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Objective: To validate the unidimensionality of the Action
Research Arm Test (ARAT) using Mokken analysis and to
examine whether scores of the ARAT can be transformed into
interval scores using Rasch analysis.

Subjects and methods: A total of 351 patients with stroke
were recruited from 5 rehabilitation departments located in 4
regions of Taiwan. The 19-item ARAT was administered to all
the subjects by a physical therapist. The data were analysed
using item response theory by non-parametric Mokken
analysis followed by Rasch analysis.

Results: The results 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 items have a
consistently hierarchical order along the upper extremity
function’s continuum. In contrast, the Rasch analysis, with a
stepwise deletion of misfit items, showed that only 4 items
(“grasp ball”, “grasp block 5 cm>”, “grasp block 2.5 cm>”,
and “grip tube 1 cm>”) fit the Rasch rating scale model’s
expectations.

Conclusion: Our findings indicated that the 19-item ARAT
constituted a unidimensional construct measuring upper-
extremity function in stroke patients. However, the results
did not support the premise that the raw sum scores of the
ARAT can be transformed into interval Rasch scores. Thus,
the raw sum scores of the ARAT can provide information only
about order of patients on their upper extremity functional
abilities, but not represent each patient’s exact functioning.
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INTRODUCTION

Upper extremity dysfunction occurs in approximately 30—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
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disabilities often produce long-term needs for assistance from
caregivers and society (3). Accurately measuring the upper
extremity 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 upper
extremity functional measure for patients after stroke is crucial
for both clinicians and researchers.

The Action Research Arm Test (ARAT) (2) is a measure
widely used in evaluating the upper extremity function of
patients after stroke. The ARAT has been found to have
satisfactory psychometric properties (including intra-/inter-rater
reliability, concurrent/convergent validity and responsiveness)
using classical test theory (2, 7—12). However, 2 shortcomings
remain in using this measure. First, the unidimensional
construct of the ARAT has rarely been examined. Unidimen-
sionality of the ARAT is crucial to determine what the ARAT is
uniquely measuring and to ascertain whether the item scores of
the ARAT can be summed up to quantify upper extremity
function (13). To our knowledge, the unidimensionality of the
ARAT had been examined only by van der Lee and co-workers
(14) using the Mokken analysis (15). The Mokken analysis is a
non-parametric modern item response theory (IRT) model that
examines accuracy of ordering between persons’ raw sum scores
on a measure to determine unidimensionality (14, 16). With a
sample of 63 patients in their study, van der Lee et al. found
that the ARAT comprised a unidimensional scale. However,
Mokken analysis typically requires a sample size larger than 200
to be reliably to estimate the unidimensionality of a scale (15).
In addition, their sample could not be considered as represen-
tative of the total stroke population because neither slightly
impaired nor severely impaired patients were included in the
sample. The results of their study, in our opinion, therefore did
not provide conclusive evidence supporting the unidimension-
ality of the ARAT.

The second shortcoming of the use of the ARAT is that, with
the Mokken analysis, the raw sum scores of the ARAT attain
only the status of ordinal scores instead of interval scores, even
if the unidimensionality of the ARAT has been verified. Because
of the unequal interval between 2 scores, the numeric scores on
an ordinal scale cannot exactly represent a person’s functioning
condition (17). Interval scores, on the other hand, represent an
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underlying trait in which equal intervals between any 2 points
on a scale are of equal value. The interval property allows one
to quantify change in a way which will support arithmetic
operations such as subtraction and make sum scores of 2
different measuring results comparable. Furthermore, an inter-
val score can be analysed by parametric statistics, which are
often more powerful than non-parametric methods (18). There-
fore, an interval-scale measure would enable clinicians and
researchers to quantify upper extremity 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 measure (19).

Parametric IRT models can be applied to examine whether
sum scores of a measure can be transformed into interval scores.
One well-known analysis of this approach is the Rasch analysis,
which is a technique used to establish the interval scale property
of a measuring instrument (20). Items that fit the Rasch model’s
expectations can be used to generate logit scores and can be
viewed as interval scores (21, 22). “Logit” is a contraction of
“Log-Odds Unit”. The odds are the probability that an
outcome does occur divided by the probability that the outcome
does not occur. The logit score is the logarithm of the odds
associated with the probability. When data fit the Rasch model’s
expectations, raw scores obtained from ordinal data can be
transformed to logit scores which form an equal interval linear
scale (23, 24).

