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Objective. Guidelines have been established for cross-cultural adaptation of outcome measures. However, invariance
across cultures must also be demonstrated through analysis of Differential Item Functioning (DIF). This is tested in the
context of a Turkish adaptation of the Health Assessment Questionnaire (HAQ).
Methods. Internal construct validity of the adapted HAQ is assessed by Rasch analysis; reliability, by internal consis-
tency and the intraclass correlation coefficient; external construct validity, by association with impairments and
American College of Rheumatology functional stages. Cross-cultural validity is tested through DIF by comparison with
data from the UK version of the HAQ.
Results. The adapted version of the HAQ demonstrated good internal construct validity through fit of the data to the
Rasch model (mean item fit 0.205; SD 0.998). Reliability was excellent (� � 0.97) and external construct validity was
confirmed by expected associations. DIF for culture was found in only 1 item.
Conclusions. Cross-cultural validity was found to be sufficient for use in international studies between the UK and
Turkey. Future adaptation of instruments should include analysis of DIF at the field testing stage in the adaptation
process.
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INTRODUCTION

During the last decade there has been a rapid development
of instruments, often in the form of questionnaires, to
measure the health status of patients undergoing treat-
ment. Once developed, it is common for these instruments
to be adapted for use in other cultures (1–3). The process of
translation and validation for use in different cultures is
referred to as cross-cultural validation, and guidelines
have been published to facilitate a standard approach
(4,5). Generally, the process involves a series of steps in

the translation process, field testing, and then research to
demonstrate the reliability and validity of the adapted
instrument. A study of responsiveness usually follows at a
later stage.

It is important to recognize what is being done in this
process, and why. Much of the above procedure is con-
cerned with providing a reliable and valid version of the
instrument for a new culture. Implicit in the process is an
attempt to make the new version a replica of the original,
and consequently something that can be used in interna-
tional clinical trials or other studies. However, modern
psychometric approaches suggest that such a process is a
necessary, but not sufficient condition for cross-cultural
validity when the objective is to compare patients across
different countries using adapted versions of the same
instrument. In these conditions, a further requirement is
that of invariance (6,7). Put simply, invariance means that
the probability of a patient in 1 country affirming an item
(in the dichotomous case) will be the same as the proba-
bility of a patient in another country affirming the item,
given that they are both at the same level of the trait or
construct being measured. Only under these conditions
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can instruments be deemed to be equivalent in a measure-
ment sense, facilitating the pooling of data and so on.
Thus, the issue resolves to one of Differential Item Func-
tioning (DIF) (8), which formally tests that such equiva-
lence exists. Consequently, it is perfectly feasible to have a
reliable and valid adaptation of an instrument that works
well in a given culture, but which, in measurement terms,
is not the same instrument when DIF is present for culture.
Cross-cultural validation must include an examination of
DIF for culture when the objective is to develop an instru-
ment for use in international clinical trials.

The adaptation of the Stanford Health Assessment Ques-
tionnaire (HAQ) (9) for use in Turkey offers a chance to
examine the implications of invariance for cross-cultural
validity, and to consider how the relevant analysis may be
subsumed into the adaptation process.

METHODS

The adaptation and validation of an instrument involves
several stages. Initially, the translation process provides an
initial version of the questionnaire. An examination of
reliability usually follows, and finally construct validity.
The latter stage will also provide information about the
scale performance (for example, item total correlations),
which may be used to compare the original and newly
adapted instruments. More recently, the notion of internal
construct validity has emerged, which is a more detailed
examination of the structure of the scale, particularly re-
lated to unidimensionality, DIF, and scaling properties
(10). Such an evaluation should follow the translation
process before reliability is assessed, although the whole
process may be subsumed into a single study involving
sufficient patients to test both internal and external (con-
struct) validity, as well as a test-retest phase for reliability
and internal consistency. This phase may also provide infor-
mation to explicitly examine cross-cultural validity by com-
parison of score level attributes between the original and
adapted versions (11). The modern psychometric approach
to this would be an examination of DIF by culture.

