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Editorial
Practical lessons learned from use of rasch analysis in the
assessment of outcome measures
Franco Franchignoni(1) I Andrea Giordano(2) I Xanthi Michail(3) I Nicolas Christodoulou(4)

In a time of increasing use of outcome measures in
clinical practice, quality control and audit procedures,
physiatrists need to acquire the necessary expertise to
be able to select the appropriate tools, administer
them thoughtfully, and interpret correctly the results(1).
An outcome measure is essentially an evaluative tool
for assessing the magnitude of some longitudinal
change (in impairment, functioning, activities,
participation, etc.) in an individual or group(2); in
Physical and Rehabilitation Medicine what is subject to
change often is a ‘latent trait’, ‘trait’ meaning a
hypothetical construct, domain, ability or other (e.g.
functional independence, manual dexterity, locomotor
capability) and ‘latent’ meaning that it cannot be
measured directly but is ‘hidden’ within the person,
who may manifest it through a set of behaviours
assessed by a series of questions (items) (3).
In order to be useful for their intended purposes, the
rating scales and questionnaires measuring ‘latent
traits’ must provide information that allows valid
inferences and decisions to be made. Basic classical test
theory is still widely used in peer-reviewed, indexed
journals for validating these tools, in both original and
translated versions. These papers are based mainly on
analysis of internal consistency [using Cronbach’s alpha,
well known for its limits (4)], reproducibility, and
criterion-related validity (usually the demonstration of
a moderate to good correlation with some other
measure of the trait under study). This is a superficial
approach that neglects standard criteria and practical
attributes that need to be considered when evaluating
the psychometric properties of a measurement tool (5-11),
and it does not provide information about many
essential psychometric characteristics, such as the
evaluation of how well an item performs in terms of its
relevance or usefulness for measuring the underlying

construct, the amount of the construct targeted by
each question, the possible redundancy of the item
relative to other items in the scale, and the
appropriateness of the response categories (12).
Furthermore, the caveats emerging from the use of
modern (e.g. Rasch) measurement methods are often
neglected or disregarded, probably due to a lack of
familiarity with these methods and their results. As an
example, some years ago the measurement properties
of the Lequesne index of severity for osteoarthritis of
the hip in elderly people were examined and major
limitations were found with the convergent validity
and the unidimensional structure of the measure (13).
This paper was cited also by a review on assessment of
disability associated with osteoarthritis, commenting
that this finding adds to the literature indicating
problems with this measure (14), but the Lequesne index
continues to be a favourite amongst clinicians, and
several recent papers in PubMed include it as an
outcome measure. The same applies for the Berg
Balance Scale, a measure with a rating scale structure
needing refinements (15), but still used in its original
version by dozens of recent studies.
In addition, papers reporting the validation of a scale
in different languages give little insight to readers if
detailed methods of cross-cultural adaptation and
validation are not applied (16-18).
In the last few years our group has published a number
of papers reporting psychometric analyses − using both
classical test theory and Rasch analysis − of outcome
measures to investigate a wide range of metric
characteristics (19-29).
The purpose of this paper is to summarize some basic
results of these studies, in order to provide insights for
selecting and/or revising outcome measures in Physical
and Rehabilitation Medicine (PRM). We focus our
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comments on the following practical issues related to
the use of outcome measures in clinical practice: 1)
content validity; 2) rating scale structure; 3) crosscultural adaptation.

1. Content validity
There are many procedures for analysing content
validity of an outcome measure (12), but the most
exhaustive are based on Rasch analysis methods. Rasch
analysis is an original item-response theory analysis
based on latent-trait modelling. Briefly, the model
postulates that the probability of a person’s response
to each category of a rating scale item is assumed to be
governed only by the difference between two factors,
which are calibrated simultaneously through an
iterative process: the amount of latent trait possessed
by the person (e.g. ‘functional independence’),
conventionally referred to as ‘subject ability’, and the
amount of that trait represented by a given item,
referred to as ‘item difficulty’ (3, 30). Thus, it is expected
that a person with high levels of latent trait (e.g. more
functional independence) will consistently use higher
scoring response options than one with less functional
independence.
The model conceptualizes the scale resulting from the
Rasch analysis like a ruler. The same ruler is used to
measure item difficulty and subject ability and it has
the properties of an interval scale (i.e. is linear and
quantitative, which is particularly important when
measuring change and responsiveness to treatment).
Conversely, the numerical codes associated with each

