category”
implies that the response categories (eg, 1, 2, 3...) reflect an
increasing amount of the latent variable under investigation.
The boundaries between categories, as we have seen above,
are called “thresholds” and it is possible to observe “disor-
dered thresholds™ in the data, where, for example, with an
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increasing category number representing higher disability,
the threshold between categories 2 and 3 is found to represent
a lower level of disability than the threshold between cate-
gories 1 and 2.%° Where this occurs, it will be necessary to
collapse adjacent categories which can be undertaken as part
of the ongoing Rasch analysis.

Following this, the data are then (re)fitted to the Rasch
model to determine overall fit, and how well each item fits the
model. These statistics indicate how far the observed data
match that expected by the model. Three overall fit statistics
are considered. Two are item-person interaction statistics
distributed as a Z statistic with mean of zero and SD of 1
(which indicates perfect fit to the model). A third is an
item-trait interaction statistic reported as a x?, reflecting the
property of invariance across the trait. This means that the
hierarchical ordering of the items remains the same at differ-
ent levels of the underlying trait, indicated by a nonsignificant
x°. In addition, individual item-fit statistics are presented,
both as residuals (a summation of individual person and item
deviations—usually acceptable within the range *+ 2) and as
a x° statistic (deviation from the model by groups of people
defined by their ability level—requiring a nonsignificant y?;
ie, a P value of 0.05 and above, with appropriate adjustment
for repeated tests). Misfit of items indicates a lack of the
expected probabilistic relationship between the item and
other items in the scale. This may derive from DIF (see
below) or may indicate that the item does not contribute to the
trait under consideration.

Where data fit the Rasch model, an estimate of both
person ability and item difficulty is provided on the same
linear scale. The logit scale is an interval scale, where each
unit represents an increase in the odds of a person succeeding
on an activity by 2.716 times. It is customary to set the mean
difficulty of items as 0.0 logits to solve the indeterminancy of
the scale. The items are situated along the interval scale
according to their difficulty. The average person ability and
spread (ie, the SD) will indicate how well the scale is targeted
at the sample, with less well-targeted scales having an aver-
age person ability well away from the central zero logit. A
person separation index can be used to compute the number
of discernible strata in the distribution of patient measures.*®
The index gives a practical indication of how precisely
patients have been spread out along the measurement con-
struct defined by the items.

As we have seen, within the framework of Rasch
measurement, the scale should work in the same way, irre-
spective of which group is being assessed. Thus, in the case
of disability, the probability of a person affirming an item (or
category) at a given level of disability should be the same for
younger or older people, men and women, and so on. Items
that do not yield the same item response function for 2 or
more groups display DIF and are violating the requirement of
unidimensionality.*” Consequently, every item is checked for
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DIF by age and gender and, for the current analysis, by
country.

Briefly, for the response of each person to each item,
the standardized residual Z,; of the observed score X,; from

ni

that predicted by the model, £[X,,] is calculated according to

/Yni - E[/Ym]
Ly == “)
V[/Yni]

Then each person is classified according to one of G
class intervals and for example, in the case of gender, giving
a set of residuals suitable for a 2-way analysis of variance
(ANOVA) design.*® Thus, the statistical test used for detect-
ing DIF is an ANOVA of the person-item deviation residuals
with person factors (eg, gender) and class intervals (eg,
Group along the trait) as factors. Two types of DIF can be
identified: uniform and nonuniform DIF. With the former,
there is a constant difference between groups in the proba-
bility of affirming an item (or category) across the trait
(ANOVA main effect), and with the latter the difference
varies across the trait (ANOVA interaction effect).

