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ABSTRACT

Purpose: Differential Item Functioning (DIF), an item malfunctioning, causes Differential Test Functioning
(DTF), thus biasing questionnaire measures. The current study evaluates the relationship between DIF
and DTF for the Barthel Index and the Functional Independence Measure, likely the most used disability
measures. The aim is to understand under which conditions DIF can be ignored as its DTF is negligible.
Methods: A simulation study was run. Disability measures were obtained for the Barthel Index and
FIM motor domain using Rasch analysis with previously published item calibrations. Several DIF
scenarios have been assessed. DTF was tolerable if <0.50 logits.

Results: Simulations showed that the larger the DIF, the larger the DTF and that, keeping the overall
DIF constant, the total number of items with DIF does not affect DTF. DIF of the items with the lowest
or highest calibrations is the most dangerous. The DIF of central items should be so massive to matter
in DTF terms that it is unlikely to happen in practice. The FIM robustness to DIF is better than that of
the Barthel Index.

Conclusions: The FIM and the Barthel Index show remarkable robustness to DIF. Thanks to this feature,
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sample invariant, generalisable disability measures are available.

> IMPLICATIONS FOR REHABILITATION

«  The Barthel Index and the Functional Independence Measure are two assessment procedures

for evaluating disability.

. It is demonstrated that the Functional Independence Measure and the Barthel Index are

remarkably resistant to Differential Item Functioning.

« As a result, these questionnaires yield very generalisable disability measures.

Introduction

Disability, understood as the need for assistance from a person
to complete activities of daily living, is one of the substantial
variables in medicine and rehabilitation medicine in particular.
For example, it is paramount to set the patient’s prognosis in
terms of disability, and disability is an outcome of therapies in
the clinic and trials (e.g., [1,2]).

Several instruments are available for measuring disability, and,
being a latent variable [3], they consist of questionnaires usually
filled out by clinicians about a person’s independence.

The Barthel Index [4], dating back to the sixties, is among the
first questionnaires developed for assessing disability, and it is still
one of the most used. From this, the Modified Barthel Index [5]
was derived, primarily consisting of the Barthel Index with a more
articulated categories structure. Another instrument that originated
from the Barthel Index is the Functional Independence Measure
(FIM) [6], a younger but well-established disability measure.

Regarding the items’ content, the Barthel indices and the FIM
share nearly identical items [7], which primarily assess the need
for assistance in completing basic activities of daily living, such
as walking and eating.

Like any questionnaire, the Barthel Index, the Modified Barthel,
and the FIM return total scores, which are ordinal measures per
the classification by Stevens [8]. However, in strict metrological
terms, these scores are not measures [3].

The most convincing argument that ordinal scores are not mea-
sures is what could be called the "3—-2%=2—-1" paradox. In the case
of the Barthel Index, there is no reason to assume that a patient
whose total score increases from 5 to 10 has improved their dis-
ability of the same quantity as when the total score goes from 10
to 15. This is simply because ordinal scores lack a measurement unit.

However, thanks to the Rasch analysis [3,9-11], a psychometric
technique, measures can be extracted from questionnaires. As
long as a set of axioms is complied with, the Rasch analysis pro-
vides a score-to-measure conversion to turn the questionnaire’s
total ordinal scores into interval measures, with "logits" as the
measurement unit.

In the Rasch analysis framework, like in mathematics and phys-
ics, measures must be unidimensional, i.e., measures should reflect
the quantity of a single variable. A thermometer reading only
reflects temperature, so the Barthel Index and FIM scores should
only reflect the person’s disability level.
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The dimensionality of questionnaire measures can be assessed
in different ways. Among these, there is testing if the Differential
Item Functioning (DIF) deteriorates the questionnaire’s items.

Regarding the FIM and the Barthel Index, given two persons
with the same disability level but belonging to different (e.g.,
diagnostic) groups (e.g., a stroke patient and a multiple sclerosis
patient), an item has DIF if the scores of these two persons on
this item differ. In this condition, an additional variable (e.g., the
disease type) affects the item’s score independently from disability.
The unidimensionality requirement is thus violated, given that the
item's (and therefore the questionnaire’s) scores depend on both
the disability and this additional, undesired variable.

The multidimensionality flagged by the DIF causes a general-
isability problem: measures are not independent anymore of what
is being measured [12].

While it is clear that DIF introduces a measurement error, for
practical purposes, it matters even more to understand if this
artefact is harmful, i.e., if DIF severely distorts persons’ measures.
If the DIF-related bias is negligible, the questionnaire’s measures
remain generalisable despite DIF.

Hence, the research question underlying this work is: how
much DIF is too much?

The current study aims to assess the measurement bias,
referred to as Differential Test Functioning (DTF), caused by the
DIF affecting one or more items of the Barthel Index, Modified
Barthel Index and the FIM. In particular, the study evaluates the
extent to which DIF can be ignored since the DTF it causes is
negligible.