Figure 1 - Upper Extremity Functional Status module of
the Orthotics and Prosthetics User Survey (OPUS): Sshaped function between raw scores (x axis) and equalinterval Rasch measures in logits (y axis). In the
diagram, you can see that a change of 5 points in the
raw score between 20 to 25 corresponds to a
modification of 0.8 logits in the measure of manual
functioning, whereas a change of 5 points between 50
to 55 corresponds to a modification of 2 logits.
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rating scale category (‘0’, ‘1’, ‘2’,…) do not necessarily
imply proportionality among the measures (e.g. a
subject with score ‘2’ does not necessarily possess twice
the amount of the latent trait with respect to a subject
with score ‘1’). The typical non-linear relationship
between raw scores and Rasch-transformed measures is
shown in figure 1, using as an example a scale
measuring the degree of manual functioning after a
unilateral upper limb amputation (23). Moreover, item
weighting is the same regardless of the difficulties or
complexity inherent in the items (e.g. certain items are
more difficult than others). Thus, it must be
remembered that raw scores can be misleading and
there is a potential for misinference when ordinal
scales are used.
Before applying Rasch analysis it is necessary to
evaluate the core assumptions of the model, in
particular unidimensionality (i.e. whether items are
measuring one underlying dimension or several
separate dimensions). Factor analysis for categorical
data is usually performed to search for additional
dimensions or to evaluate the fit of the scale to a
unidimensional model (31). The extent to which the
model can be used to reproduce the sample data is
determined by examining a series of indexes (26, 29).
In the Rasch ruler, ‘subject ability’ and ‘item difficulty’
are expressed in logit units (figure 2), a logit being the
natural logarithm of the ratio (odds) of mutually
exclusive alternatives (e.g. higher response vs. lower
response) (30). Moreover, Rasch analysis assesses the
extent to which the observed responses to the items
accord with the responses predicted by the
mathematical model.
During all the above procedures, the validity of the test
items for their intended application and population is
the most important aspect to consider. Thus, one needs
to be careful about deleting items from an outcome
measure based on statistical results only. Data analysis
is an aid to thought, not a substitute (32).
The items to consider for deletion are those that:
1) do not fit the Rasch model;
2) show redundancy, i.e. share the same span of
difficulty (as items 2, 3 and 11 and items 1, 8, and 9
in figure 1), thus introducing a risk of inflation of
the cumulative raw score when the scores of
individual items reflecting the same level of ability
are summed (3);
3) present local dependence (i.e. a large positive
correlation at principal component analysis of the
standardized residuals after Rasch modelling) (7). For
example, two items with a correlation > +0.7 share
more than half their “random” variance, suggesting
that just one of the two items is sufficient for
measurement;
4) show differential item functioning, i.e. the
probability of responding in different categories
varies across subgroups (given an equivalent level
of the underlying attribute). This means instability
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of item hierarchy across different samples and
reduces the validity of between-group comparison,
since the scores indicate additional attributes to the
one the scale is intended to measure; and, last but
not the least,
5) are judged by expert review as not very relevant for
measuring the construct in question.
At the end of these analyses, in most cases 10 to 15
well-chosen items [i.e. with ‘expert-certificated’
validity (after evaluation of both the construct
being measured and the conceptual model

underlying the measurement of that construct),
fitting the model, making an independent
contribution to the construct and uniformly spaced
in terms of difficulty over the measurement range]
turn out to be suitable for a correct measurement.
TAKE HOME MESSAGES
c. Raw scores can be misleading and there is a
potential for misinference when ordinal scales are
used
a. A series of validation methods must be applied to
analyze validity evidence (12)
b. Unidimensionality of outcome measures is a core
assumption of item response theory models and a
prerequisite for any subsequent psychometric
analysis
c. If data fit the model, Rasch-transformed scores
are at interval-scale level
d. Many parameters should be considered to select
the set of items with best coverage and technical
quality
e. Data analysis is an aid to thought, not a
substitute for clinical reasoning.

