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Abstract. In recent years there has been an increasing use of outcome measures in clinical 
practice, audit procedures and quality control. The psychometric assessment of these measu-
res is still largely based on classical test theory (CTT), including analysis of internal consistency, 
reproducibility, and criterion-related validity. But this approach neglects standard criteria and 
practical attributes that need to be considered when evaluating the fundamental properties 
of a measurement tool. Conversely, Rasch analysis (RA) is an original item-response theory 
analysis based on latent-trait modelling, and provides a statistical model that prescribes how 
data should be in order to comply with theoretical requirements of measurement. RA gives 
psychometric information not obtainable through CTT, namely: (i) the functioning of rating 
scale categories; (ii) the measure’s validity, e.g. how well an item performs in terms of its rele-
vance or usefulness for measuring the underlying construct, and the consistency of item diffi-
culty compared with the expectations of the construct; (iii) the reliability, in terms of ‘separati-
on’; and (iv) the dimensionality of the scale and analysis of local independence of items.
For these reasons, RA is increasingly used and it was recently recommended as a method for 
assessing scale properties in addition to classical psychometric criteria for reviewing and asse-
ssing surveys and questionnaires for disability outcomes research. 
The purpose of this paper is to provide some insights regarding the use of modern psychome-
tric approaches such as RA for selecting and/or revising outcome measures in Physical and 
Rehabilitation Medicine.
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INTRODUCTION

Clinical practice, audit procedures, and quality 
control call for an increasing use of outcome me-
asures. Physiatrists need to acquire specific 
expertise to be able to select the appropriate 
assessment tools, administer them thoughtfully, 
and interpret correctly the results1.
Basically, an outcome measure is a tool to assess 
the magnitude of some longitudinal change (e.g. 
in impairment, functioning, activities, participati-

need to be considered when evaluating the fun-
damental properties of a measurement tool4, 
hence caution is needed when using ordinal sca-
les and dealing with raw scores3. In fact, the nu-
merical codes associated with each rating scale 
category (‘0’, ‘1’, ‘2’,…) do not necessarily imply 
proportionality among the measures (e.g. a su-
bject with score ‘2’ does not necessarily possess 
twice the amount of the latent trait with respect 
to a subject with score ‘1’). Moreover, using CTT 
item weighting is the same regardless of the diffi-
culties or complexity inherent in the items (e.g. 
certain items are more difficult than others). 
Conversely, Rasch analysis (RA) – named after the 
Danish mathematician Georg Rasch – is an origi-
nal item-response theory (IRT) analysis based on 
latent-trait modelling. RA provides a statistical 
model that prescribes how data should be in or-
der to comply with theoretical requirements of 
measurement and it estimates, amongst other 
things, how much the modelled measure is sup-
ported by the actual observed scores (the so-
called ‘‘data-model fit’’). Briefly, the model po-
stulates that the probability of a person’s 
response to each category of a rating scale item 
is governed only by the difference between two 
factors, which are calibrated simultaneously thro-
ugh an iterative process: the amount of latent 
trait possessed by the person (e.g. ‘functional in-
dependence’), conventionally referred to as ‘su-
bject ability’, and the amount of that trait analy-
zed by a given item, referred to as ‘item 
difficulty’5. Thus, it is expected that a person with 
high levels of latent trait (e.g. more functional in-
dependence) will consistently use higher scoring 
response options than one with less functional 
independence. The Rasch model conceptualizes 
the hierarchy of ‘item difficulty’ and ‘subject abi-
lity’ resulting from the analysis of the ordinal res-
ponse of each subject to each item like a ruler. If 
data fit the model, this ruler has the properties of 
an interval scale (i.e. it is linear and quantitative, 
which is particularly important when measuring 
change and responsiveness to treatment). RA 
provides also powerful diagnostic tools for scale 
functioning, item and person fit and dimensiona-
lity assessment.
For these reasons, RA is increasingly used and 
has been recently recommended as a method for 

A series of validation methods (using both CTT and RA) 
must be applied to analyze the validity evidence of an 
outcome measure.
Unidimensionality of outcome measures is a core as-
sumption of item response theory models and a pre-
requisite for any ensuing psychometric analysis.
Raw scores can be misleading and there is a potential 
for misinference when ordinal scales are used. If data 
fit the model, Rasch-transformed scores are at interval-
scale level.

