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Validation of the Action Research Arm Test using item response theory in stroke patients

Abstract
Objective: To validate the unidimensionality of the Action Research Arm Test (ARAT) by
Mokken scale analysis and to examine whether the ordinal raw sum scores of ARAT can be
transformed to interval scores via the Rasch rating scale model.
Subjects and Methods: A total of 351 patients were recruited from five rehabilitation
departments located in four regions of Taiwan. The 19-item ARAT was administered to all the
subjects by a physical therapist. The data were analyzed by Mokken analysis, followed by
Rasch analysis.
Results: The results strongly supported a unidimensional scale of the 19-item ARAT by
Mokken analysis, with the scalability coefficient H = 0.95. Except for the item “pinch ball
bearing 3rd finger and thumb”, the remaining 18 ARAT items form a constant hierarchical
scale for all stroke patients. On the other hand, the Rasch analysis, with a stepwise deletion of
misfit items, showed that only 4 items (“grasp ball”, “grasp block 5 cm3”, “grasp block 2.5
cm3”, and “grip tube 1 cm”) fit the rating scale model's expectation.
Conclusions: Our results provided strong evidence that the ARAT forms a unidimensional
scale for patients with stroke. However, the results did not support the premise that the ordinal
total raw sum scores of the ARAT can be transformed into interval Rasch scores. Thus,
patients can be ranked on their upper extremity functional abilities by the raw sum scores, but
equal differences in these scores do not imply equal differences in functional status. The score
changes within patients and the score differences between patients can only give us the
information about order of the patients, but not represent exact function of them.
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Introduction

Upper extremity (UE) dysfunction occurs in approximately 30 to 66% of stroke
survivors (1). For patients who have had a stroke, upper limb impairment is a major obstacle
to re-acquiring competency in performing activities of daily living (2). These disabilities
often produce long-term needs for assistance from caregivers and society for patients with
stroke (3). Accurately measuring the UE function of patients with stroke is essential for
appropriate treatment planning, clinical decision-making, and research (e.g. outcome studies)
(4-6). Therefore, a valid UE functional measure for stroke patients is crucial for both
clinicians and researchers.

The Action Research Arm Test (ARAT) (2) is a measure widely used in evaluating the
UE function of stroke patients. Many researchers have examined its psychometric properties
(including intra-/inter-rater reliability, concurrent/convergent validity, and responsiveness)
using classical test theory and have found satisfactory results (2, 7-13). However, at least two
shortcomings remain in using this measure in clinical and research settings. First, the
unidimensional construct of the ARAT has rarely been examined, where the unidimensional
construct of a scale indicates whether all items of the scale measure the same construct and is
required if one is to justify the summation of scores to quantify characteristics of interest (14).
To our knowledge, only van der Lee and her coworkers had examined this property of the
ARAT using Mokken scale analysis (15) and found that the measure comprised a
unidimensional scale (16). Mokken scale analysis is a nonparametric modern item response
theory (IRT) model that examines accuracy of ordering between persons’ raw sum scores on
a measure to determine unidimensionality (15, 17). However, since Mokken analysis
typically requires a sample size larger than 200 to reliably estimate the unidimensionality of a
scale (15), the sample size of 63 subjects in the study by van der Lee et al. appears to have
been too small. Furthermore, their sample could not be considered as representative of the
total stroke population because neither slightly impaired nor severely impaired patients were
included in their sample. Therefore, the results of their study do not provide conclusive
evidence supporting the unidimensionality of the ARAT.

