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Yesim Kurtaig, MD', Ayse Kugukdeveci, MD', Atilla Elhan, PhD?, Ahmet Yilmaz, MD', Tugba
Kalli, MD?, Birkan Sonel Tur, MD' and Alan Tennant, PhD?

From the "Department of Physical Medicine & Rehabilitation and 2Department of Biostatistics, Ankara University
Faculty of Medicine, Ankara, Turkey and 3The University of Leeds, Faculty of Medicine and Health, The General
Infirmary at Leeds, Leeds, UK

Objective: To investigate the psychometric properties of the
Rivermead Motor Assessment by Rasch analysis and con-
ventional statistics to improve its clinical utility.

Methods: A total of 107 patients after stroke were evaluat-
ed using the Rivermead Motor Assessment and Functional
Independence Measure (FIM™). Scaling properties were
assessed using Mokken scaling, internal construct validity
using Rasch analysis, reliability using Cronbach’s alpha and
intra-class correlation coefficients, external construct valid-
ity through convergent validity with FIM™, and responsive-
ness using the effect size and standardized response mean.
Results: Cronbach’s alpha and intra-class correlation coeffi-
cients for 3 sections of the Rivermead Motor Assessment were
between 0.88 and 0.95. Mokken scaling showed appropriate
Guttman patterns, but the hierarchical ordering of the items
differed from that of the original. After removing 4 items of
gross function, 1 of leg-trunk, and 4 of arm, all sections met
Rasch model expectations. External construct validity was
confirmed. Mean values of effect size and standardized re-
sponse were 0.38—0.51 and 0.60-0.89, respectively.
Conclusion: The Rivermead Motor Assessment has been
shown to be reliable and responsive. Guttman scaling is ap-
parent, but not as originally defined. After removing some
items, the scale satisfies the most stringent Rasch measure-
ment criteria and can produce interval scaling for the assess-
ment of motor function in stroke.
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INTRODUCTION

Professionals working in the field of rehabilitation have
traditionally given considerable emphasis to decreasing the
limitations in activity of those who have experienced a stroke,
despite the existence of various continuing impairments.
However, the promising results of an increasing number of
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studies about neuroplasticity have led rehabilitation specialists
to pay increasing attention to neurological recovery including
motor function (1, 2). Therefore, among various attributes,
the accurate evaluation of motor function becomes important
for both the planning of interventions and the assessment of
outcome.

The Rivermead Motor Assessment (RMA) is one of the
tools that assesses and defines the motor function of stroke
patients. It consists of 3 sections: gross function, leg and trunk,
and arm. Typically, for the gross function and arm sections,
items are organized hierarchically, and where a patient fails 3
consecutive items, the test on that section is stopped. Based
on the Bobath therapeutic approach (3), it is commonly used
as an outcome measure both in clinical setting and research
(4-10). The instrument was reported to have good test-retest
and inter-rater reliability (11) and its convergent validity with
the Motricity Index has been demonstrated (12). Given the way
in which it is commonly applied and scored, the RMA has also
been investigated for scalability. The leg and trunk section was
found to fail Guttman scaling criteria in acute stroke patients,
and only the items in the gross function section met scaling
criteria with non-acute strokes (13, 14). This suggests that
current assessment practice of stopping after 3 failures may be
compromised, as the hierarchical structure of the items do not
support such actions, at least in the way originally prescribed
by the developers. Furthermore, the lack of conformity to
Guttman scaling may suggest problems with the underlying
dimensionality of the subscales, so compromising any score
used for outcome assessment.

Over the past decade, the modern psychometric approaches
of item-response theory have been increasingly applied to the
evaluation of the instruments used to measure health outcomes,
including the scaling properties of the instrument (15). Given
the widespread use of the RMA, and the concerns about its
scalability, the construct validity and unidimensionality of
the arm section of the scale was recently investigated using
Rasch analysis (16). However, the internal construct validity
of other 2 sections of RMA was not assessed and consequently
this current study sets out to investigate in detail the psycho-
metric properties of all the subscales of the RMA, including
their scalability. To attain this goal, Mokken scaling (17) and
Rasch analysis were used to investigate the internal construct
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validity and scaling properties of all sections of RMA. The
external validity of the scale and its sensitivity to change were
also assessed by conventional statistical methods.

SUBJECTS AND METHODS
Subjects and settings

The study was conducted in the rehabilitation unit of a university
hospital. Consecutive patients admitted to in-patient rehabilitation
unit with unilateral hemiplegia and diagnosed as first-ever stroke (18)
were recruited to the study between January 2005 and December 2007.
Exclusion criteria were: other neurological diseases with permanent
damage; other musculoskeletal impairments; apparent cognitive
deficits hampering cooperation and understanding or following the
instructions for motor testing, and existence of apraxia. The study was
approved by the ethics committee of the Ankara University Faculty of
Medicine and all the patients gave their informed consent.

Among the 142 patients screened, 107 patients with a mean age of
62.4 (standard deviation (SD) 12.8) years (range 28—85 years, median
65 years) were included in the study and assessed at admission and on
discharge. Sixty percent was male and the median time since stroke
was 2 months (mean 5.6 (SD 11.2), range 0.5-78 months). Type of
stroke was ischaemic in 79% and haemorrhagic in 21%. Forty-eight
percent of the group had right-sided hemiplegia.