on) in an individual or group2; in Physical and Re-
habilitation Medicine (PRM) 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’ wit-
hin the person, who may manifest it through a 
set of behaviours indirectly assessed by a series 
of observations or questions (items)3. In order to 
be useful for their intended purposes, the rating 
scales and questionnaires measuring ‘latent tra-
its’ must provide information that allows valid in-
ferences and decisions to be made. 
Classical test theory (CTT) is still widely used for 
validating these tools, in both their original and 
translated versions, as reports in peer-reviewed 
indexed journals show. These papers are based 
mainly on analysis of internal consistency, repro-
ducibility, and criterion-related validity (usually 
the demonstration of a moderate to good corre-
lation with some other measure of the trait un-
der study). This approach, however, neglects 
standard criteria and practical attributes that 
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assessing scale properties in addition to classical 
psychometric criteria in reviewing and assessing 
surveys and questionnaires for disability outco-
mes research6. 
The purpose of this paper is to provide some insi-
ghts to help in selecting and/or revising outcome 
measures in PRM, using modern psychometric 
approaches.

PSYCHOMETRIC SCALE ASSESSMENT USING
 RASCH ANALYSIS 

From a practical point of view, RA gives psycho-
metric information that is not obtainable through 
CTT and includes: (i) the functioning of rating sca-
le categories; (ii) the validity of a measure, by 
evaluating how well an item performs in terms of 
its relevance or usefulness for measuring the un-
derlying construct, and comparing the consisten-
cy of item difficulties with the expectations of the 
construct; (iii) the reliability, in terms of ‘separati-
on’ (i.e. the ratio of the true spread of the mea-
sures with their measurement error); and (iv) the 
dimensionality of the scale and the analysis of lo-
cal independence of items (as performed by prin-
cipal component analysis of the standardized re-
siduals). In this paper, we briefly review the 
above points. Once all these steps have been su-
ccessfully verified, it is eventually possible to con-
vert (via tables or nomograms) raw ordinal scores 
into Rasch interval scores, fully compliant with 
measurement theory.

Functioning of rating scale categories

In order to investigate whether a rating scale is 
being used in the intended manner, usually a pro-
cedure of ‘rating scale diagnostics’ based on RA is 
applied. The rating scale model is used to model 
responses for multiple-category rating scales that 
have the same number of choices for all questi-
ons. It specifies that a set of items shares the 
same rating scale structure and provides average 
measures and thresholds for response categories 
for the entire instrument. Conversely, the partial 
credit model is used if the pattern of threshold di-
fficulties changes across items.
The performance of the response categories can 
be evaluated according to a set of common sense 
criteria that have been formalized statistically in 

the framework of Rasch models by Linacre7: (a) 
at least 10 observations per category; (b) even 
distribution of category use; (c) monotonic incre-
ase in both average measures across rating scale 
categories and thresholds. The average measure 
for a category is the average ability of the people 
who respond in that category. Thresholds (some-
times also called step calibrations) are the points 
at which the probability of a response in one or 
other of 2 adjacent categories is equally likely, i.e. 
thresholds represent the transition from one ca-
tegory to the next. Additional criteria are: (d) ca-
tegory outfit mean square values less than 2, and 
(e) threshold differences higher than 1 and lower 
than 5 logit units.
Where necessary, redundant categories are collap-
sed to optimize the rating scale. As an example, 
table 1 shows the main results of recent Rasch stu-
dies suggesting the reduction of response catego-
ries in some outcome measures8-11 (Table 1). 
As it is often possible to use different collapsing 
schemes (for instance, category 1 could be co-
llapsed with category 0 or 2), several different ca-
tegorizations are compared, keeping track of the 
reliability indices since the more you collapse ca-
tegories, the more statistical and diagnostic infor-
mation you lose. The aim is to select the solution 
that maximizes statistical performance and clini-
cal meaningfulness5.
The number of categories in a rating scale should 
be selected with parsimony. When the available 
categories exceed the number of levels of a con-
struct that participants can discriminate, one be-
gins introducing error variance rather than infor-
mation into the ratings3. Category probability 
curves for a hypothetical 5-category scale are re-
ported in figure 1. The ideal plot should look like 
an ordered even succession of hills, with an 
‘emerging’ crest where each category is modal 
over a certain range. The ”0” curve declines as 
the subject’s ability increases; the crossing point 
(where 0 and 1 are equally probable) is the first 
”threshold”. The same applies for the other cur-
ves. In figure 1A the graph shows that the proba-
bility of using category 1 is never higher than that 
of adjacent ratings, and that of using category 3 
is quite slim. Conversely, in figure 1B the graph 
shows that the probability of selecting each of 
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the 3 revised rating categories (according to the 