The major difference between the Mokken and the Rasch
analyses is that the Rasch model further requires parametric
functional forms for item response function (IRF) of items, thus
enabling transformed interval scores of a measure to be
obtained (20). However, with this parametric assumption, the
Rasch model tends to exclude items whose scores cannot be
transformed into an interval scale, but which do fit the Mokken
model’s expectations, i.e. fit the unidimensional construct of a
whole item set. Based on a basic definition of unidimensionality
— that is, an item set is unidimensional if its true scores can be
shown to be a monotonic increasing function of a single
underlying latent variable (25) — the Mokken model is believed
to exemplify the simplest form of unidimensionality (26).
Therefore, the purpose of this study was 2-fold: (7) to validate
the unidimensionality of the ARAT using Mokken analysis with
a large sample; and (if) to examine whether scores of the ARAT
can be transformed into interval scores using Rasch analysis.

METHODS

Subjects

To select patients after stroke with a broad range of upper extremity
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: (i) diagnosis (International Classification of
Diseases, Ninth Revision Clinical Modification [ICD-9-CM] codes) of
cerebral haemorrhage (431) or cerebral infarction (434); (ii) ability to
follow instructions; and (iii) absence of other major diseases (e.g.
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tumours or arthritis) or impairments (e.g. amputations or fractures) that
would reduce or limit patients’ ability to perform upper extremity 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 ethics review boards.

Procedure

All of the 19 items of the ARAT were administered by the same physical
therapist to the patients at the 5 rehabilitation departments. Patients’
demographic details and data on co-morbidity were collected from their
medical records.

Instrument

The ARAT, developed by Lyle (2), is based on the upper extremity
function test of Carroll (27). It is designed to assess the recovery of
upper extremity 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 — cannot 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 upper extremity 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 3 assumptions: (i) items form a
unidimensional scale (measuring the same construct, e.g. upper extre-
mity function); (if) 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 upper extremity function); and
(iii ) the IRF for each item is a monotonically non-decreasing function of
the underlying construct, which means that patients at a higher level of
upper extremity 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 H; 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 upper extremity 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 supported if H>0.50 (15). Secondly, the double
monotonicity (DM) model (15) (assuming that the IRFs of the scale do
not intersect, in addition to the 3 assumptions of the MH model) was
used to test whether the items of the ARAT possessed an invariant
hierarchical ordering, which means that the difficulty order 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 item 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 2
criteria: “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 (28) was employed using the WINSTEPS program (29). The
Rasch rating scale model is useful for polytomous items when one
assumes that psychological distances, or thresholds, between scoring
categories are the same for all items (21, 30). In this study, because the
ARAT is a 4-point Likert scale (i.e. all items are rated 0, 1, 2, 3), the
rating scale model was used in this study. In addition to the 4
assumptions of the Mokken analysis, the Rasch rating scale model
requires a one-parametric functional form for the IRFs; that is, all IRFs
have the same slope and differ only in item difficulty (26, 31). The same
slope means the same value of the slope which is the average