Where some but not all items display DIF, adjustments
can be made to allow items with DIF to vary by group. The
approach adopted has been described as an iterative “top-
down purification” approach in that a requirement for iden-
tifying DIF is a baseline set of “pure” items.*® Consequently,
a biased item with the poorest fit to the Rasch model is
removed first and the procedure repeated until an unbiased
and scalable subset of items is identified.>’ The rejected items
are then reintroduced to test the results. When an item
displays DIF, it is rendered unique to the group(s) which
display DIF. For example, suppose that Italy displayed DIF
for a bathing item, compared with England and Sweden (post
hoc tests for the ANOVA identify where the difference(s)
lie). In this case, the item would be split into 2, with 1 item
for Italy (and the responses for patients from England and
Sweden entered as structural missing values) and 1 item for
England and Sweden together (with the responses for Italian
patients entered as structural missing values). Consequently,
there would be now 2 bathing items, an Italian item and an
Anglo-Swedish item. The unsplit (pure) items act as links in
the calibration. In this way, item difficulty for some items is
allowed to vary across countries, Fit is again reassessed, and
if items still display misfit to the model, then they are
removed from the scale and do not contribute to the person
estimate.

Finally, person-item deviation residuals are examined
by principal components analysis (PCA) for associations
which may be indicative of the breach of the assumptions of
local independence. The absence of such associations, taken
with adequate fit to the Rasch model, support unidimension-
ality and indicate that the attributes of conjoint additive
measurement are retained in the data.

1-40

Sample Size and Statistical Software

Sixty-two rehabilitation facilities contributed anony-
mous data from consecutively admitted patients. It was
known that a sample size of 150 patients would estimate the
item difficulty, with @ of 0.01, to within % 0.5 logits.>* This
sample size is also sufficient to test for DIF where (a) at o« of
0.01 a difference of 0.5 SD within the residuals can be
detected for any 2 groups with 8 of 0.20; or (b) with identical
o and B, a difference in SDs within the residuals can be
detected where this difference varies by 0.1 logits across each
of 6 groups.>® Bonferroni corrections are applied to both fit
and DIF statistics due to the number of tests undertaken for
any given scale.**

In any event, 3 countries, Italy (n = 108), Slovenia (n
= 78) and Sweden (n = 149) contributed 335 cases for the
analysis of the MMSE, and data were received from 6
countries (Belgium 143, France 157, Italy 1046, Israel 319,
Sweden 642, and UK 239) for the FIM motor scale. Due to
the unequal sample size for the latter scale, a random sample
of cases was taken from Italy, Sweden, and Israel to provide
approximately 150 cases from each country for the analysis.
This was necessary to conform to equal group size require-
ments for the ANOVA of residuals.’>

Rasch analysis was undertaken using the RUMM2010
package.*®

The Outcome Measures

Briefly, the FIM motor scale comprises 13 items with a
1-7 category response. Items are tasks, ranging from bladder
management, to climbing stairs. A category response of 1
reflects total dependence, and 7, total independence. Thus a
total score can range from 13 to 91. The MMSE covers 6
domains, including orientation and recall. The domains have
a variable number of items, and the items have a different
number of categories (ranging from dichotomous to a 6-cat-
egory response). In practice, 11 items are summated with a
maximum score of 30. A low score reflects cognitive dys-
function, with a score of 23 considered nonnormal; 24 and
above, normal,

RESULTS
The MMSE

Overall, items were found to fit the model (Table 1;
Item Fit Mean —0.038, SD 1.300) and the Person Separation
Index was satisfactory (0.899). However, Item-Trait Interac-
tion showed marginal significance, indicating a variable hi-
erarchical ordering of items across the trait (x* (df =33)
58.203, P = 0.004357). Also, 5 items displayed disordered
thresholds (Fig. 1). For example, while the item “disorienta-
tion in time” displayed ordered thresholds, in that each
category demonstrates an increasing level of the trait of
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Copyright & Lippincoft Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Medical Care ¢ Volume 42, Number 1 suppl, January 2004 Cross-Cultural Validity Within the Framework of the Rasch Model