Methods

The current study uses Rasch analysis simulations to assess the
consequences of DIF on disability measures. The FIM motor
domain, the Barthel Index and the Modified Barthel Index were
chosen as questionnaires of physical disability.

In the first set of simulations, items and threshold calibrations
of the FIM motor domain from our previous study [11] have been
used. These calibrations have been obtained from a Rasch analysis
(rating scale model) of the FIM scale collected on discharge from
inpatient rehabilitation.

Instead, a more general approach was preferred for the two
Barthel indices. A systematic Pubmed search was run, and the
items’ calibrations were eventually retained from 12 papers (see
Note 1 in Supplementary Materials 1).

The FIM scale and the Barthel indices: measuring disability

The FIM scale [6] consists of motor and cognitive domains, mea-
suring physical and cognitive disability, respectively. Since the
focus here is on physical disability (i.e., the need for assistance
in completing activities of the type of eating and walking), only
the FIM motor domain will be considered.

The FIM motor domain consists of 13 items, labelled from A
to K (Table 1), each scored from 1 to 7. The total score ranges
from 13 to 91.

The Barthel Index [4] consists of 10 items scored on two, three
or four categories. In what is probably the most used version,
each item is scored 0, 5, 10 or 15, but a version in which the
items’ categories are scored from 0 to 2 is also used [13], which
is the version investigated here. The total score of the Barthel
Index ranges from 0 to 100 or 0 to 20.

The Modified Barthel Index [5] represents a Barthel Index
refinement developed to increase its responsiveness to small

Table 1. Ranking on the item map of the items of the FIM motor domain and
Barthel Index.

Position FIM motor Barthel Index
1 A, Eating Feeding
2 H, Bowel Bowel

3 G, Bladder Transfer
4 I, Bed Chair Bladder

5 B, Grooming Toilet

6 J, Toilet Dressing
7 D, Dress Up Grooming
8 L, Walk Walking
9 C, Bathing Bathing
10 F, Toileting Stairs

11 E, Dress Low

12 M, Stairs

13 K, Tub

Position: item position on the item map; this corresponds to the item calibration
rank. FIM motor: FIM motor domain. A keyword indicates the content of each
item. As customary, a capital letter is also used for the FIM motor domain. ltems
are ordered according to their calibration from the rasch analysis. The item
occupying the lowest position on the item map (i.e., on the first rank) indicates
the easiest activity to complete independently. That with the highest calibration
(rank 13 for the FIM motor domain and 10 for the barthel Index) indicates the
most difficult one. The items’ positions of the FIM motor domain are taken from
[10,11]; those of the barthel Index are taken from [48]. the items of the modified
barthel Index have the same labels and ranking as the barthel Index.

changes in independence. This questionnaire is made of 10 items,
each in five categories. The numerals labelling these categories
are arranged so that the questionnaire’s total score ranges from
0 to 100. Here, the categories are re-labelled so that the total
score ranges from 0 to 40.

For all three questionnaires, the higher the score, the greater
the autonomy (i.e., the less the disability).

Differential Item Functioning and differential test functioning:
the overall idea

Differential Item Functioning and the split-item procedure

In the simulations run here, two participant groups were consid-
ered (Group A and Group B), and items with DIF were set as more
difficult in Group B than A. At the same time, it was also set that
the two participant groups had the same mean ability.

If an item is more difficult for Group B, Group B participants
will be more likely to fail this item than Group A participants.
The questionnaire total score will thus be lower in Group B
than in Group A. If the same score-to-measure conversion is
used for both groups to turn the questionnaire’s scores into
measures, measures of Group B will be lower than those of
Group A. Since it has been set a priori that the participants
from the two groups measure the same (i.e., the two groups
have the same mean ability), an actual measurement artefact
is introduced.

The "split-item procedure" [14-16] is often applied to correct
this measurement artefact caused by DIF. Consider a test where
one item (say item 2) is corrupted by DIF, making it more difficult
for Group B than for Group A. With the split-item procedure, two
virtual items are derived from this item: "ltem 2 - Group A" and
"ltem 2 - Group B". In the former (i.e., the virtual item "ltem 2
- Group A"), values for respondents from Group B will be consid-
ered as missing, while in the latter (i.e., "ltem 2 - Group B") values
for Group A will be considered as missing.

The Rasch analysis is then run on the new item set (including
"ltem 2 - Group A" and "ltem 2 - Group B" as well as all the
questionnaire’s items, but the original item 2), items’ difficulties
are obtained, and eventually used to arrange two score-to-mea-
sure conversions, one for each of the two groups.
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These group-specific score-to-measure transformations return
participant measures unbiased from DIF. So, while using the total
score (and the measures from a single score-to-measure transfor-
mation) for comparing a person from Group A with one from
Group B would be unfair, measures from the group-specific
score-to-measure transformations allow fair comparisons
between groups.