discrimination of all the items (29). 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
behaviour affecting responses to items near the person’s functional
ability in upper extremity function; the outfit MNSQ is sensitive to
unexpected behaviour by persons on items far from the level (21, 22).
Consequently a MNSQ expected value is close to 1.0 (32). Values greater
than 1.0 (underfit) indicate the presence of unmodelled variance (noise)
along with the useful information in the data. These degrade measure-
ment. Values less than 1.0 (overfit) indicate better than expected fit to
the model. These responses agree with but add little additional
information to other responses (29, 32). Based on the publications of
Wright & Linacre (33), the range of acceptable infit/outfit MNSQ values
in this study is 0.6—1.4. The MNSQ value can be transformed to
standardized value (called ZSTD) to test if the data fit the model’s
expectations. The ZSTD values follow approximately a t distribution, or
the standard normal distribution, when the items fit the model’s
expectation. Z-scores reported in WINSTEPS are unit-normal deviates,
in which only about 2.5% of the scores are larger (smaller) than 1.96
(—1.96) (29). The misfit criteria in this study were predefined as follows
(21, 33): (i) infit ZSTD >1.96 and MNSQ >1.4 or outfit ZSTD >1.96
and MNSQ >1.4; and (ii) infit ZSTD < —1.96 and MNSQ <0.6 or
outfit ZSTD < —1.96 and MNSQ <0.6. Items considered to misfit the
Rasch model were removed in a stepwise manner by inspecting a series
of infit to outfit statistics. In addition, the appropriateness of the scoring
categories of the ARAT was investigated using the Rasch rating scale
model. Estimates of the threshold difficulty between the adjacent scoring
levels can be used to examine the appropriateness of the scoring
categories of the ARAT (34). If disorderings of the step difficulty (i.e.
the difficulty of a higher step is lower than that of its adjacent lower
step) between any 2 adjacent levels were found, then the scoring
categories of the items might be reorganized to achieve suitable scoring
categories.

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 upper extremity function
deficits, and their sum scores of the ARAT were scattered
throughout the full range of possible scores (0—57).

Table II shows that the range of scalability coefficient H; of
each item of the ARAT fells 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

Table 1. Characteristics of the patients after stroke (n=351)

Characteristics
Gender (male/female) 222/129
Age, median (interquartile range) 63 (53-71)
Month after onset, median (interquartile range) 12.5 (4-30)
Diagnosis, n (%)
Cerebral haemorrhage 113 (32)
Cerebral infarction 238 (68)
Side of paresis, n (%)
Right 175 (50)
Left 176 (50)
ARAT sum score, median (interquartile range) 5.0 (0-40)
Severity of UE function, n (%)
Severe (ARAT <5) 175 (50)
Moderate 117 (33)
Mild (ARAT >51) 59 (17)

ARAT =Action Research Arm Test; UE =upper extremity.
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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. After removing the item “Pinch ball
bearing 3rd finger and thumb”, the 18-item ARAT fitted the
Mokken DM model’s expectations well (H =0.95; Pmatrix <57
and Restscore <15). Thus, we concluded that the 18-item
ARAT fitted the DM model’s expectations.

Because parameter estimates and fit statistics of the Rasch
analysis depended on other items in the test and test length,
misfit items were generally removed in a stepwise manner. We

found that only 4 out of 19 items of the ARAT (“grasp ball”,
3
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“grasp block 5 cm™”, “grasp block 2.5 cm””, and “grip tube 1
cm®”) fitted the Rasch model’s expectations. The values in Table
III were tentative to give a general impression of the 19-item
ARAT Rasch model-data fit, showing 12 of the ARAT items
did not fit the Rasch model’s expectations in the initial analysis
(infit or outfit ZSTD >1.96 and MNSQ >1.4; or infit or outfit
ZSTD < —1.96 and MNSQ <0.6). The Rasch partial credit
model had also been used to examine the 19-item ARAT.
Similarly, only 6 items fitted the expectations of the Rasch
partial credit model. The threshold difficulty estimates of the
ARAT were far apart (> 0.90 logits). In addition, the ordering
of the threshold difficulty estimates was not reversed. These
results indicate that the scoring categories of the ARAT are
acceptable.

DISCUSSION

This study was the first to use both a non-parametric Mokken
analysis and a parametric Rasch analysis with a large enough
sample to reliably validate 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’ expecta-
tions, except for one item in the DM model. This result
demonstrated that the 19 items of ARAT belong to the same
construct, which can be named the upper extremity function
based on Lyle’s original design of the ARAT (2). Also, except
for the item “pinch ball bearing 3rd finger and thumb”, the
remaining 18 items have a consistently hierarchical order along
the upper extremity function’s continuum. However, the mea-
sure was not consistent with the Rasch rating scale model,
indicating that raw scores from this measure cannot be
transformed into interval scores.