scheme 01122) is a clear function of the level of 

ability shown by the subject in the x-axis. Corres-

pondingly, the ”thresholds” are ordered: i.e. a 

greater ability is required when the most likely 

response is 1 rather than 0, and 2 rather than 1 

(Figure 1).

Table 2 Mean difficulty estimates for each of the 14 items of the Mini-BESTest with standard errors (S.E.) and infit and outfit 
mean-square statistics (MnSq). The higher the item difficulty estimate, the less likely it is for any subject to gain a high score. 

ITEM Mean difficulty S.E. Infit MnSq Outfit MnSq
3 – Stand on Left/Right (L/R) leg 2.43 0.25 0.90 1.07
6 – Step lateral (L/R) 1.10 0.22 0.84 0.76
11 – Head turns 1.00 0.19 0.91 0.83
5 – Step backward 0.93 0.22 0.97 1.08
14 – Timed ”Get Up and Go” with dual task 0.77 0.24 1.07 1.08
2 – Rise to toes 0.65 0.20 0.94 1.11
8 – Foam surface, eyes closed 0.54 0.20 1.04 1.12
13 – Step over obstacles 0.10 0.21 0.75 0.73
4 – Step forward -0.03 0.21 1.14 1.23
9 – Incline, eyes closed -0.64 0.21 1.12 1.00
12 – Pivot turns -0.85 0.21 0.99 1.32
10 – Change speed -1.00 0.20 0.89 0.78
1 – Sit to stand -1.78 0.24 1.30 1.32
7 – Stance, eyes open -2.51 0.39 1.12 0.66

Table 1 Main results regarding category collapsing in different outcome measures. Italics and bracket show the categories that RA 
indicates as redundant and may be collapsed.

Questionnaire Question Ordinal levels

Locomotor Capability 
Index8

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

ABILHAND9

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 Survey10

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

Parkinson’s Disease 
Questionnaire -811

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.

In general, using three to five well-selected cate-

gories improves the measurement qualities of 

the scale (without decreasing its reliability in-

dexes), minimizing irrelevant construct variance 

and ensuring that each rating category repre-

sents a clearly distinct level of ‘ability’, level of 

agreement or similar. 
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Moreover, the art of asking questions is a crucial 
point for an outcome measure. Both Wolfe & 
Smith12 and McColl et al.13 suggest detailed gui-
delines for writing rating scale items, in order to 
maximize the measurement validity. 

Item validity

Depending on the string of ordinal raw scores, RA 
also assesses the extent to which the observed 
responses to the items accord with the responses 
predicted by the mathematical model. This is 
obtained by estimating goodness-of-fit (or simply 
fit) of the real data to the modelled data using 
particular expressions of the chi-square statistic 
(outfit = outlier-sensitive fit statistic, and infit = 
inlier-pattern-sensitive fit statistic) divided by its 
degrees of freedom [mean-square (MnSq)]. In 
accordance with the literature, with a sample 
size of about 100 persons MnSq values in the 
range of 0.7 to 1.3 indicate an acceptable fit (e.g., 
a value of 1.3 indicates 30% more variation in the 
observed data than the Rasch model predicted). 
If the differences between observed and expec-
ted scores are in the acceptable range, the data 
are said to ”fit the model”, and this is seen as 
equivalent to proving the theoretical construct 
validity and adequacy of the scale. Items outside 
this range are considered underfitting (MnSq  
> 1.3 suggesting the presence of unexpectedly 
high variability) or overfitting (MnSq < 0.7, indica-
ting a too predictable pattern).
As already stated, RA provides estimates of the 
level of difficulty achieved by each item (‘item di-
fficulty’) and of the location of each individual su-
bject along the continuum (‘subject ability’ re-
presenting the global amount of trait in the 
individual). Item difficulty and subject ability are 
expressed – on a common interval scale – in logit 
units, a logit being the natural logarithm of the 
ratio (odds) of mutually exclusive alternatives 
(e.g. pass vs. fail or higher response vs. lower res-
ponse). Logit-transformed measures represent li-
near measures (i.e. the intended amount of the 
trait). Conventionally, 0 logit is ascribed to the 
mean item difficulty. For RA it is reported that a 
sample size of about 100 people will estimate 
item difficulty with an alpha of 0.05 to within  
± 0.5 logits.