One thousand participants were simulated for each DIF group,
so each simulation run in the current study had a sample size of
2000 people. Regarding the sample size, the one used here is the
same as that of a previous study, which has inspired the current
one, also investigating DIF with the Rasch analysis [17]. A sample
of 2000 participants can be considered large in the Rasch analysis
since 250 participants are "appropriate for most purposes,’ even
in the case of a high-stakes test [18].

Estimating the differential test functioning from DIF

As previously done [15,19], the artefact caused by DIF on the
whole questionnaire measures, i.e., the Differential Test Functioning
(DTF), is quantified by comparing the score-to-measure transfor-
mations of the two DIF groups.

Given the above, using a single score-to-measure conversion
to measure both Group A and Group B would introduce a mea-
surement artefact. However, is the DIF so large to make this mea-
surement artefact substantial? This would be the case if the
difference in the actual measures of Group A and Group B is so
large that it cannot be ignored. In that case, group-specific
score-to-measure conversions would be necessary.

The difference between Group B and Group A in the measures
from the score-to-measure transformation can be calculated for
each of the questionnaire’s total score values, and a difference >
0.5 logits is considered substantial, as customary in the Rasch
analysis [20].

In sum, when there is DIF, people scoring the same can have
different measures. This difference in measures can be quantified
thanks to the groups’ specific score-to-measure transformations
from the split-item procedure. If the difference between measures
from the two groups, given the same total score, is > 0.5 logit,
the DTF produced by DIF flags a non-negligible measurement
artefact.

R 4.2.3 and Winsteps 5.4.3.0 (batch mode) were used to run
the simulations. The above analysis steps are detailed in Notes 2
and 3 in Supplementary Materials 1.

Results

Differential test functioning of the FIM motor domain: the
case of a single item with DIF

Figure 1 shows the relationship between the DIF size, the position
of a single item with DIF on the item map (i.e., its calibration
rank) and DTF.

There is a clear positive relationship between the size of DIF
and the DTF it causes: regardless of the rank of the item with
DIF, the larger the DIF, the larger the DTF.

In addition, the DTF size depends on the position of the item
with DIF along the item map, with DTF being more substantial
when the item with DIF lies at the extremes of the item map.
For example, a 1.50 logit DIF of item A causes a maximum DTF
of almost 0.50 logits. In comparison, the maximum DTF caused
by a 1.50 logit DIF of items B and J is less than 0.25 logits.

Moreover, the DTF is not constant for different questionnaire
total scores, and the DIF of items located at the extremes of the

BARTHEL AND FIM: GENERALISABLE DISABILITY MEASURES . 3

item map (i.e., the easiest and the most difficult activities to
complete independently) causes a DTF that is maximum for
extreme questionnaire scores. For example, the DIF of item A (i.e.,
the easiest item of the FIM motor) causes some malfunctioning
for low questionnaire total scores, while the DTF tapers as the
total score increases. On the contrary, item K (i.e., the most difficult
item of the FIM motor) causes the largest DTF for high total scores
but no malfunctioning for low ones.

Differential test functioning of the FIM motor domain: the
case of two items with DIF

Figure 2 reports the DTF for DIF affecting two items of the FIM
motor domain and occupying the item map’s lower, middle or
higher third.

As before, the larger the overall DIF (i.e., the sum of the DIF
size of the two items), the larger the DTF. Second, the maximum
DTF varies with the position of the items with DIF on the item
map and again, the DTF is larger when the items affected by DIF
lie on the map extremes. Third, the DTF is not constant for dif-
ferent questionnaire total scores.

If the two- and the one-item-with-DIF cases are compared, the
DTF originating in the case of DIF affecting two items is system-
atically larger. For example, item A with a DIF of 1.5 logit causes
a maximum DTF that is smaller than 0.50 logits (Figure 1), while
a 1.5 logit DIF affecting both items A and H causes a maximum
DTF of about 0.75 logits.

Table S2.1 in Supplementary Materials 2 reports the maximum
DTF for all the possible combinations of two items with DIF of
the FIM motor domain.

Any two items with DIF up to 0.75 logits cause no substantial
DTF. For DIF up to 1 logit, the DTF is > 0.50 logit in the case (also
depicted in Figure 2) in which the items with DIF occupy the first
and the second (i.e,, items A and H) or the first and the third
position (i.e., items A and G) on the item map. All the remaining
two-item combinations are safe in DTF terms. Most item combi-
nations caused no harmful DTF when DIF was 1.25 and 1.5 logits
(73 and 57 out of 78 combinations, respectively).

These simulations in which two items have DIF also highlight
that DTF increases as the items with DIF are close on the items
map (e.g., items ranking one and two on the items map) and is
reduced when these items are apart (e.g., items ranking one
and four).

Further simulations with three items with DIF are reported in
Supplementary Materials 3.

Additive effects of the Differential Item Functioning on the
differential test functioning

The analyses reported in the previous paragraph show that mul-
tiple items’ DIF somehow add to the DTF. This feature has been
explored further in this paragraph.