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 the study by van der Lee et al. (14), indicating that
the difficulty ordering of this item varied from the other items
and should be removed. However, the other 3 items these
authors found as misfitting the DM model — “pinch marble 3rd
finger and thumb”, “pinch ball bearing 2nd finger and thumb”,
and “pinch ball bearing 1st finger and thumb” — were not
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Table I1. Mokken scale analysis of the Action Research Arm Test (ARAT) arranged in ascending order of mean, indicating item difficulty from

high to low

Item Mean ItemH (H;) Pmatrix' Restscore!
Pinch ball bearing 3rd finger and thumb* 0.60 0.92 93

Pinch marble 3rd finger and thumb 0.71 0.93 60

Pinch ball bearing 2nd 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 1st finger and thumb 0.84 0.94 4

Pinch marble 2nd finger and thumb 0.85 0.95 18

Pinch marble 1st fin%er and thumb 0.94 0.94

Grasp block (7.5 cm”) 0.97 0.96 36

Grip washer over bolt 0.97 0.95 2

Grasp ball 1.00 0.96 51

Grip tube (2.25 cm®) 1.03 0.97 37 2
Grasp stone 1.05 0.97 44 5
Grip tube (1 cm?) 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 (2.5 cm®) 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

"Values of items with violations smaller than the minimum criteria of the MSP 5.0 computer program are not shown.

Item that showed violation ordering (Pmatrix >80).

Note: Because the ARAT generally did not fit the Rasch model’s expectations, it is not appropriate to calculate mean score for the ARAT. We
show the mean score of the ARAT here, only because it can be used for inter-study comparison.

found to deviate from the DM model’s expectations in the
current study. The differences between their sample character-
istics and ours might account for these discrepancies: Our
sample covered the full range of possible scores of the ARAT
(0-57), whereas their sample did not include patients with
severe upper extremity dysfunction (i.e. ARAT <5) and patients
with mild upper extremity dysfunction (i.e. ARAT >51). In
particular, “pinch marble 3rd finger and thumb” and “pinch
ball bearing 2nd finger and thumb” were the 2 most difficult
items that showed a good fit to the Mokken model in our study,
but a poor fit in the study by van der Lee et al. (14). Thus, the
presence of subjects with mild upper extremity dysfunction (i.e.
ARAT >51) in the sample of this study may have caused the
differences in the results of the studies.

Because collapsing of categories might improve model-data
fit of the Rasch analysis (35, 36), we had tried to collapse the
middle categories (i.e. recoding 0123 to 0112) due to the low gap
between the first 2 thresholds to determine whether the fit of the
ARAT would be improved. We found that seven items of the
revised ARAT fitted the Rasch model’s expectations. However,
because up to 63% of the 19 items remained misfit, this result
was still not satisfactory. Future studies may endeavour to
redefine the scoring categories of the ARAT to improve model-
data fit.

The poor Rasch model-data fit suggests that the current items
of the ARAT cannot meet the parametric assumption of the
Rasch model, indicating that raw scores of the ARAT cannot be
transformed into interval scores. Given the aforementioned
advantages for further usage of interval scores, which are
especially important for the calculation of change scores in
medical outcome studies, more effort should be invested into
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revising the ARAT to make it fit the Rasch model’s expecta-
tions. Researchers who are interested in constructing an interval
level measure of upper extremity function may base their work
on the 4 remaining items (“grasp ball”, “grasp block 5 cm®”,
“grasp block 2.5 cm>”, and “grip tube lcm™) to revise the items
of the ARAT. They may also use the generalized one-parameter
logistic model (37, 38), a less stringent model than the Rasch
model, to analyse the ARAT before revision.

Further revisions should also address the issue of local
dependence. Because of the original design of the ARAT, items
in each subscale are similar and correlated, which may cause
local item dependence (LID). The item fit statistics can detect
LID to some extent. If 2 items are overly related (a sign of LID),
the item fit MNSQ statistics would be much smaller than 1.0
and the ZSTD statistics would be extremely negative (39). In the
initial Rasch analysis, seven items were found to have MNSQ
smaller than the critical value of 0.6, indicating they were overly

29

related: for example, “grip tube 2.25 cm”™ and “grip tube 1

35
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cm’”, “grasp ball” and “grasp block 5 cm>”. There are other
sophisticated procedures to detect LID, (for example ref.
40-42). Because these procedures are beyond the scope of this
study and because the item fit statistics did a good job in
detecting LID, we did not apply these sophisticated procedures
here.