TABLE 1. Fit of MMSE to Rasch model

Item Location SE Residual X Probability
Orientation time 0.61 0.07 0.28 0.24 0.6221
Orientation place —0.09 0.08 -1.76 1.15 0.2843
Registration —1.39 0.18 —0.40 0.81 0.3670
Attention and calculation 1.14 0.11 ~0.41 0.81 0.3686
Recall 0.44 0.16 0.99 0.33 0.5669
Language naming —3.09 0.44 —1.46 1.22 0.2690
Language repeating 0.40 0.16 1.08 1.29 0.2567
Language command-—verbal —-0.48 0.14 0.56 0.14 0.7042
Language command——written —0.24 0.18 —1.27 3.04 0.0811
Language write 0.58 0.16 0.41 0.04 0.8406
Copying 2.13 0.14 1.61 2.72 0.0988

mental state, the item ‘“registration” failed to display an
ordering over the trait and could thus not be presented in a
graphical fashion as the categories are out of order.

These items were rescored to see if fit to the model was
improved. During rescoring, 2 items had to be reduced to
dichotomous responses. These were “Language—naming”
and “Recall”. This produced an improvement in overall fit to
model (Item Fit Mean —0.034, SD 1.113; Person Fit Mean
—0.144, SD 0.464) and all individual item fit statistics were
satisfactory, both for residuals and x* (Table 2). The Item-
Trait Interaction statistic became nonsignificant (y* (11)
11.799, P = 0.378962), demonstrating invariance across the
trait. The Person Separation Index remained satisfactory

(0.897), indicating the scale was able to differentiate almost
4 separate groups of patients across the scale.*®

Although the overall fit of the data to the model was
good, 2 items were found to display uniform DIF by age, and
1 item displayed nonuniform DIF by country. The “lan-
guage—naming” and “language—copying” displayed uni-
form DIF by age. The “language command—written” item
displayed DIF by country, and the comparative response
functions for this item are shown in Figure 2. A Bonferroni
corrected probability of 0.0045 would indicate a significant
difference in these circumstances.

In Figure 2, the model expectation curve for the item is
given, and also for each country. In practice, for each country,

Qrientation time l g

4

Orientation place I 0 {1 2

Fegistration w
Aftention and Caleulation ™
Recal b

L.ahguage naming i

Language repeating l 0

Language command verbal ¥

Language command writter 0 b

Language write | 0

Copying |
i i ! i i
2 1 0 1 2

* = Heversed thresholds
FIGURE 1. Threshold ordering of MMSE.
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TABLE 2. Fit of MMSE (adjusted for DIF) to Rasch model

Item Location SE Residual X Probability
Orientation time 0.58 0.07 0.31 3.49 0.4793
Orientation place —0.13 0.08 —1.76 4.60 0.3313
Registration —1.42 0.18 —0.41 2.87 0.5798
Attention and calculation 1.11 0.11 —0.36 3.27 0.5143
Recall 0.42 0.16 0.98 3.50 0.4778
Language naming -3.12 0.44 —1.44 3.99 0.4069
Language repeating 0.37 0.16 1.09 7.03 0.1344
Language command—verbal —0.52 0.14 0.56 2.96 0.5640
Language command—written —0.56 0.22 —1.34 3.83 0.4294
Language command—written, Slovenia 0.63 0.34 —0.86 241 0.6610
Language write 0.55 0.16 0.46 1.80 0.7726
Copying 2.10 0.14 1.63 2.21 0.6973

the expected score is given for 2 groups of people at
different levels of the trait (the number of groups is
determined by sample size). It becomes obvious from
Figure 2 (as well as post hoc tests) that the difference in
response function can be attributed to the Slovenia data.
Consequently, the item was split in 2; 1 for Italy and
Sweden together and 1 for Slovenia. Following this, fit of
the resulting 12-item scale to the model was found to be
good (Item Fit Mean —0.095, SD 1.099, Person Fit Mean
—0.146, SD 0.462; Item-Trait Interaction x* (48) 41.957,
P = 0.717653; Table 3), and DIF for country was absent.
PCA analysis of residuals showed no discernable pattern,
with the first factor taking 13% of the variation among the
residuals, so supporting unidimensionality.