What matters in DTF terms is the total amount of DIF (i.e,, the
overall DIF) rather than the number of items affected by DIF. The
DTF seems unaffected by the total number of items with DIF as
long as the overall DIF remains constant. Indeed, in each graph
of Figure 3, showing the relationship between the DTF and the
number of items with DIF given an overall DIF, the different curves
are substantially superimposed.

In addition, the figure stresses the remarkable robustness of
the FIM motor domain to DIF. When DIF affects the items in the
central part of the items map, an overall DIF of up to 4 logits
causes a maximum DTF < 0.5 logits.
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Figure 1. Differential Test functioning of the FIM motor domain: one item with DIF. [tems are indicated by a letter and a keyword, while the number between
brackets reports the item’s rank on the item map. Line plots: median of 20 simulations. Within each plot, moving top down, curves show the Differential Item
Functioning (DTF) caused by a Differential Item Functioning (DIF) of size 1.5, 1.25, 1.0 and 0.75 logits. Total score: total ordinal score of the FIM motor domain.
B - A: difference (in logit) between the measures from the score-to-measure conversion in group B and those from group A. The horizontal dashed line marks
0.5 logits, set in the current study as the maximum tolerable DTF.

Differential test functioning of the Barthel and modified

Barthel Index

The findings from the FIM motor domain simulations are con-

firmed in th

e Barthel Index simulations.

Again, the larger the DIF, the larger the DTF (Figure 4). The DIF
is more hazardous when it affects the items located at the item
map's extremes. The DTF caused by DIF is not constant for different
total score values and is most prominent for the total score extremes
when DIF affects an item on the map’s extreme (e.g., item Feeding).
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Figure 2. Differential Test functioning of the FIM motor: two items with DIF. Same abbreviations as Figure 1.

DIF is the most dangerous when it affects more than one item,
and its effects on DTF are the largest when the items with DIF are
contiguous on the item map (Supplementary Materials 2 and 3).

The Barthel Index seems less robust to DIF than the FIM motor
domain. For example, a DIF of size > 1 logit affecting the item
with calibration rank one causes a negligible DTF of the FIM motor
domain but a substantial DTF of the Barthel Index.

The simulations of the Modified Barthel Index returned results
comparable to those relative to the Barthel Index (see
Supplementary Materials). The similarity between the Barthel and
Modified Barthel Index findings suggests that the total number
of categories (and thresholds) does not substantially affect the
DTF when the item map and threshold ranges are the same.

Discussion

This study used simulations to assess the measurement artefact, here
called DTF, caused by the DIF of one or more items of the three
main questionnaires used for assessing physical disability: the Barthel
Index, the Modified Barthel Index and the FIM motor domain.

The study’s key findings are hereby summarised.

First, disability measures from the FIM motor domain and the
Barthel indices show remarkable robustness to DIF. One item with

DIF up to 1 logit does not harm the questionnaire’s measures.
Except for the case in which DIF affects the items of the Barthel
indices with the lowest or highest calibrations, even the DIF of a
single item up to 1.5 logits causes no substantial DTF.

Second, the disability measures from the FIM motor domain
are more robust to DIF than those from the Barthel
questionnaires.

Third, most troubles with DIF come when it affects the items
located at the extremes of the item map, while DTF is negligible
even when a huge DIF affects the items occupying the map's
central position.

The findings reported here align with those from previous
studies. It has already been noticed that unless DIF is large and
mainly in one direction (i.e., the type of DIF tested here), the
impact of DIF on measures can be small [20]. For example, biases
of 1.0 logits are unlikely to have much impact on a test instrument
and can be set as an upper limit in the item calibration error [21]
(see Supplementary Materials 1 for a broader discussion on the
DIF-DTF relationship).

One point is worth stressing about the seemingly inconse-
quential nature of DIF. The fact that the DIF of some items can
be ignored when using a questionnaire takes advantage of a
statistical/mathematical feature of the questionnaire’s measures.
Questionnaire measures are mathematically robust to some
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Figure 3. Differential Test functioning caused by the same overall DIF split into a different number of items. Each graph shows the differential Test functioning
(DTF) caused by the Differential Item Functioning (DIF) of up to four items of the FIM motor scale. Overall DIF of 1.0, 1.5, 2.0, 3.0, 4.0 and 5.0 logits is divided
between two, three, four and five items. For example, for an overall DIF of 3 logits and four items with DIF, each of these four items suffers a DIF of 0.75 logits.
Only items with a Central calibration are considered in these simulations, i.e., items B, J, D, L, and C, ranking 5 to 9 on the item map. For the two items with
DIF condition, DIF affected items J and L. Items J, D, and L had DIF in the three items simulations, and items B, J, L, and C had DIF in the four items simulations.
Note that the four curves are substantially superimposed and that the maximum DTF changes with increasing levels of overall DIF but not as the number of

items with DIF increases. Abbreviations as in Figure 3.

amount of DIF. However, can we trust a questionnaire with, say,
half of the items showing DIF in the same direction for the same
group of respondents? What is the measured variable when dif-
ferent groups understand half of the items differently?