Second, with the Mokken scaling analysis, the raw sum score of the ARAT attains only
the status of an ordinal score, even if the unidimensionality of the ARAT has been verified.
This means that a given difference in raw sum scores at one end of on the scale does not
necessarily represent the same amount of functional change for an identical difference at the
other end of the scale (18). For example, suppose that a patient, in two subsequent evaluation
periods, gained 5 points of progress (e.g. 5 to 10) and then 10 points of progress (e.g. 10 to
20) on the ARAT. It would be tempting to interpret these score changes to mean that at the
second evaluation the patient's UE function improved by twice as much as that at the first
evaluation. But, it is not necessarily so because these scores are ordinal. Interval scores, on
the contrary, represent an underlying trait in which equal intervals between any two points on
a scale are of equal value. The interval property maintains the numerical meaning of score
gains from a scale and allows the scores to serve beyond being just categories on an ordinal
scale. Therefore, clinicians and researchers can know exactly how much functional ability
patients have gained or how a certain two patients with different scores differ from others in
their functional status. In the above example, 10 points of progress on an interval scale would
indicate a doubling of the gain of 5 points in the UE function of the patient. Furthermore, an
interval measure can be analyzed by parametric statistics, which are often more powerful
than non-parametric methods (19). Therefore, an interval-scale measure would enable
clinicians and researchers to numerically quantify UE functional changes within patients and
differences between patients who have had a stroke and to obtain a more accurate reflection
of disease impact, functional recovery, and treatment effects in patients than is possible with
ordinal-scale measures (20).



To determine whether the ARAT sum score show an interval scale, the Rasch analysis
was conducted. The Rasch analysis is a technique to establish the interval scale property of a
measuring instrument (21). Items that fit the Rasch model’s expectations can be used to
generate logit scores and can be viewed as interval scores (22, 23). The purposes of this study
were to validate the unidimensionality of the ARAT by Mokken analysis with a large sample
and to examine whether the ARAT fits the Rasch model’s expectation, thus producing
interval scores.

Methods

Subjects

To select stroke patients with a broad range of UE dysfunction, subjects were recruited
from 5 rehabilitation departments located in northern, central, southern, and eastern Taiwan
between October 2003 and January 2004. All inpatients and outpatients of the rehabilitation
departments were invited to participate in the study if they met the following criteria: (1)
diagnosis (International Classification of Diseases, Ninth Revision Clinical Modification
[ICD-9-CM] codes) of cerebral hemorrhage (431) or cerebral infarction (434), (2) ability to
follow instructions, and (3) absence of other major diseases (e.g., tumors or arthritis) or
impairments (e.g., amputations or fractures) that would reduce or limit patients’ ability to
perform UE tasks. Only patients who were able to give informed consent personally or by
proxy (for those who were illiterate or unable to sign the informed consent form) were
included in this study. The project was approved by the local ethical review boards.

Procedure

The ARAT was administered by the same physical therapist to the patients at the 5
rehabilitation departments. Patients’ demographic details and data on comorbidity were
collected from their medical records.

Instrument

The ARAT, developed by Lyle(2), is based on the UE function test of Carroll.(24) It is
designed to assess the recovery of UE function following a cortical injury. The ARAT
contains a total of 19 items and is divided into 4 subscales—“grasp” (6 items), “grip” (4 items),
“pinch” (6 items), and “gross motor” (3 items). In the former 3 subscales, the ability to grasp,
move, and release objects differing in size, weight, and shape is tested. The fourth subtest
consists of 3 gross movements (place hand behind head, place hand on top of head, and move
hand to mouth). The items are graded on a 4-point scale: 0- can not perform any part of the
test; 1- can partially perform the test; 2- can complete the test but took abnormally long or
had great difficulty; 3- can perform the test normally). The maximum total score of 57
indicates the absence of UE dysfunction.

Data analysis

Two models of Mokken scale analysis were performed using the MSP 5.0 computer
program (15). First, the monotone homogeneity (MH) model for polytomous items was used
to examine the unidimensionality of the ARAT (15). The MH model has three assumptions:
(1) items form a unidimensional scale (measuring the same construct, e.g., UE function); (2)
item scores are locally independent (e.g., the scores on a given set of items are stochastically
independent of each other within a group of persons with the same level of UE function); and
(3) the item characteristic curve (ICC) for each item is a monotonically nondecreasing
function of the underlying construct, which means that patients at a higher level of UE
function have a higher probability of scoring higher for an item. The fit of the MH model is
evaluated by calculating the scalability coefficient H for the scale and Hi for each item i (15).