The FIM Motor Subscale
Overall fit to the model of the FIM motor scale was
poor (Item Fit Mean —0.360, SD 4.642). The Item-Trait

Interaction statistic was significant (x* (117) 504.309, P <
0.0001) showing a lack of invariance across the trait. Indi-
vidual item fit is shown in Table 3.

Only 5 of the 13 items were found to have ordered
thresholds. Consequently, 8 disordered items had to be res-
cored, 3 of which had to be dichotomized (Fig. 3).

Following rescoring overall fit to the model remained
poor (Item Fit Mean —0.444, SD 2.450) and the Item-Trait
Interaction Statistic remained significant (x* (117) 229.288, P
< 0.0001) although the Person Separation Index was satis-
factory (0.969). DIF was tested with respect to age, gender,
and country. No items were found to have DIF by gender or
age, but 8 items were found to have DIF by Country (Table
4). Consequently, the items that displayed DIF were split and
made unique across Countries. A new analysis was run on the
resulting 53 items (5 original “pure” items and 8 split across 6
countries). Items with disordered thresholds were once again

ftern: Language command written [I0009] - 3 Levels for Person Factor, COUNTRY  Slope
0.
E
K
P g -
e i j & W faly
I ’f Sl
§ 05 {j’ & o Sloveria
e ’ s Svethen
i | /
by
(%3
] &
r "/
2 -
P
00 S et . . —" —ty : ‘ :
-& -5 -4 -3 -2 -1 0 1 2 3 4 5 B
Person Locstion (lagits)

FIGURE 2. Comparative response functions for the item “language command—uwritten” in the MMSE.
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TABLE 3. FIM individual item fit*

Item Location SE Residual X Probability
Eating =1.11 0.04 6.39 80.46 0.0000
Grooming -0.41 0.03 0.34 8.95 0.4423
Bathing 0.39 0.03 —-3.37 27.06 0.0014
Dressing—upper body 0.03 0.03 —0.87 23.67 0.0049
Dressing—lower body 0.47 0.03 —6.00 41.53 0.0000
Toileting 0.11 0.03 —-4.14 31.97 0.0002
Bladder management —0.64 0.03 5.74 49.70 0.0000
Bowel management —0.88 0.03 4.70 42.88 0.0000
Transfer bed -0.15 0.03 —5.79 39.26 0.0000
Transfer toilet —0.04 0.03 —=7.39 57.19 0.0000
Transfer tub 0.80 0.03 1.88 24.29 0.0039
Walk/wheelchair 0.24 0.03 1.57 14.17 0.1164
Stairs 1.19 0.03 2.27 63.20 0.0000

*Bonferroni corrected significance level P = 0.0008.

rescored, and misfitting items were deleted, reducing the scale to
50 items (all 5 original items—Eating, Dressing-Upper Body,
Bladder Management, Walk/Wheelchair and Stairs—to serve as
“link” items, and 45 split items). The unique “transfer-toilet”
items for Sweden and Israel were deleted, along with the
“grooming” item for Italy. The final fit of this scale was good at
the individual level, and at the Item Fit level (mean —0.462, SD
1.550), although the Item-Trait Interaction statistic remained
borderline nonsignificant (x* (50) 89.889, P = 0.000462). Final

fit of the individual 50 items is shown in Table 5. Once again,
PCA ofresiduals showed no discernable pattern among the data,
with a first factor accounting for only 19% of the total variation,

DISCUSSION
A DIF approach within the framework of the Rasch
measurement model offers a sophisticated way of identifying
and, under certain circumstances, of adjusting for problems
associated with cross-cultural differences in outcome scales.

Eating

Bowel M anagement

Toileting

Bladder Management

Grooming

Transfer Bed

Transter Toilet

Dressing-Upper Body

Bathing

Dressing-Lower Body

Walk/wheel chair

Transfer Tub

Stairs

** = Reversed thresholds

FIGURE 3. Threshold Map of FIM motor scale following rescoring.
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TABLE 4. FIM motor items displaying DIF by country*
Uniform Nonuniform

Item F P F P

Grooming 4.759  0.00025

Bathing 10.340 <0.0001

Dressing—lower body 1.991 <.0001

Toileting 8.548 <0.0001

Bladder management 4.735 <0.0001

Bowel management

Transfer bed 20,56 <0.0001

Transfer toilet 5.359 <0.0001 2.086  <0.0001

Transfer tub 39.11  <0.0001 3.232 <0.0001

*Bonferroni corrected significance level P = 0.0008.