DIF poses a content validity problem [22], not just a construct
validity one [15,22]. Deciding about DIF urges one to reason about
the measured variable.

DIF of the Barthel indices and the FIM scale: previous reports
and solutions from the literature

DIF has been reported for both the Barthel and Modified
Barthel Index.

For example, regarding the Barthel Index, most items showed DIF
related to the country, a finding leading the Authors to conclude
that "Barthel Index scores should not be compared between cultures”
[23], which, in strict statistical terms, is a correct conclusion.

For the Modified Barthel Index, DIF was found for the clinical
phenotype in a study which recruited stroke patients, with six
items showing DIF related to the severity of the upper limb pare-
sis [24].

The FIM scale has been extensively investigated with the Rasch
analysis, and, in this framework, that some FIM items are affected
by DIF is relatively common [25,26].

In a study explicitly assessing the DIF of the FIM items [27],
difficulties of about half of the items of the FIM motor domain
differed between diagnostic groups, i.e., showed DIF for the neu-
rological diagnosis of the patient disability.

In detail, calibrations of seven items differed in stroke and
multiple sclerosis, two in multiple sclerosis and traumatic brain
injury patients, and the calibration of three items differed in stroke
and traumatic brain injury. Only four items of the FIM motor
domain were found to have no DIF for the patient diagnosis.

The authors of this study [27] rightly stressed that no DIF
should be present if the FIM has to be compared between patient

groups or when pooling data from different conditions. On this
line of reasoning, they suggested adjusting the FIM items calibra-
tion to solve for DIF.

Similar to our study, the split-item procedure was applied, and
item calibrations specific to three diagnostic groups, i.e., stroke,
multiple sclerosis, and traumatic brain injury, were provided.

However, it is paramount to note that, entirely agreeing with
the findings reported here, even if some differences were found
between the DIF-adjusted and the unadjusted measures, the
agreement between the two sets of measures was high, and
differences were negligible. According to the Authors, "adjusting
for DIF seems to have only minor impact on the person abili-
ties" [27].

In another study recruiting neurological patients [28], most
FIM items were affected by DIF for diagnosis with a different
calibration in spinal cord injury patients than in other neurological
patients. The number of items with DIF was so large (9 out of
13) that it was not feasible to amend this DIF by resorting to the
split item procedure.

The authors assessed the clinical meaning of this statistical DIF
by evaluating its impact on measures. Score-to-measures curves
for the different diagnoses were compared, and the difference
between curves (i.e., the DTF) was judged as causing no harm in
clinical terms.

Showing that DIF is not substantially harmful provides us with
generalisable measures. This idea of generalisability is pretty in
line with the use of the term "generalisability" in other branches
of statistics, where "to generalise" means to extend findings to
other settings and samples [29]. In this context, items’ scores are
generalisable if a specific score indicates a specific disability level,
which is the same in this and other samples.

The need for generic questionnaire measures has already been
pointed out [30].

Disease-specific questionnaires, e.g., [12,31], have been con-
trasted with generic ones (e.g., invariant across diseases or
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Figure 4. Differential Test functioning of the Barthel Index: one item with DIF. Same abbreviations as Figure 1. Items are labelled with a keyword. The number

indicates the item rank on the item map.

cultures), e.g., [32], and it has been noted that while disease-specific
measures provide well-tailored patient measures, this specificity
pays the price of no generalisability. Comparing the variable of
interest in different groups becomes harder.

It has also been stressed that generic measures are necessary
in medical contexts, such as rehabilitation medicine, where a
condition (e.g., disability) is treated regardless of the underlying
disease [30].

The importance of generalisable measures is further developed
in Supplementary Materials 1. The procedures used when DIF is
found are also treated and compared to those proposed here.

Really, but who cares about DIF, and who cares about DIF of
scales for disability measurement?

In this excursus: (i) case studies about what DIF is, how DIF orig-
inates and what problems it causes are provided, and (ii) how

the findings reported here can be used from a practical standpoint
in the clinic and research is explained.

There are two issues with DIF. First, the measurement artefact
caused by DIF poses a fairness problem. A test would be easier
for some respondents and more challenging for others regardless
of their ability level. Second, DIF causes a validity problem [33,34],
urging us to consider which variable the questionnaire measures
(which variables drive the respondents’ scores to an item?).

Depending on the case, DIF can cause more of the first or the
second issue.

The current study shows that the measurement artefact
caused by DIF, and thus the DIF-related fairness issue, is minor
in most cases unless DIF is massive (substantial in size and
simultaneously affecting several items all in the same direction).
Instead of bothering about statistics, an evaluation of the vari-
able(s) the questionnaire measures - that is, the validity of the
questionnaire - should be done in the first place when DIF is
discovered.
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Let us first deal with the issue of fairness. That will be clear
with the following (toy) example from educational measurement.
It is worth remembering that many DIF studies and investigations
are conducted in the educational field.