As an example, table 2 shows the main results of 

a fit statistic of the Mini-BESTest, a Rasch-based 

balance measure. 

During all the above procedures, the validity of 

the test items for their intended application and 

population is the most important aspect to consi-

der. Thus, one needs to be careful about deleting 

items from an outcome measure based on stati-

stical results only. Data analysis is an aid to thou-

ght, not a substitute6. The items to consider for 

deletion are those that5,15: 1) do not fit the Rasch 

model; 2) show redundancy, i.e. share the same 

span of item difficulty, thus introducing a risk of 

inflation of the cumulative raw score when the 

a)

b)

Figure 1 Category probability curves.

a) original scale with 5 categories (0-4)

b) revised scale after collapsing category 1 with 2, and 3 with 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 (patient ability minus the item difficulty) in 
logits (theta).
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scores of individual items reflecting the same le-
vel of ability are summed; 3) present local depen-
dence (i.e. a large positive correlation at principal 
component analysis of the standardized residuals 
after Rasch modelling). For example, two items 
with a correlation > 0.7 share more than half the-
ir ”random” variance, suggesting that just one of 
the two items is sufficient for measurement; 4) 
show differential item functioning, i.e. the proba-
bility of responding in different categories varies 
across subgroups (given an equivalent level of 
the underlying attribute). This means instability 
of item hierarchy across different samples and re-
duces the validity of between-group comparison, 
since the scores indicate additional attributes to 
the one the scale is intended to measure; 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 be-
ing measured and the conceptual model underl-
ying 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. 
A key form for clinical use for a given patient is 
shown in table 3. Clinicians can circle responses 
to the 14 items and then mark a vertical line 
that passes through the mid-point of the ratin-
gs; the point where this line intersects the hori-
zontal axis (measure in logits) is the estimated 
measure for that person. If this line intersects 
the horizontal line at zero, the patient has a mo-
derate level of balance function – these activiti-
es are not very difficult or very easy. Negative 
values reflect a lower level of functional ability, 
while positive values reflect a higher level of 
functional ability.

Table 3 Expected scores for a Rasch-based balance scale: Mini-BESTest. Distance between points is equal-interval. Logit measure at 
top of key, centered at the mean item difficulty. The rating scale is based on 3 categories (0= severely impaired; 1= moderately 
impaired; 2= normal). The threshold between adjacent categories is marked by ‘:’. At the bottom is the distribution of the person 
measures (subject ability) in the study sample: each marker ▒ is a single person.

  

 
  0              5     10    15    20     25         28 Raw Score 

(no missing values) 
|-------+-------+-------+-------+-------+-------+-------|  

-7     -5      -3      -1       1       3       5       7 MEASURE 
(LOGIT) 

  NUMBER & ITEM 
                          0   :       1       :   2       3 Stand on L/R foot 
                        0   :    1    :   2               11 Head turns 
                      0   :      1     :   2              6 Compens. step L/R 
                       0   :    1    :  2                 2 Rise to Toes 
                  0   :         1        :    2           14 Cogn. Get Up & Go 
                     0   :      1     :   2               5 Step Backward 
                      0  :    1    :   2                  8 Foam, eyes closed 
                  0   :      1      :   2                 13 Step over obstacles 
                 0   :     1     :   2                    4 Step Forward 
               0   :     1     :   2                      9 Incline, eyes closed 
               0   :     1      :   2                     12 Pivot turn 
                0   :    1    :   2                       10 Change speed 
           0  :    1    :   2                             1 Sit to Stand 
  0   :     1     :   2                                   7 Stance, eyes open  
|-------+-------+-------+-------+-------+-------+-------|  