The 2 scales chosen for illustration in this paper, despite their
widespread use as international standards, both demonstrated
initial problems with basic measurement requirements. At a
given level of the trait, the probability of response to various
categories was shown to be different across Countries.
Through adjusting for DIF, these problems were resolved for
the MMSE, and largely for the FIM. Given this adjustment,
unidimensionality was supported, although the solution for
the FIM required the omission of 3 county-specific items.

Fit of the data to the Rasch model, including a PCA of
the residuals to test the local independence assumption,
supports the unidimensionality of the scale. Although factor
analysis is a traditional approach to determine unidimension-
ality, there are considerable problems associated with using
ordinal data for this type of analysis and, for example,
spurious factors can be caused by DIF.>’

MMSE scores have previously been found to be influ-
enced by both culture and educational level®® and Teresi and
colleagues®® have identified DIF for culture and education,
The latter has not been considered in the present analysis but,
particularly with an expanding Europe, may introduce an-
other important source of DIF which will need to be consid-
ered. It has also been suggested that for cognitive screening
tests, shorter tests composed of easier items which rely more
on memory recall, rather than performance related to lan-
guage and literacy, would perform better.® The interaction
between culture and educational level, and its effect upon
DIF, remains unknown.

The FIM is widely used in rehabilitation throughout
Europe and North America and poses particular challenges
for cross-cultural studies. This is explicitly acknowledged by
proponents of the FIM who have established formal proce-
dures for translation and training across countries. It became
clear during the analysis that the original scoring function of
7 categories is not working well. This is true both across and
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within countries, such as Italy, where formal training pro-
grams help therapists and others assign grades according to
strict criteria. The rescoring undertaken in the analysis above
suggests that a common scoring function across items may be
difficult to achieve,in that some items had to be dichoto-
mized. This indicates that some tasks are perceived by ther-
apists as an “all or nothing” situation for patients, compared
with other tasks which can be graded. However, it is possible
that such a situation may vary by diagnostic group.

Many items displayed DIF by Country, but through
making those items unique to each Country, a solution was
found that included most items for most Countries. However,
problems remain. The “grooming” item in Italy for example,
would not fit the model as a Country-specific item. Analysis
of the Italian data only (not shown) showed this item to lack
fit to the model. Is this because the adaptation of the scale to
the Italian culture brought about a fundamental change in its
relationship with other items? The FIM motor scale works in
other Countries, for example the UK, which suggests that the
adaptation may have changed the item. We must also stress
here that it is not the wording of the item that necessarily
changes, but rather the way in which the task is evaluated in
the clinical setting, Once again, different traditions across
Europe may influence this, for example, in the way in which
patients are bathed in a hospital setting.®’ This may result in
subtle differences in the degree of difficulty of the tasks.

However, other issues may be relevant here; for
example, the nature of the underlying lesion causing the
stroke (DIF by case mix, based on lesion type). If the case
mix is not homogeneous across countries, this may cause
the discrepancy and should be investigated before defini-
tive statements are made about the quality of the scale.
Even on homogeneous case mix, with an apparent paradox,
differential training may be a source of DIF, as long as it
introduces systematic differences in interpretation of the
items across countries.