A typical instance of DIF is when knowledge of the matter
under evaluation (say knowledge of the European literature of
the first half of the twentieth century) and high language profi-
ciency (which is not strictly related to the knowledge of literature,
i.e., the variable to be measured with the test) are both needed
to answer a question correctly [35].

The test below, consisting of four open-ended questions,
scored 1 if answered correctly and 0 elsewhere, is administered
to assess knowledge of literary works:

Who is the protagonist in "Steppenwolf"?

Who is the protagonist in "Der Zauberberg"?
Who is the protagonist in "Ulysses"?

Who is the protagonist in "The Metamorphosis"?

W=

Consider now a student answering questions 1, 3 and 4 cor-
rectly and leaving unanswered question 2. Another student
answers correctly to all questions. The total score of the second
student on the test is higher than that of the first, so it would
be concluded that the second is better in European literature.

The book title mentioned in question 2 is translated into
English ("The Magic Mountain"), the question is re-administered
to the first student, and the student correctly answers "Hans
Castorp".

So, do we still conclude that the second student is more pro-
ficient in literature than the first? We would not say so if, for
example, it were known that the second student, but not the
first, is bilingual in English and German. Instead, we would prob-
ably consider the second question unfair towards students who
do not understand German.

Question 2 has different difficulties, i.e., a different chance of
being passed, for students belonging to different groups (with
and without knowledge of German) despite the students’ same
ability level, i.e., despite the same level of knowledge of literary
works (they both score 1 on question 2, eventually).

Regarding medical questionnaires and scales, an example com-
parable to the one reported above is an oral test for assessing
semantic memory administered to a patient with expressive apha-
sia. This person would probably score poorly on this test, but we
would not conclude that they have a memory impairment. Instead,
we would conclude that it is unfair to administer such a test in
case of aphasia.

Now, let’s examine the DIF-caused fairness issue for disability
questionnaires.

A certain level of motor and cognitive abilities is needed to
complete the tasks that comprise the Barthel Index and the FIM
disability scales. If these motor or cognitive competencies are too
low, one or more tasks would become too difficult for the patient,
who would need help from another person to complete these
tasks. i.e., they have an activity limitation and suffer some
disability.

To provide fair disability measures, it is paramount that the
tasks included in the disability scales retain the same difficulty
for participants with the same ability, even if these are different
in some other respects, i.e., even if participants belong to different
groups. If this is not the case, based on what has been discussed,
DIF is present.

Studies found DIF for the Barthel Index and the FIM scale
because of the patient’s diagnosis. For example, the calibration
of item E, "Dressing — lower," of the FIM motor domain has been

reported to be higher in multiple sclerosis patients than in stroke
patients [27].

The overall difficulty of the task considered by item E is partly
due to how difficult it is to mobilise the lower limbs. This difficulty
increases with the severity of the lower limb’s paresis and spas-
ticity. Since it often causes spinal cord involvement, these impair-
ments could be bilateral and thus more severe in multiple sclerosis
than stroke. If this is the case, "mobilising the lower limbs," an
activity necessary for "Dressing - lower," would thus be more
challenging in multiple sclerosis than stroke.

Given a stroke and a multiple sclerosis patient who both score
low on item E, since the stroke patient is failing an easier task,
the actual disability of the stroke patient could be worse than
that of the multiple sclerosis patient. The stroke patient could be
more disabled, actually, and the difference in the difficulty of item
E should be considered for a fair disability comparison between
the two patients and diseases.

The second DIF-related issue, which is how DIF and DIF rem-
edies may threaten a questionnaire’s validity, is considered in the
following example.

The five-item Barthel index [36] is a short form of the Barthel
index consisting, as the name implies, of five items only: Transfers,
Bathing, Toilet use, Stairs, and Mobility. This pocketable version
of the Barthel Index considers disability primarily as a gross motor
function limitation, i.e., a limitation with transferring and
locomotion.

Consider now a stroke patient with hemiparesis and a para-
paretic patient because of a dorsal spinal cord injury. Both are
dependent on bathing, need some help with toilet use, need
major help with transfers, are wheelchair independent for mobility
and are unable to manage stairs. The total score on the scale is
3 for both; therefore, according to the five-item Barthel Index,
their disability level is the same.

Now, go on administering the other items of the Barthel Index.
The Feeding item is administered with the spinal cord injury
patient independent on this task, thus scoring 2 out of 2, and
the stroke patient needing help cutting and requiring a modified
diet, thus scoring 1.

For the five-item Barthel Index, the disability level of the
patients would be the same (i.e., their ability is the same). So,
they are expected to score the same on the feeding item, which
is not the case. Since it is easier for spinal cord injury than stroke,
the feeding item is thus affected by DIF for the patient’s diagnosis.