2. Rating scale structure

Figure 2 - Patient-ability and item-difficulty maps of a
hypothetical outcome measure. The vertical line
represents the measure of the variable, in linear logit
units. The left-hand column locates each patient's
ability: each 'x' is one person. The right-hand column
locates the relative difficulty of each item (indicated by
its number in the scale). From bottom to top, measures
indicate more ability for patients and less difficulty of
items. By convention, the average difficulty of items in
the test is set at 0 logits (and indicated with M', while
patients with average ability are located at M).

In order to investigate whether a rating scale is being
used in the intended manner, usually a procedure of
‘rating scale diagnostics’ based on Rasch analysis is
applied. The performance of the response categories
can be evaluated according to a set of common sense
criteria (adequate number of responses per category,
even use of the categories, monotonic increase of the
difficulty of each category, fair coverage of the possible
responses, etc.) that have been formalized statistically
in the framework of Rasch models by Linacre (33).
Where necessary, categories are collapsed to optimize
the rating scale. As it is often possible to use different
collapsing schemes (for instance, category 1 could be
collapsed with category 0 or 2), several different
categorizations are compared, keeping track of the
reliability indices since the more you collapse
categories, the more statistical and diagnostic
information you lose. The aim is to select the solution
that maximizes statistical performance and clinical
meaningfulness (30).
A typical graphic presentation of the results of ‘rating
scale diagnostics’ is shown in figure 2. The intersection
of probability curves of rating scale categories shows
the point at which there is an equal probability of
choosing either of two adjacent response category
options (threshold estimates), i.e. where - on the trait
continuum - there is a transition from answering with
one response option to the next. As an example, in
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Figure 2 - Category probability curves: (A) original scale with 5 categories (0-4), (B) revised scale after collapsing
categories 1 and 2, and 3 and 4 and renumbering (01122). The y-axis represents the probability (0 to 1) of
responding to one of the rating categories and the x-axis represents the different performance values in logits
(theta,0).
figure 2A one can see that the probability of using
category 1 was never higher than that of adjacent
ratings, while category 3 shows a narrow threshold
difference (< 0.80 logits), whereas the plot should look
(as in figure 2B, after category collapsing) like a range
of hills, with each peak clearly visible.
a) Number of categories
The number of categories in a rating scale should be
selected with parsimony. When the available categories
exceed the number of levels of a construct that
participants can discriminate, one begins introducing
error variance rather than information into the
ratings(3). Streiner and Norman write “It is reasonable to
presume that the upper practical limit of useful levels
on a scale can be set at seven. Certainly these findings
clearly suggest that the ‘one in a hundred’ precision of
the VAS is illusory; people are probably mentally
dividing it into about seven segments” (34). Then they
add “when a large number of individual items are
designed to be summed to create a scale score, it is
likely that reducing the number of levels to five or
three will not result in significant loss of information”.
This is our experience. If it is true that healthy adults
can rarely distinguish more than seven levels of a rating
scale, we agree that some people with special needs
would be unable to appreciably discern between more
than five categories as indicating different levels of a
variable. Accordingly, Smith and Wolfe state that the
better fit to the Rasch rating scale model is usually
obtained with three to five categories (35). This is in
agreement with other authors who state that six or
more categories in a rating scale obscures the
distinction between categories (36, 37). In general, using
three to five well-selected categories improves the
measurement qualities of the scale (without decreasing
its reliability indexes), minimizing irrelevant construct
variance and ensuring that each rating category
represents a clearly distinct level of ‘ability’, level of
8