The Scalability coefficient H is a global indicator of the degree to which patients can be
accurately ordered on the UE function by means of their sum scores. Higher values of H
indicate fewer violations of the assumptions and thus a better scale. A unidimensional scale is
considered to be strongly supported if H > 0.50 (15). Second, the double monotonicity (DM)
model (15) (in additional to the three assumptions of the MH model, the DM model assumes
also that the ICCs of the scale do not intersect) was used to test whether the items of the
ARAT possessed an invariant hierarchical ordering, which means that the difficulty ordering
of all 19 items of the ARAT is the same for all patients suffering from a stroke. Thus, if item
A is harder than item B for one patient, then item A is harder than B for all patients. Moreover,
this holds true for any pair of items on the scale. The fit of the DM model was investigated by
two criteria values: “Pmatrix crit” and “Restscore crit”. A scale is considered to adequately
meet the DM model if the largest Crit value per item is smaller than 40. If the values of both
criteria for an item are found to be larger than 80, the invariant hierarchical ordering is
seriously violated for this item (15).

To examine the parametric function of the ARAT, the Rasch rating scale model (25) was
employed using the WINSTEPS program (26). In addition to the four assumptions of the
Mokken analysis, the Rasch model requires a one-parametric functional form for the ICCs;
that is, all ICCs have the same slope and differ only in item difficulty (27, 28). The same
slope means the same value of the slope which is the average discrimination of all the items
(26). Two fit statistics were used to examine whether the data fit the Rasch model’s
expectations. The infit mean square standardized residual (MNSQ) is sensitive to unexpected
behavior affecting responses to items near the person’s functional ability in UE function; the
outfit MNSQ is sensitive to unexpected behavior by persons on items far from the level (22,
23). The MNSQ value can be transformed to a t statistic, termed the standardized Z value,
which follows approximately the t, or standard normal distribution, when the items fit the
model’s expectation. The misfit criteria in this study were predefined as follows: (22, 29) (1)
infit ZSTD > 1.96 and MNSQ > 1.4 or outfit ZSTD > 1.96 and MNSQ > 1.4; and (2) infit
ZSTD <-1.96 and MNSQ < 0.6 or outfit ZSTD < -1.96 and MNSQ < 0.6. A MNSQ value
more than 1.4 indicates 40% greater variation in the observed data than the Rasch model
predicted, suggesting either that the item does not belong with the other items on the same
continuum or that there are problems in item definition. A MNSQ value of less than 0.6
indicates 40% less variation in the observed response pattern than was modeled; that is, the
item fails to discriminate individuals with different abilities or the item is redundant with
other items that measure a similar amount of challenge (30). Items considered to misfit to the
Rasch model were removed in a stepwise manner by inspecting a series of infit to outfit
statistics.

Results

A total of 351 patients were recruited in the study. The characteristics of the subjects are
presented in Table 1. The participants had a wide range of UE function deficits, and their sum
scores of the ARAT were scattered throughout the full range of possible scores (0-57).

Table 2 shows that the range of scalability coefficient Hi of each item of the ARAT fell
between 0.92-0.97. The scalability coefficient H of the 19-item ARAT is 0.95, which is well
above the criterion of 0.5. The Pmatrix and Restscore Crit values of each item of the ARAT
were all below the benchmark of 80, except for the “pinch ball bearing 3rd finger and thumb”
(Pmatrix Crit = 93), indicating little violation of the assumption of invariant item ordering.

Because the parameters and fit statistics of the Rasch analysis depend on the nature of
the items as well the number of items on a scale are included, the misfit items are generally
removed in a stepwise manner. Those parameters and fit statistics in Table 3 were tentative to
give a general impression of the fit of the ARAT to the Rasch model. Twelve of the ARAT



items did not fit the Rasch model’s expectations (infit or outfit ZSTD > 1.96 and MNSQ >1.4;
or infit or outfit ZSTD < -1.96 and MNSQ < 0.6). After deleting misfit items stepwise
according to the preset criteria, only four items (“grasp ball”, “grasp block 5 cm3”, “grasp
block 2.5 cm3”, and “grip tube 1 cm”) were found to fit the model’s expectation.

Discussion

This study was the first to use both a non-parametric Mokken analysis and a parametric
Rasch analysis to examine the measurement properties of the ARAT in patients who have
suffered a stroke. We found that the ARAT was consistent with the MH and DM models’
expectations, excepting for one item in the DM model. This result indicated that the 18-item
ARAT can be considered a unidimensional hierarchical ordering measure. However, the
measure was not consistent with the Rasch rating scale model, indicating that raw scores
from this measure cannot be transformed into interval scores.