This case of DIF for the feeding item of the Barthel Index is
substantially different from the case of DIF of "Dressing — lower"
(item E) of the FIM motor domain.

Disability is the need for assistance in basic daily activities,
including self-care and sphincter control, not only transferring
and locomoting. Probably, any clinician and researcher working
on disability would consider a person needing assistance for eat-
ing as a person who has some disability.

On these bases, the DIF of the feeding item points out more
of a content validity problem of the original questionnaire: is the
variable of interest entirely sounded out?

As shown here, mathematical amendments to DIF, such as the
split-item procedure, are available. Another extreme solution to
DIF is to drop the item with DIF from the questionnaire. It has
been noted that these remedies to DIF are not free of conse-
quence since both could deteriorate the content validity of the
measure [34,37].

Removing the feeding item since it is affected by DIF would
avoid considering a crucial facet of disability, impoverishing the
questionnaire content validity. The split-item procedure would
reduce the disability measure of the stroke patient (which would



make this patient less disabled than they are), but we said this
is against any clinical common sense.

Here, DIF is stressed as a content validity threat, understood
as "the degree to which the content of an instrument is an adequate
reflection of the construct to be measured” [34]. In addition, DIF
also threatens construct validity.

Measurements are assumed to be unidimensional. In the case
of DIF of item E of the FIM motor domain described above, the
score of participants to this item is affected by two variables: the
disability severity and the severity of the upper motor neuron
syndrome (i.e., the paresis and spasticity severity). Note some
amount of orthogonality between them: a paraplegic person can
suffer a lower limb motor impairment of extreme severity, but
their disability could be low (e.g., they are competent in getting
autonomously around the city with a wheelchair, which is with a
different form of locomotion). Two variables (dimensions) thus
drive item E scores, and the unidimensionality assumption about
the construct is violated.

It is worth stressing that no multidimensionality issue is appar-
ent in the case of DIF of item feeding for the Barthel Index short
form. This item just grasps a different facet of the disability [38].

After this overview, it is evident that DIF can cause (i) a mea-
surement artefact and, thus, a measurement bias and a fairness
problem, (ii) a content and (iii) a construct validity issue.

So, who should care about DIF? DIF potentially matters anytime
a patient’s measure is at stake.

This study can be used by psychometricians when developing
and assessing questionnaires. We can say that it makes life easier
for the researcher in the psychometrics lab.

Assessing DIF is a mandatory step in the psychometric assess-
ment of a questionnaire, with guidelines also dealing with it
[39,40]. When DIF is found, and some amount of DIF is always
found due to the large number of tests commonly run in a DIF
analysis and being defined in probabilistic terms, the psychome-
trician has to assess the effects of DIF or amend DIF by applying
the split-item procedure.

Both assessing the DIF consequence, for example, by compar-
ing the score-to-measure conversions or amending the DIF with
the split-item procedure, are articulated and cumbersome. In
addition, as detailed above, amending DIF is not consequence-free
regarding content validity. Strictly speaking, this solution could
solve a statistical malfunction at the cost of causing a clinical
malfunction.

Our study encourages not bothering too much from a strict
statistical, metrological point of view in front of a questionnaire
structurally similar to the FIM and Barthel indices when the DIF
of one or more of their items is within the boundaries reported
here. In psychometric terms, the test can be considered valid
despite DIF.

For the clinical researcher, choosing the instrument with no
harmful DIF among different instruments measuring the same
variable means choosing a robust measurement instrument, even-
tually increasing the chance of reaching the correct conclusion
about treatment effectiveness [41].

Time-related DIF can be a severe problem for a clinical study
[15,32]. This type of DIF could happen, for example, when a par-
ticipant learns some tasks included in the test, and thus, the test
becomes easier to complete. For example, the respondent could
learn the three words "apple, table and penny" of the Mini-Mental
State Examination [42] because of a practice effect from repeated
test administrations rather than genuinely improving their memory
and ability to register and recall [43].

If there is DIF because of the passing of time, a patient’s dif-
ference between two subsequent time points, such as before
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treatments and at follow-up, could be a measurement artefact.
Patient scores worsening in a longitudinal study could also be an
artefact instead of indicating the disease’s progression.

In multicentre international studies, DIF for cultures or lan-
guages (e.g., [16]) makes comparing the variable of interest in
participants’ samples from different countries unsuitable.

DIF also matters to clinicians, even if they are not directly
involved in research. For example, in everyday clinical practice in
some health systems (e.g., [44]), treatment access requires a spe-
cific disability level, as indicated by the score of a disability ques-
tionnaire. If disability scores are unfair towards some patients,
they could be excluded from treatments when entitled to them.
For an example of significant interest in everyday clinical practice
in rehabilitation, a study is suggested in which the DIF caused
by assistive devices in balance measurement has been evalu-
ated [15].