Translation process. An adaptation of the HAQ was
made in Ankara University, Turkey to be used in a study
investigating the correlation of radiographic joint damage
with physical disability in rheumatoid arthritis (RA) (12).
For the translation process, using the recent guidelines for
cross-cultural adaptation (5), stage I involved 4 bilingual
professionals translating the original version. One profes-
sional had a clinical background and was thus an “in-
formed” translator. The other 3 translators were 2 English
teachers in the university and a bilingual engineer (edu-
cated in the US), and were thus “uniformed” translators.
Inconsistencies in the translations were resolved (stage II)
by discussions between the translators. Back translation
(stage III) and further expert review (stage IV) were not
undertaken at that time. Following pretesting for face va-
lidity (stage V) in a group of 25 patients of variable edu-
cational levels with various musculoskeletal disorders,
modifications had to be made in 5 items. Item 2 “shampoo
your hair” was modified to “wash your hair,” because both

shampoo and soap are used in Turkey for washing hair. If
taken literally, many respondents would have viewed the
question as not relevant. Item 7 “open a milk carton” was
changed to “open a new milk or a juice carton” because
milk cartons were not very commonly used at that time.
Item 10 “wash and dry your body” was modified to “wash
and dry yourself” to adjust for nuances of the Turkish
language. Also, for item 20 “Do chores such as vacuuming
or yard work” was translated to “Do the housework such as
sweeping the floor or gardening.” In the Turkish language,
the equivalent of “do chores” does not exist, and all the
work associated with the home, internal or external, is
considered as “housework.” Finally, in item 13 the term “5
pounds” was changed to “2.5 kilos.” The reliability and
validity of this Turkish adaptation was not reported.

More recently, because of the increasing emphasis on
the back translation as an important part of the adaptation
process, and an imminent new study, it was thought
worthwhile to undertake a back translation (stage III). Two
uninformed bilingual translators were involved in this
process. The expert review committee, comprising the
back translators and 1 of the developers, was convened
(stage IV). Slight differences were identified in the struc-
ture of the sentences of 2 items. For example, the Turkish
version of item 13 (“reach and get down a 5 pound object,
such as bag of sugar from just above your head”) was back
translated to “reach a 2.5 kilogram object (such as a sugar
bag) above your head and get it down.” However, the
expert review committee thought it unnecessary to make
further modifications to the existing adapted scale.

Internal construct validity. The principal modern psy-
chometric approach used in health outcome measurement
is Rasch analysis (13,14). The Rasch model is a unidimen-
sional model that 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. It assumes that the probability that a person
will affirm an item or category within an item is a logistic
function of the difference between the person’s ability (�)
and the difficulty of the item (b), and only a function of
that difference.

Pi(�)�
e(��bi)

1�e(��bi)

where Pi (�) is the probability that respondents with ability
� will answer item i correctly (or be able to do the task
specified by that item), and b is the item difficulty param-
eter.

From this, the expected pattern of responses to an item
set is determined given the estimated � and b. When the
observed response pattern coincides with or does not de-
viate too much from the expected response pattern, then
the items constitute a true Rasch scale (15). Taken with
confirmation of local independence of items, that is, no
residual associations in the data after the Rasch trait has
been removed, this confirms unidimensionality (16,17).

The formula can be expressed as a logit model:

ln� Pni

1�Pni
���n�bi
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In other words, the log of the odds of a yes response,
compared with a no response is, as stated previously, the
difference between person ability and item difficulty.
Thus, the Rasch analysis “currency” is the logit (log odds
unit). A logit is the distance along the line of the variable
that increases the odds of observing the event by a factor of
2.718, and it is this logit scale that provides interval level
measurement for data that fit the model.

The model can be extended to cope with items with
more than 2 categories (7), such as the HAQ, and this
involves an explicit “threshold” parameter (�), where the
threshold represents the 0.5 probability point between any
2 adjacent categories within an item.

ln� Pnik

1�Pnik�1
���n�bi��k

It is easy to see how the approach was readily adopted in
rehabilitation in the late 1980s (18–21). Patients undergo-
ing rehabilitation have a given ability level, and they are
presented with a range of tasks with differing degrees of
disability. The language of ability and difficulty easily
transferred from education to rehabilitation. From this
early work, the approach quickly moved into the main-
stream of health status measurement (10,22).