The property of unidimensionality is fundamental to a measure and forms the key
component of content validity; (27) that is, we can know what we are measuring. The current
study, using a sample size capable of yielding a reliable estimate of the unidimensional
construct of the ARAT, demonstrated that the ARAT indeed measures the UE function as such
a construct. The unidimensional scale of the ARAT justifies the use of the sum scores of this
measure. Our results also confirm van der Lee et al’s suggestion that it is inappropriate to
divide the 19-item ARAT into the four subscales proposed by Lyle, (2) as it was found to be a
unidimensional scale.

We found that 18 items of the ARAT (except “pinch ball bearing 3rd finger and thumb”)
fit the DM model of the Mokken scale analysis, meaning that the difficulty of ordering of
these items was the same for all individuals. The misfit to the DM model of “pinch ball
bearing 3rd finger and thumb” was also found in van der Lee et al’s study, indicating that the
difficulty ordering of this item varied from the other items and should be removed. However,
the other three misfitting items, “pinch marble 3rd finger and thumb”, “pinch ball bearing
2nd finger and thumb”, and “pinch ball bearing 1st finger and thumb”, to the DM model
found in van der Lee et al’s study were not found to deviate from the DM model's expectation
in the current study (16). The differences between their sample characteristics and ours might
account for these discrepancies: our sample covered the full range of possible scores of the
ARAT (0-57), whereas their sample were not included patients with severe UE dysfunction
(i.e. ARAT < 5) and patients with mild UE dysfunction (i.e. ARAT > 51). In particular, “pinch
marble 3rd finger and thumb” and “pinch ball bearing 2nd finger and thumb” were the two
most difficult items which fit in our study but misfitted in van der Lee et al’s study. Thus, the
presence of subjects with mild UE dysfunction (i.e. ARAT > 51) in the sample of this study
may have caused the differences in the results of the studies.

The poor data-Rasch model fit suggests that the current items of the ARAT cannot meet
the parametric form assumption of the Rasch model. These results were not unique to our
study. Cook et al (31) found 4 shoulder function scales that misfit the Rasch model. In
another study, 3 functional assessments (the Fibromyalgia Impact Scale, the Health
Assessment Questionnaire, and the Medical Outcome Survey Short Form (SF-36)) were all
found to fail to meet the assumptions of the Rasch model (32). These other well known and
used measures have also failed to stand up to the Rasch analysis. Thus, the results support
previous arguments that the Rasch model is a stringent model for tests with parametric
properties (14, 27). For the aforementioned advantages of interval scores in this study, it is
valuable to establish interval level assessments for research and clinical settings. Researchers
who are interested in constructing an interval level measure of UE function may base their
work on the 4 remaining items (“grasp ball”, “grasp block 5cm3~, “grasp block 2.5cm3”, and
“grip tube 1cm”) to revise the items of the ARAT. However, it is expected that they will have



to devote great deal of resources and time to construct items that can fit a parametric IRT
model and generate interval scores.

Because the ARAT fit the Mokken scale analysis but not the Rasch analysis, the sum
scores of this measure have only ordinal scale properties, rather than interval ones. Some
concerns for further applications of the sum scores of the ARAT in clinical and research
settings are as follows. First, it cannot be assumed that the same amount of change in scores
means the same amount of functional improvement independent of the positions where score
changes are calculated, nor can the differences between scores be directly compared within
individuals or between a group of patients (18). For example, clinicians and researchers may
find that treatment A results in twice of the ARAT total score gain of treatment B in an
individual or in a group of patients. Although the numerical value of the former is twice that
of the latter, all that can be concluded is that treatment A has “greater” effectiveness than
treatment B, not that it is twice as effective. Second, score differences between individuals
and groups of patients are not necessarily comparable unless they are based on the same
evaluation scores initially. For instance, a patient with lower UE function may experience
larger numerical gains than a patient with relatively good UE function, but it cannot be
concluded that the former patient has improved more than the latter or that the treatment is
more effective for those patients with lower UE function. Furthermore, the sum scores of the
ARAT should be subjected to non-parametric statistical analysis.