In more general, but not less critical, terms, since some amount
of DIF is invariably found (e.g., [28]), the clinician and the clinical
researcher would wonder if fair measures of the paramount
(latent) variables of the physical and rehabilitation medicine (e.g.,
disability, pain) are possible. Showing that in some circumstances,
DIF is too small to matter provides clinicians with fair, unbiased
measures, which is a comforting solution to this issue.

Boundaries in the applicability of the current findings and
ideas for future research

While several parameters have been varied in the simulations
presented here, others have not. Therefore, future research is
needed to understand the effects of these parameters on the DTF.

For example, the person’s mean measure was set to 0 logits
for both groups, i.e., the persons were perfectly centred on the
item map. Of course, this is not necessarily the case with real
data, where poor questionnaire targeting can be found, e.g., [45].

Moreover, the participants’ mean measures can differ in the
two groups. However, another simulation study [46] showed that
differences in group measures had negligible effects on measure-
ment bias.

All the participants’ measures and items simulated here per-
fectly fit the Rasch model, which is not necessarily true with real
data. For the FIM motor domain, some misfits, for example, for
the bladder and bowel management items, are typical [10,25,47].
Misfits of the Barthel Index items have also been reported [48].

In the case of two or three items with DIF, only the case of
DIF affecting all these items to the same extent and in the same
direction has been considered. Evaluating DIF with opposite signs
and amplitudes for different items seems of practical importance
(see Supplementary Materials 1 for a discussion on DIF cancella-
tion [49]).

Another intrinsic feature of the current work that could be
considered a limitation is that the DIF analysis reported here is
exclusively based on the Rasch analysis measurement model.
However, Classical Test Theory and Item Response Theory are also
available for questionnaire evaluation, and each has suitable DIF
assessment tools.

As detailed in the Methods section, in the current study, items
with DIF had a different calibration in the two groups of respon-
dents (i.e, were set more difficult in Group B than A). On the
contrary, the two participant groups were set with the same mean
ability, fixed to 0 logits.

This way of simulating DIF is entirely in line with the DIF
analysis by Linacre [20], according to which persons’ abilities from
the primary analysis (here, their disability level) are anchored (i.e.,
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fixed), and item difficulties are estimated unanchored, i.e., free to
differ in the two participants’ groups.

In computational terms, this "anchor abilities method" is con-
sistent with the Mantel-Haenszel statistics, commonly used for
DIF assessment in the Classical Test Theory and the "anchor theta
method" of the Item Response Theory [20].

According to the Mantel-Haenszel procedure [50], respon-
dents are classified based on their ability level, which is deter-
mined by the questionnaire’s total score. Since it works on total
raw scores, the Mantel-Haenszel procedure does not allow for
missing items.

Next, for each ability class and item, the number of respon-
dents passing the item and the number of respondents failing it
is compared in the two DIF groups (here, these would be Group
A and Group B).

In Item Response Theory, DIF also looks at the chance of cor-
rectly answering or endorsing an item conditioned on the latent
trait called "theta," in Item Response Theory jargon.

Several methods are available for DIF assessment in the Item
Response Theory. Among these, a procedure based on logistic
regression, which aligns with the Mantel-Haenszel procedure, is
often used.

The probability of affirming/passing/endorsing an item is the
response variable of a logistic regression model with the partic-
ipants’ questionnaire’s total score, membership to one of the DIF
groups, and the interaction between the total score and group
membership as the predictors.

A significant group membership would indicate that the prob-
ability of endorsing an item is different in the groups of the DIF
analysis, regardless of any difference in the overall ability, as indi-
cated by the questionnaire total score.

Even if computational differences can be found, the simi-
larities between the DIF assessment in the Classical Test Theory,
Rasch analysis and the Item Response Theory are remarkable.
Moreover, it is worth noting that, mathematically speaking, the
dichotomous Rasch model, i.e., the original model by Georg
Rasch [9], is the one-parameter model of the Item Response
Theory [51]. Thus, DIF assessment techniques for the Item
Response Theory could be applied to the Rasch measurement
framework.

As part of the future development of current research, the
following studies could assess the DTF caused by DIF in the con-
text of different psychometric theories. For example, it could be
that participants’ metrics extracted from questionnaires’ total
scores with models from the Item Response Theory could show
different robustness to DIF compared to the measures from the
Rasch analysis.

As a last note, it also emphasised that this analysis has only
looked at the uniform DIF case. The case of the non-uniform DIF
remains to be developed in full.

Conclusions

It is shown here that disability measures from the FIM motor
domain and the Barthel indices are remarkably robust to the DIF,
i.e., the malfunctioning of their items.

Regarding measurement error, the bias (i.e., the unfairness)
caused even by a considerable DIF is often small enough to be
ignored for practical purposes.

As long as the amplitude of the bias caused by DIF is known,
some error is tolerated, and DIF does not threaten the question-
naire’s validity, the robustness of questionnaire measures to DIF
makes it possible to benefit from generalisable measures.
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