There are several methodological issues which are
raised by proposing this approach as a standard for assess-
ing and adjusting for the cross-cultural validity of outcome
measures across Europe. The detection of DIF by ANOVA
techniques is vulnerable to sample size issues. With large
samples, DIF can usually be found. Therefore this issue
becomes one of substantive difference as opposed to sta-
tistical significance, yet there is little literature to guide
what might constitute a substantive difference. Sample
size also affects interpretation of y*-based fit statistics®?
and, again, with large enough sample sizes, misfit to the
model can always be found. In the current study, we took
samples of patients from some countries which returned
large numbers of cases, to satisfy the equality of group
requirements in the ANOVA analysis. We know, in the
case of the Rasch model, that certain sample sizes can
deliver given levels of precision for the parameter esti-
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TABLE 5. FIM motor scale adjusted for DIF at the country level*

Item Location SE Residual X Probability
Eating -5.11 0.19 0.09 5.53 0.0187
Grooming, UK —0.41 0.12 3.28 4.07 0.0437
Grooming, Sweden —1.16 0.14 —0.14 0.77 0.3810
Grooming, Israel —0.40 0.11 0.15 2.10 0.1474
Grooming, France -0.12 0.13 —0.37 0.15 0.7000
Grooming, Belgium —1.16 0.09 1.66 1.00 0.3183
Bathing, UK 0.43 0.10 1.03 0.33 0.5664
Bathing, Sweden 0.80 0.11 0.57 0.20 0.6576
Bathing, Italy 0.39 0.10 —1.31 0.43 0.5141
Bathing, Israel 0.02 0.11 —1.36 0.02 0.8848
Bathing, France 0.74 0.18 —2.92 5.80 0.0160
Bathing, Belgium 0.20 0.11 -0.89 1.01 0.3144
Dressing—upper body —0.10 0.04 2.80 2.62 0.1057
Dressing—lower body, UK 0.67 0.09 —1.23 0.56 0.4531
Dressing—lower body, Sweden 0.41 0.10 —1.58 0.26 0.6090
Dressing—lower body, Italy 1.00 0.10 —0.65 0.43 0.5102
Dressing—lower body, Israel 0.82 0.10 —2.17 0.32 0.5730
Dressing—Ilower body, France 0.16 0.14 —~1.36 6.05 0.0139
Dressing—Ilower body, Belgium 0.86 0.10 -0.97 0.07 0.7971
Toileting, UK 0.10 0.19 —0.58 3.99 0.0458
Toileting, Sweden —0.04 0.15 —1.69 1.38 0.2403
Toileting, Italy 1.00 0.19 -1.54 0.93 0.3349
Toileting, Israel —0.02 0.17 —-1.22 2.18 0.1399
Toileting, France 0.29 0.14 —3.17 1.82 0.1769
Toileting, Belgium 0.37 0.18 —1.27 2.49 0.1145
Bladder management —1.25 0.07 2.49 5.06 0.0245
Bowel management, UK —1.00 0.17 1.21 2.65 0.1034
Bowel management, Sweden —1.53 0.21 2.88 2.68 0.1018
Bowel management, Italy —1.42 0.17 0.30 0.54 0.4606
Bowel management, Israel —1.64 0.18 0.45 0.82 0.3644
Bowel management, France -2.49 0.17 1.41 1.50 0.2204
Bowel management, Belgium -1.79 0.16 —-0.56 1.22 0.2695
Transfer bed, UK —0.08 0.14 —2.05 6.19 0.0129
Transfer bed, Sweden —0.23 0.10 —2.22 0.16 0.6895
Transfer bed, Italy —0.07 0.09 —0.52 0.57 0.4503
Transfer bed, Israel —-0.20 0.10 —2.63 0.15 0.6962
Transfer bed, France -1.15 0.09 —0.29 0.47 0.4952
Transfer bed, Belgium —0.42 0.10 -1.13 0.85 0.3558
Transfer toilet, UK —0.20 0.12 —1.45 3.42 0.0644
Transfer toilet, Italy 0.91 0.16 —2.85 3.58 0.0584
Transfer toilet, France —-0.64 0.11 —2.47 0.22 0.6416
Transfer toilet, Belgium —0.34 0.10 —2.13 0.63 0.4279
Transfer tub, UK 0.87 0.09 1.04 1.34 0.2468
Transfer tub, Sweden 1.03 0.14 —1.52 0.07 0.7928
Transfer tub, Italy 2.10 0.19 —0.08 0.39 0.5343
Transfer tub, Israel 0.96 0.11 0.56 1.99 0.1587
Transfer tub, France 295 0.27 0.39 8.16 0.0043
Transfer tub, Belgium 2.63 0.24 —0.24 0.21 0.6506
Walk/wheelchair 0.82 0.06 0.96 0.66 0.4165
Stairsg 2.49 0.07 0.19 1.87 0.1716