agreement or similar.
Table 1 shows the main results of our studies on the
category functioning in outcome measures with from 5
to 11 rating categories. Inevitably, Rasch analysis
suggested to reduce them to 3-5 categories. In
particular, when the questionnaire contains a
retrospective frequency-related response scale, this is
not surprising because often these categories are the
so-called ‘vague quantifiers’ (38). This to emphasize
that there is neither a formal nor an informal
definition given for the meaning of these terms
(‘sometimes’, ‘rarely’, ‘occasionally’, etc.) and as such
they have fuzzy boundaries (34).
b) Central category and question wording
From the point of view of classical theory, for a bipolar
scale (like a typical five-level Likert item from ‘strongly
agree’ to ‘strongly disagree’) the provision of an odd
number of categories should allow raters the choice of
expressing a position of neutrality. Conversely, an even
number of boxes forces the raters to commit
themselves to one or other side (35, 39). But, when the
middle category is labelled with a so-called ‘nonresponse category’ (i.e. with an indifferent, neutral or
undecided phrase, such as ‘Neither agree nor disagree’,
‘Neither dissatisfied nor satisfied’, ‘Does not apply’
“Don’t know”, etc.), there is often the trend to use it as
a ‘dumping ground’, i.e. respondents make their
responses for construct-irrelevant reasons and their
rating contributes construct-irrelevant variance to the
measure. Thus, it seems an easy way out rather than
taking time to think through to the correct answer.
For this reason, although the inclusion of negatively
phrased items may theoretically control or offset
acquiescence tendencies, their actual effect may be to
reduce response validity. As a result, it has been argued
that - from a measurement perspective - it would be
better that the ‘middle’ alternative – if really needed is presented aside, as the last response category, and
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Table 1 - Main results regarding category collapsing in different outcome measures. Italics and brackets indicate the
changes suggested by Rasch analysis
QUESTIONNAIRE

QUESTION

ORDINAL LEVELS

ABILITY
Whether or not you wear your prosthesis at
the present time, would you say that you are
able to do the following activities with your
prosthesis on?

0 = No
1 = Yes, If Someone Helps Me
2 = Yes, If Someone Is Near Me
3 = Yes, Alone, With Ambulation Aids
4 = Yes, Alone, Without Ambulation Aids

ABILHAND (22)

EASINESS
The patient is asked to evaluate the ease of
performing 46 common manual activities of
daily living

0=not able to do
1=very difficult
2=slightly difficult
3=easy
4=very easy

Orthotics & Prosthetics
User Survey (20)

EASINESS
Please indicate how easily you perform the
following activities

0 = cannot perform activity;
1 = very difficult
2 = slightly difficult
3 = easy
4 = very easy

Geriatric Oral Health
Assessment Index (24)

FREQUENCY
How often have you experienced difficulties?

0 = never
1 = seldom
2 = sometimes
3 = often
4 = always

Parkinson's Disease
Questionnaire -8 (21)

FREQUENCY
How often have you experienced difficulties
due to Parkinson's disease in the preceding
month?

0 = never
1 = occasionally/rarely
2 = sometimes
3 = often
4 = always.

Amputee Body
Image Scale (16)

FEELINGS
How do you see and feel about your body
image? (20 questions)

1 = none of the time
2 = rarely
3= some of the time
4 = most of the time
5 = all of the time

Prosthesis
Evaluation Questionnaire (17)

ABILITY
0-10 numeric rating scale

0-4 numeric rating scale

Fatigue Severity

SEVERITY OF SYMPTOMS

Three- to five-point response format

Scale (39)

Seven-point response format

Locomotor
Capability Index (19)

Disabilities of the Arm,
Shoulder and Hand (26)

DIFFICULTY TO PERFORM
Rate your ability to do the following
activities…

not considered for global raw score calculation.
In summary, the art of asking questions is a crucial
point for an outcome measure. Both Wolfe & Smith (35)
and McColl et al. (40) suggest detailed guidelines for
writing rating scale items, in order to maximize the
measurement validity.