The early published work on Rasch analysis in rehabil-
itation explored issues of unidimensionality (18) and this
has remained a central theme (23–25). However, Rasch
analysis allows for much more than an empirical test for
unidimensionality. Following Lord and Novick’s work
(26), and their explication of Item Response Theory, ex-
amination of DIF became routine. The basis of the DIF
approach lies in the item response function, the S-shaped
trace of the proportion of individuals at the same ability
level who answer a given item correctly. Under the as-
sumptions that the ability under consideration is unidi-
mensional and that the item measures the same ability,
then, except for random variations, the same curve is
found irrespective of the nature of the group for whom a
function is plotted (8). Thus, DIF is a formal test of invari-
ance of the scale (across cultures) and this would be re-
flected in both similarity in slope of the response function
of the item, as well as location (difficulty level of item).
DIF can be considered to be uniform (where the same
difference is observed across the trait), or nonuniform,

where the difference in probability between groups differs
across the trait.

Thus, this analysis is central to issues of cross-cultural
validity, and using this approach, it is possible to make a
formal test of whether or not a scale works in the same way
across cultures. Consequently, in the present study, inter-
nal construct validity was tested by fit of the data to the
Rasch model, and by testing for DIF for age, sex, disease
duration, and culture. Due to the number of repeated tests,
the significance level of 0.5 was adjusted by Bonferroni
correction to 0.006.

Reliability. Where a scale is found to have internal con-
struct validity, an examination of reliability can be made.
For questionnaires of this type, it is usual to examine
internal consistency through coefficient alpha, test-retest
reliability, and intraclass correlation coefficient (ICC) (27).
In the present study coefficient alpha and ICC were tested.

External construct validity. External construct validity
is determined by testing for expected associations between
the adapted instrument and other valid measures through
the process of convergent construct validity (28). In this
study, the following associations were considered: C-reac-
tive protein (CRP), pain intensity by visual analog scale
(VAS), duration of morning stiffness, and American Col-
lege of Rheumatology functional stages (29).

Cross-cultural validity. Cross-cultural validity is exam-
ined by looking at the property of invariance through DIF
analysis for culture. For purposes of this analysis, second-
ary analysis of a data set from the UK was used involving
patients recruited to examine the relationship between
genetic markers and disease severity in rheumatoid arthri-
tis (30). The version of the HAQ used was adapted and
validated by Kirwan and Reeback for use in Great Britain
(31).

RESULTS

Characteristics of patients. Seventy-five outpatients, all
meeting American College of Rheumatology (ACR; for-
merly American Rheumatism Association) 1987 revised
criteria for RA (32), were recruited from the outpatient RA

Figure 1. Category responses of each item (subscale) of the Health Assessment Questionnaire (0–3) across the underlying metric trait.
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clinic of a university hospital in Turkey. Their mean age
was 49 years (SD 13.4 years), and 85% were female. The
mean disease duration was 10.3 years (SD 9.3 years), the
mean CRP was 48.4 mg/liter (SD 147.4), the mean pain
intensity by VAS was 53.2 (SD 28.0), and duration of
morning stiffness was 82.4 minutes (SD 98.4 minutes). The
mean HAQ was 1.48 (SD 0.90).

In the original UK study, 174 patients were recruited; all
met ACR criteria for RA, had a mean age of 51 years (SD
10.0 years), and 82% were female. Mean HAQ was 1.72
(SD 0.94).