In summary, our results provide strong evidence that the ARAT is a unidimensional
hierarchical scale for patients with stroke, excepting one item. Since the 19-item ARAT forms
a unidimensional structure, this indicates the raw scores of the test can be summed. Thus, it is
the scale that is being recommended to the clinicians or researchers are recommended to use
the 19-item ARAT. However, they should be aware the raw sum scores of the test are an
ordinal scale rather than an interval scale, implying that differences in scores on the ARAT
should be interpreted with great care. Further efforts may be needed to revise the ARAT so
the resulting sum scores can be considered as having interval scale properties.
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Table 1. Characteristics of the stroke patients (n=351)

Characteristic

Gender (male/female)
Age, median (interquartile range)

Month after onset, median (interquartile range)

Diagnosis, n (%)
Cerebral hemorrhage
Cerebral infarction
Side of paresis, n (%)
Right
Left
ARAT sum score, median (interquartile range)
Severity of UE function, n (%)
Severe (ARAT < 5)
Moderate
Mild (ARAT > 51)

222/129
63 (53-71)

12.5 (4-30)

113 (32%)
238 (68%)

175 (50%)
176 (50%)
5.0 (0-40)

175 (50%)
117 (33%)
59 (17%)




Table 2. The Mokken scale analysis of the ARAT

Item Mean* ItemH (H;) Pmatrix’ Restscore'

Pinch ball bearing 3" finger and thumb* 0.60 0.92 93

Pinch marble 3" finger and thumb 0.71 0.93 60

Pinch ball bearing 2™ finger and thumb 0.76 0.95

Pour water glass to glass 0.79 0.94 1

Grasp block (10 cm®) 0.81 0.93

Pinch ball bearing 1* finger and thumb 0.84 0.94 4

Pinch marble 2™ finger and thumb 0.85 0.95 18

Pinch marble 1% finger and thumb 0.94 0.94

Grasp block (7.5cm?) 0.97 0.96 36

Grip washer over bolt 0.97 0.95 2

Grasp ball 1.00 0.96 51

Grip tube (2.25cm®) 1.03 0.97 37 2
Grasp stone 1.05 0.97 44 5
Grip tube (1cm®) 1.06 0.96 46

Grasp block (5¢cm?) 1.07 0.96 38

Place hand behind head 1.12 0.92 44 7
Grasp block (2.5cm?) 1.14 0.96 15 14
Place hand on top of head 1.29 0.94 51 15
Hand to mouth 1.45 0.96 5

*Items are arranged in ascending order of mean, indicating item difficulty from high to low.
"Values of items with violations smaller than the minimum criteria of MSP 5.0 were not shown.

*Item that showed violation ordering (Pmatrix > 80).
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Table 3. The initial Rasch analysis of the 19 items of the ARAT

Item

Difficulty SE Infit Infit

Outfit  OQutfit

Logit* Logit MNSQ ZSTD MNSQ ZSTD
Pinch ball bearing 3" finger and thumb 359 019 266 72 132 06
Pinch marble 3" finger and thumb 231 017 190 50 119 05
Pinch ball bearing 2™ finger and thump ~ 1.77 017 116 11 0.6 -0.8
Pour water glass to glass 146 017 143 28 08 -02
Grasp block (10 cm?) 132 017 175 45 116 05
Pinch ball bearing 1% finger and thumb 0.9 016 141 2.7 0.9 -0.2
Pinch marble 2™ finger and thumb 088 016 110 08 068 -10
Pinch marble 1% finger and thumb 006 016 102 02 072 -12
Grasp block (7.5 cm?) 013 015 063 32 043  -3.
Grip washer over bolt 013 015 092 -06 064 -16
Grasp ball 038 015 057 39 036 -36
Grip tube (2.25 cm) 065 015 042 -60 032 -39
Grasp stone 078 015 041 61 030 -39
Grip tube (1 cm?) 085 015 052 -46 037 -3.3
Grasp block (5 cm®) -095 014 0.53 -4.7 0.36 -3.3
Place hand behind head -132 014 168 48 348 56
Grasp block (2.5 cm®) -1.46 0.14 06 -4.0 0.48 -2.1
Place hand on top of head -241 013 11 10 1711 14
Hand to mouth -3.31 0.13 0.82 -1.9 1.03 0.3

* Items are arranged in descending order of difficulty logit
The figures underlined indicated misfit items.
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