            ▒    ▒ ▒▒▒▒ ▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒▒ ▒ ▒   ▒         PERSONS 
                 ▒ ▒ ▒▒  ▒▒▒▒▒▒▒▒▒▒▒▒▒ ▒▒       ▒        
                 ▒ ▒ ▒▒  ▒▒▒▒▒▒▒▒▒▒▒▒▒  ▒       ▒        
                 ▒ ▒ ▒▒  ▒▒▒▒▒▒▒ ▒ ▒▒▒  ▒       ▒        
                 ▒   ▒▒  ▒▒▒ ▒▒▒ ▒ ▒    ▒                
                          ▒  ▒▒▒ ▒ ▒                     
                          ▒  ▒▒▒   ▒                     
                          ▒   ▒▒                         
                          ▒   ▒▒                         
                          ▒    ▒                         
                          ▒                              
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Reliability

In RA, reliability is evaluated in terms of separati-
on (G), defined as the ratio of the true standard 
deviation of the measures to their standard devi-
ation measurement error. Along the measure-
ment construct the item separation index gives 
an estimate, in standard error units, of the spre-
ad or separation of items along the measurement 
construct, whereas the person separation index 
gives an estimate of the spread or separation of 
respondents. This index reflects the number of 
strata of measures that are statistically discerni-
ble. A separation of 2.0 is considered good and 
enables the distinction of three groups or strata, 
defined as segments whose centers are separa-
ted by distances greater than can be accounted 
for by measurement error alone [number of dis-
tinct strata = (4G + 1)/3]. A related index is the 
reliability of these separation indices, providing 
the degree of confidence that can be placed in 
the consistency of the estimates. Coefficients 
range from 0 to 1: coefficients of > 0.80 are consi-
dered good, and coefficients of > 0.90 are consi-
dered excellent.

Scale unidimensionality and local independence 
of items

In applying RA, it is important to evaluate the 
core assumptions of the model, first of all unidi-
mensionality, because one critical point of these 
statistical models is that the person’s response to 
an item that measures a construct is accounted 
for by his/her amount of that trait, and not by ot-
her factors.
Usually, dimensionality is preliminarily analyzed 
by factor analysis (for categorical data), but in RA 
a principal component analysis on the standardi-
zed residuals can be performed as a test of the 
unidimensionality of the scale (proportion of va-
riance attributable to the first residual factor 
compared with that attributable to Rasch measu-
res) and of the local independence of each item 
(i.e. the independence of item measures from 
extraneous variables, once their belonging to the 
shared construct has been ascertained).
After the removal of the trait/construct that the 
scale intends to measure (the so-called Rasch 
factor), the residuals for items should be un-

correlated and normally distributed (i.e. there 
are no principal components). The following are 
the main criteria used to determine whether 
additional factors are likely to be present in the 
residuals: 1) a cut-off of 50% of the variance 
explained by the measures; 2) an eigenvalue of 
the first residual factor smaller than 3 and b) a 
percentage variance explained by the first con-
trast of 5%. 

Rating scale structure should be as simple as possible: 
in most cases three to five well-selected categories are 
enough. The wording of questions has a major impact 
on validity and reliability of an instrument.
Many parameters should be considered to select the 
set of items with best coverage and technical quality. 
Data analysis is an aid to thought, not a substitute for 
clinical reasoning.

As for the local independence between items, a 
high correlation (> 0.30) of residuals for 2 items 
indicates that they may not be locally indepen-
dent, either because they duplicate some feature 
of each other or because they both incorporate 
some other shared dimension.

CONCLUSIONS

In this paper we have discussed just a few practi-
cal issues related to assessment of outcome me-
asures by RA, underlining the complexity of this 
field. At present, RA 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 techniques5,6. 
Outcome measures are an important aspect of 
clinical practice, audit and research. Considerable 
care needs to be taken to ensure that the best 
possible measure for the task in hand is selected, 
and that, wherever possible, the selected measu-
re conforms to modern quality standards for me-
asurement. 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 deciding to use one 
in clinical practice, decision making or policy de-
velopment.
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Unfortunately, little attention in general is paid to 
the theoretical framework of health outcome 
measures and to the large variation in the met-
hodological development and validation of com-
monly used tools16. Future research in PRM sho-
uld address both methodological and applied 
issues, e.g. more use of modern psychometric 
methods for measurement validation, better cali-
bration and responsiveness of the instruments, 
studies on comparability across different popula-
tions, more projects on item banks and compute-
rized adaptive testing17,18.
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