Internal construct validity. The internal construct va-
lidity of the adapted Turkish version of the scale is con-
firmed by excellent fit to the Rasch model. Mean item fit
was 0.205 (SD 0.998) and Person fit was 0.125 (SD 0.779),
where fit statistics are standardized to a mean of 0 and
standard deviation of 1. Consequently, observed data
closely follow the model expectation, and the scale con-
stitutes a true Rasch scale. Item trait interaction (�2 �
4.117, 8 degrees of freedom [df], P � 0.846) shows invari-
ance of the scale for patients at different levels of disabil-
ity. Person separation is high at 0.945, showing that the
scale is able to discriminate across several groups of pa-
tients. The category structure of the scale is also working
properly, with increases in item score between, for exam-
ple, 2 and 3, representing an increase in disability on the
underlying trait (Figure 1).

The scale is largely free of DIF for age, sex, and disease
duration (Table 1). Only 1 item, grip, shows any significant
difference for uniform DIF (Bonferroni corrected at 0.006)

for sex. Otherwise, the scale items are invariant across
groups and consequently the item response function is
identical for the different groups (e.g., see Figure 2, the
eating item).

The scale has all the hallmarks of the classic ordinal
scale. The thresholds are distributed unevenly across the
construct with gaps between and clusters of thresholds
(Figure 3). Patients will thus lose points (i.e., improve) in
a haphazard manner and, depending on where they start
on the scale (a high score is particularly vulnerable), may
show either no ordinal-based improvement for some time,
despite improvement of the metric scale (because their
baseline position was just at the start of a long gap in the
thresholds), or rapid ordinal improvement for little under-
lying metric improvement (because the baseline position
was just above a cluster of thresholds).

Reliability. Internal consistency of the scale was as-
sessed with coefficient alpha with a value of 0.97, which
demonstrates adequate homogeneity of items in the scale.
The ICC (one way effect random model) (33) was 0.95.

External construct validity. Correlation (Spearman’s
rho) between the Turkish version of the HAQ and CRP was
0.44; correlations of 0.33 for pain intensity (VAS) and 0.68
for duration of morning stiffness were found. The
strengths of these correlations are as expected for the as-
sociation between impairments and disability. A strong
association was found between ACR functional stages and
the HAQ (Kruskal-Wallis �2 � 55.8, P � 0.01).

Cross-cultural validity. The cross-cultural validity of
the scale is formally tested by checking the invariance of
the scale across different language versions. Data from the
UK data set were first fitted to the Rasch model to ensure
internal construct validity. The results were very similar to
the Turkish version with excellent fit to the model. The
mean item fit was 0.198 (SD 0.957) and Person fit was
0.218 (SD 1.005). Item trait interaction chi-square was
18.62 (df 24, P � 0.772), showing invariance across groups
of patients. Person separation was excellent at 0.942. Sim-
ilar results have been found previously (10).

Invariance across countries was supported by the ab-
sence of DIF across all items except “activities” (Table 1).
For this item, patients at the same level of disability in

Table 1. Differential Item Functioning by age, sex, duration, and country*

Item
(subscale)

Age Sex Duration Country

U NU U NU U NU U NU

Dress 0.517 0.019 0.297 0.064 0.155 0.546 0.154 0.052
Arise 0.566 0.658 0.035 0.501 0.730 0.105 0.645 0.832
Eating 0.928 0.082 0.546 0.960 0.124 0.600 0.083 0.514
Walking 0.886 0.554 0.010 0.596 0.976 0.545 0.279 0.751
Hygiene 0.656 1.000 0.105 1.000 0.578 1.000 0.223 0.511
Reach 0.226 1.000 0.672 0.139 0.609 0.894 0.250 0.701
Grip 0.141 1.000 0.005 0.033 0.890 0.240 0.584 0.009
Activities 0.200 1.000 0.175 0.580 0.148 0.147 0.000 0.196

* Bonferroni adjusted level of � 0.006, expressed as significance level for each Uniform (U) and Nonuniform (NU) Differential Item Functioning.

Figure 2. Differential item functioning for the “eating” item (sub-
scale) by age. Color figure can be viewed in the online issue,
which is available at http://www.arthritisrheum.org.
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Turkey will give a slightly higher response to this item (a
consistent difference indicating uniform DIF; Figure 4).