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
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Table II1. Initial Rasch analysis of the 19 items of the Action Research Arm Test (ARAT)

Difficulty SE Infit Infit Outfit Outfit
Item Logit* Logit MNSQ ZSTD MNSQ ZSTD
Pinch ball bearing 3rd finger and thumb 3.59 0.19 2.66 7.2 1.32 0.6
Pinch marble 3rd finger and thumb 2.31 0.17 1.90 5.0 1.19 0.5
Pinch ball bearing 2nd finger and thumb 1.77 0.17 1.16 1.1 0.6 —0.8
Pour water glass to glass 1.46 0.17 143 2.8 0.88 —-0.2
Grasp block (10 cm®) 1.32 0.17 175 4.5 1.16 0.5
Pinch ball bearing 1st finger and thumb 0.99 0.16 141 2.7 0.9 —0.2
Pinch marble 2nd finger and thumb 0.88 0.16 1.10 0.8 0.68 —-1.0
Pinch marble st ﬁn§er and thumb 0.06 0.16 1.02 0.2 0.72 —1.2
Grasp block (7.5 cm”) —0.13 0.15 0.63 —-3.2 0.43 -3.0
Grip washer over bolt —0.13 0.15 0.92 —0.6 0.64 —1.6
Grasp ball —0.38 0.15 0.57 -39 0.36 -3.6
Grip tube (2.25 cm?) —0.65 0.15 0.42 —6.0 0.32 -39
Grasp stone —0.78 0.15 0.41 —6.1 0.30 -39
Grip tube (1 cm?) —0.85 0.15 0.52 —4.6 0.37 —-33
Grasp block (5 cm?) —0.95 0.14 0.53 —4.7 0.36 —-33
Place hand behind head —1.32 0.14 1.68 4.8 3.48 5.6
Grasp block (2.5 cm?) —1.46 0.14 0.6 —4.0 0.48 -2.1
Place hand on top of head —2.41 0.13 1.1 1.0 1.71 1.4
Hand to mouth —3.31 0.13 0.82 —1.9 1.03 0.3
Threshold 17 —1.92 0.06 - - - -
Threshold 2 —0.98 0.07 - - -
Threshold 3 2.90 0.07 - - - —

*Items are arranged in descending order of difficulty logit; Underlining indicates misfit items.
"Threshold means difficulty between the adjacent scoring levels. The items of the ARAT have 4 levels of scaling and thus have 3 thresholds.
MNSQ =mean square standardized residual; ZSTD =standardized value.

where score changes are calculated (17). For example, if an
individual gains a greater score than on a previous assessment,
this can be considered only as showing improvement on his/her
functional ability; how much he/she exactly improved would still
be unknown. Secondly, 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 upper extremity function may
experience larger numerical gains than a patient with relatively
good upper extremity 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 upper
extremity function. Furthermore, the sum scores of the ARAT
should be subjected to non-parametric statistical analysis.

One limitation of this study is that we did not assess the
sensory functions of our participants. Sensory deficits may
influence their performance, especially on the items involving
picking up the small ball bearing with 2 fingers only. Lacking
information about sensory function of sample characteristics
may compromise the interpretation of the results.

In summary, our findings indicate that the 19-item ARAT
constitutes a unidimensional construct measuring upper ex-
tremity function in patients after stroke. Except for one item,
18-item ARAT fit the DM model representing a consistently
hierarchical order along the upper extremity function’s con-
tinuum. Since the 19-item ARAT forms a unidimensional
structure, this indicates the raw scores of the test can be
summed. Thus, clinicians and researchers are recommended to
use the 19 items of the ARAT as a whole instead of using them
as 4 subscales. However, they should be aware that 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 that the resulting sum scores can be
considered as having interval scale properties.
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