0= no difficulty
1= mild difficulty
2= moderate difficulty
3= severe difficulty
4= unable

c) Negatively phrased items
Even if traditional wisdom would suggest that
designing a scale with an equal number of positively
and negatively worded statements could obviate the
problem of acquiescence bias (i.e. always agree with
statements as presented), evidence shows that caution
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should be exercised in the use of negatively phrased
attitudinal items and their inclusion may impair rather
than increase the validity of survey results (41).
Moreover, when a scale contains items written in the
opposite direction this could contribute to show a
separate factor in factor analysis (42, 43). As an example, in
the revised version of Trinity Amputation and
Prosthesis Experience Scales (25) a negatively worded
item (“I have difficulty in talking about my limb loss in
conversation”) inserted in the middle of a rating scale
based on a series of positively worded items was
reversed (“I find it easy to talk about my limb loss in
conversation”) in order to avoid confusion for some
readers.
Thus, we can conclude that further research on the
impact of mixing positive and negative statements is
recommended. But, at present we suggest that a mix of
‘positive’ and ‘negative’ statements in a questionnaire
should be avoided whenever possible.

TAKE HOME MESSAGES

TAKE HOME MESSAGES

a. There is a need for a series of technical procedures
and psychometric controls to verify equivalence
of source version and its adaptation to other
languages / cultures

a. Rating scale structure should be as simple as
possible. In most cases three to five well-selected
categories are enough

b. Detailed processes of cross-cultural adaptation
may provide useful insights for scale revision
aiming at a universal applicability

b. Conversely, too many categories introduce
background noise
c. Question wording has a major impact on validity
and reliability of an instrument

3. Cross-cultural adaptation
The great majority of instruments have been
developed in English-speaking countries and, when
measures have to be used in other than the source
context, there is need for a cross-cultural adaptation to
the new country, culture and/or language, in order to
maximise the attainment of semantic, idiomatic,
experiential and conceptual equivalence between the
source and target measures (44). This means analysing
many times in different ways if the instrument
functions as required with ‘real’ target people. A
correct translation process is just the first step. Full
adaptation requires that scaling and psychometric
properties of the new language version are assessed
and compared with those of the source version,
applying item response theory methods (45). In particular,
‘Differential Item Functioning’ analysis is performed to
test whether the difficulty hierarchy of the items is
similar across versions (as well as other testing
situations).
The main steps of the adaptation process usually
include forward and backward translations, consensus
by an expert committee, field testing of a pre-final
version (with face-to-face interview with respondents:
‘cognitive debriefing’) and development of the final
version, but many different approaches exist (46).
10

However, sometimes even these procedures are not
enough. For example, comparing the different crosscultural adaptations of the Disabilities of Arm,
Shoulder and Hand Questionnaire (DASH), Alotaibi (47)
found that some problems were identified (and solved)
only in some languages. For example, item 20 ‘manage
transportation needs’ was found difficult to
understand and unclear, and items 18 and 19
(regarding recreational activities) were judged to
include activities unknown or infrequently used for
some cultures (e.g. playing frisbee or badminton).
This example underlines that not only is there a need
for high quality cross-cultural adaptation, but also for
measurement tools well-designed right from the first
stage of their development.

Conclusion
The use of an outcome measure is an important aspect
of clinical practice, audit and research. Considerable
care needs to be taken to ensure that the best possible
selection for the task in hand is always performed, and
that, wherever possible, the selected measure conforms
to modern quality standards for measurement.
In this editorial we have discussed some practical issues
related to outcome measures, underlining the
complexity of this field. At present, Rasch analysis
represents one of the best methods for studying several
key methodological aspects associated with scale
development and construct validation that cannot be
analysed by traditional techniques (12, 30).
We think that the awareness of this kind of validation
can by itself help the final users to critically inspect
each outcome measure and the related literature
before using it in clinical practice, decision making or
policy development.
Unfortunately, there is a generally little attention given
to the theoretical framework of health outcome
measures and a large variation in the methodological
development and validation of commonly used tools(48).
Future research in PRM should address both
methodological and applied issues, e.g. more use of
modern psychometric methods for measurement
validation, better calibration and responsiveness of the
instruments, studies on comparability across different
populations, more projects on item banks.
From a European perspective, we believe that in order
to promote the use of outcome measures in clinical
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practice, decision-making and policy development
there is need for strong international multidisciplinary
cooperation, under the umbrella of the main European
PRM bodies (European Society of Physical and
Rehabilitation Medicine, UEMS PRM Section & Board,

and European Academy of Rehabilitation Medicine).
Key words: outcome assessment, Rasch analysis,
Physical & Rehabilitation Medicine
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