*Bonferroni corrected significance level P = 0.0002.
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mates.”” However, where patient databases are much
larger, is it appropriate to take a sample so that the analysis
can be done with known (and perhaps commonly agreed)
levels of power and significance?

It has been argued that DIF is evaluated once the
conditions for fit to the Rasch model have been satisfied.®>
However, it has also been argued that DIF is a breach of the
assumptions of unidimensionality.*’ It is possible to have
data which fit the model but which also display DIF. We have
adopted the approach whereby we consider DIF as a violation
to unidimensionality and thus one possible contribution to
misfit, and thus deliberately refitted data to the model after
adjustment for DIF. This adjustment involves a physical
separation of the item for those countries displaying DIF and
almost always results in an improvement of fit. An alternative
approach would be to allow for that variation statistically by
using the 2PL model (which adds a discrimination parame-
ter).®! Unfortunately, the latter has problems with conver-
gence when dealing with relatively small item sets, missing
values, and small sample sizes typically found in medical
outcome studies.*’

It is true that the approach used here, the 1-parameter
Rasch model, places great demands upon the quality of
measurement derived from the outcome measures. The
Rasch measurement model is chosen because it conforms
to the axioms of additive conjoint measurement and, given
adequate fit to the model and local independence, can
support the claim for an invariant unidimensional scale and
provide a linear transformation of the ordinal data into
interval measures. This class of measurement is a require-
ment for carrying out arithmetic operations such as the
calculation of valid change scores. Otherwise, analysis
should be restricted to appropriate nonparametric statis-
tics.>® Some analysis has used 2-parameter models as more
appropriate for examining DIF in already developed mea-
sures.’® However, in addition to the much larger sample
size requirements for the 2PL and 3PL models (the latter
which adds a guessing parameter),®® it is known that
almost 100% of the time their parameters violate interval
scaling.®® Thus, these models do not provide the quality of
measurement which is required for most clinical outcome
studies. Despite this, 2PL models have entered the main-
stream of health status measurement.®’

While this paper has addressed the issue of cross-
cultural validity from a DIF perspective within the Rasch
measurement model framework, there are many other non-
IRT approaches, all well catalogued by Angoff.*® A com-
monly used approach is the Mantel Haenzel procedure which
estimates a common odds ratio across groups.®® Newly de-
veloped packages such as SIBTEST facilitate analysis of DIF
using this method.®® However, it must be stressed that anal-
ysis of DIF within the Rasch framework is an analysis within
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a theoretical measurement framework which we believe to be
crucial to fundamental measurement in health sciences.

For the future, developments based upon item banking,
may bring the prospect of having different sets of items for
different countries.”®”" As long as these items are calibrated
on the same underlying metric, any subset of items may be
chosen, based on Rasch’s notion of specific objectivity.”* The
strategy of allowing items to be unique by country, used in
the analysis above, essentially establishes an item bank post
hoc. In the future, new scales will use the power of Rasch
analysis to allow for cultural variation by combining unique
and common items in the development phase of the instru-
ment.

In conclusion, where data are to be pooled for interna-
tional clinical trials, it is essential to test for, and if necessary
to adjust for DIF. Rasch’s notion of specific objectivity
means that, in practice, estimates of patient ability can be
obtained when some (country-specific) items are omitted
because of misfit to the model. We would argue that the
requirements of outcome measurement in rehabilitation, spe-
cifically the calculation of change scores and other arithmetic
operations on the data, demand that such analysis be under-
taken within a framework that supports additive conjoint
measurement. This can be operationalized, in a probabilistic
framework, through the Rasch measurement model.
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