Given the unique way in which the HAQ is scored, that
is 20 underlying tasks contributing to the 8 items (sub-
scales), it may be instructive to look explicitly at the tasks
that contribute to the activities item. The pattern of differ-
ence between cultures found overall for the activities item
is apparent for each of the 3 tasks that make up the item:
“run errands,” “get in and out of car,” and “do chores.” No
individual task is mostly responsible for this slight varia-
tion in response function between cultures.

DISCUSSION

Although guidelines have been produced for cross-cul-
tural adaptation of instruments (5), there is not yet clear
consensus on the most appropriate approach. For exam-
ple, Herdman and colleagues have recently proposed a
universalist approach to equivalence in the cultural adap-
tation of health-related quality of life instruments (34).
This was in response to what they describe as an absolutist
approach, which, they argue, makes unsupportable as-
sumptions about the equivalence of concepts across cul-
tures, instead concentrating on relatively technical issues
of linguistic equivalence. This Turkish adaptation falls
somewhere between the 2 approaches, incorporating con-
ceptual equivalence and adjustment of language for vari-
able educational levels into the technical process.

Irrespective of the approach to adaptation, from a mea-
surement perspective, where the purpose is to adapt in-
struments for use in international studies, only invariance
is a sufficient condition for cross-cultural validity. Only
under these circumstances will equivalent scores repre-
sent equivalent levels of the construct across countries.
Fitting data to the Rasch model allows a formal test of this
property of fundamental measurement (35) but has the
added advantage that when data do fit the model, a linear
transformation of the construct (in this case physical dis-
ability) is achieved.

It is possible, using this approach, to have versions of

the instrument that are valid in each country, but that
work differently, thus negating cross-cultural use. Alterna-
tively, it is possible to have scales that are comprised of
quite different worded items (and technically it could be
completely different items through item banking [36]) but
that share the same item response function, so facilitating
cross-cultural use. It is also possible that extensive adap-
tations of an instrument, such as the HAQ, may result in
several groups of countries, where some meet cross-cul-
tural requirements within groups but not across groups.
This is a matter for empirical investigation. What is crucial
is that some agency or person (which may be the original
developer) should take responsibility for collating the in-
formation about adaptations and the level of cross-cultural
utility (stage VI of the adaptation process).

For future adaptation of instruments, the question arises
as to if, how, and when tests of invariance by culture
should be incorporated into the adaptation process. The
standard approach as defined by Beaton and colleagues (5)
is a necessary, but not sufficient, condition for cross-cul-
tural validity. Undertaking DIF analysis after the closure of
the translation procedure (stage VI) would simply confirm
the failure of the process, and it would seem that the
challenge is to incorporate the analysis into the existing
stages. An iterative loop may be necessary within stage V
to identify problems and subsequently return to the field

Figure 3. Distribution of persons and item (subscale) thresholds across the physical disability metric trait. (Grouping set to interval length
of 0.2 making 75 groups).

Figure 4. Differential item functioning of “activity” item (sub-
scale) by country.
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testing stage to collect further data (and items may be
further modified at this point), and repeat the process until
such a time that DIF is absent. Alternatively, a more so-
phisticated item banking approach allowing for variations
of item difficulties across cultures may be utilized. Which-
ever approach is adopted, it is necessary to have data from
the original language version available for the DIF analy-
sis. Given this, we would propose that DIF by culture is
incorporated into stage V as a formal test to demonstrate
that the adaptation process has been successful.

In summary, the Turkish adaptation of the HAQ shows
good internal consistency and construct validity. The ad-
aptation process, although somewhat disjointed over a
period of time, eventually conformed to recent guidelines
for scale adaptation. Some conceptual modifications were
required, and language had to be adjusted to accommodate
the wide educational levels found in the Turkish popula-
tion. Modern psychometric methods confirmed a level of
crosscultural validity sufficient for use in international
studies between the UK and Turkey. Future adaptation of
instruments should include this analysis at the field test-
ing stage, and if necessary, enter an iterative loop to ensure
the absence of cross-cultural DIF. A Web site collating all
this relevant information would help the rheumatology
community in its quest for truly cross-cultural instruments
for use in international clinical trials.
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