Evaluation

The demographic and clinical characteristics of the patients were
recorded and patients were assessed with the RMA and the Functional
Independence Measure (FIM™) (19, 20). First, the RMA was adapted
to the Turkish population using valid guidelines for cross-cultural
adaptation (21). Then, 2 assessors (AY, TK) administered the test to
patients until they were familiarized with the testing procedure and
eliminated any discrepancy between raters. All study subjects were
then assessed at admission and on discharge by the same physiatrists
(AY, TK) at all times.

The RMA consists of 3 scales including gross function, leg and trunk,
and arm sections. Each activity should be carried out independently. As
previously stated, all items in 2 of the sections (not the leg and trunk)
are supposed to be in a hierarchical order and traditionally stopping
rules are applied after 3 failures on any subscale. However, for the
purposes of this evaluation, all items were scored on each subscale,
so that the hierarchical ordering of each set of items could be fully
evaluated. The Gross Function section (RMA-gf) comprises 13 items
and assesses mainly mobility and ambulation from sitting to running.
The Leg and Trunk section (RMA-It) comprises 10 items assessing
isolated movements of trunk (e.g. rolling to the affected side) and leg
(e.g. dorsiflexion of ankle with leg extended while lying). Finally, the
Arm section (RMA-a) comprises 15 items assessing isolated movements
(e.g. protracting shoulder girdle with arm in elevation while lying) and
complex tasks (e.g. “pat-a-cake 7 times in 15 min). All items are scored
1 if the patient performs the activity, otherwise they are scored 0.

Reliability

Reliability of the RMA was initially tested by internal consistency.
The internal consistency of an instrument is an estimate of the degree
to which its constituent items are interrelated, and is assessed by
Cronbach’s alpha coefficient (22). In addition, the intra-class cor-
relation coefficient is calculated (ICC 2,1) (23). Subsequently reli-
ability is further tested by the person separation index (PSI) from the
Rasch analysis (see below). Usually a reliability of 0.70 is required
for analysis at the group level, and values of 0.85 and higher for
individual use (24).

Internal construct validity and scalability

Initially the data from each subscale were subjected to Mokken scaling to
determine if there existed a non-parametric probabilistic Guttman-style
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relationship in the data (17, 25-26) Acceptability of the probabilistic
relationship was determined by a Loevinger H-coefficient >0.3 for indi-
vidual items and the scale as a whole. Mokken scaling works “bottom-up”
by starting with the 2 items that have the strongest correlation, and then
adding further items which satisfy the Loevinger level given above. An
attempt to construct a second (and subsequent) scale is made when there
is more than 1 item remaining. Further details of the process can be found
elsewhere (27). The process is viewed as a natural starting point for Rasch
analysis, as satisfying Mokken scale requirements is a necessary, but not
sufficient, condition for satisfying Rasch model expectations (28).

The unidimensional Rasch model asserts that the easier the item the
more likely it will be passed, and the more able the person the more
likely they will pass an item compared with a less able person (29, 30).
It is a parametric procedure, and makes further requirements of the
data such that, if data meet model expectations a transformation from
ordinal to interval data can be achieved (31). Full details of applying
the Rasch model in health outcomes are given elsewhere (32, 33).

Briefly, data are tested against model expectations and to satisfy these,
a non-significant deviation from model expectation is expected. Thus >
based fit statistics (overall and for each item) should be non-significant
(Bonferroni adjusted). Residual item fit statistics should fall within +2.5
(99% confidence). Overall item and person residuals should display a mean
of zero and SD of 1 for perfect fit. A PSI is used to calculate reliability,
interpreted in the same way as Cronbach’s alpha (22). There should also
be an absence of differential item functioning (DIF), which shows whether
the response varies by group membership (e.g. age) at a given level of
the construct (34). For DIF, conditioned upon the patient s level of motor
function, no difference should be observed in the level of response to a
given item by external contextual factors such as age, gender, hemiplegic
side, type of stroke and time (admission/discharge).

The assumption of local dependency of items is examined through
the correlations of the residuals. Where locally dependent items are
observed they are grouped into a testlet (items are added together) to
determine if fit is improved. Finally, a formal test of the assumption of
unidimensionality is undertaken by performing a principal component
analysis of the residuals. Items with the highest positive and negative
correlations on the first residual factor are used to construct 2 smaller
scales, anchored to the item difficulties of the main analysis (35). The
person estimates derived from these 2 subsets of items are contrasted
for each individual by an independent #-test. A significant difference
would be expected to occur by chance in 5% of cases. Consequently
the percentage of tests outside the range * 1.96 is reported, together
with a 95% binomial confidence interval. This interval should overlap
5% for a non-significant finding to confirm unidimensionality.

External construct validity

The external construct validity of the RMA is assessed through con-
vergent validity with the FIM™ motor scale, previously adapted for
use in Turkey (20). Although a measure of activity limitation rather
than motor impairment, a moderate association would be expected. The
FIM™ is used as part of a routine clinical procedure for the assessment
of patients with neurological disabilities in the present setting. Degree
of associations with FIM™ motor and its sub-components, FIM™
self-care and FIM™ mobility (transfer and locomotion) are analysed
by Spearman’s correlation coefficient.

Responsiveness

Responsiveness is defined as the ability of an instrument to detect
important changes over time. In this study, it is evaluated through
the effect size (ES) and standardized response mean (SRM). SRM
is calculated by dividing the mean change by the SD of the change
scores, while ES is calculated by dividing the mean change by the SD
of the admission scores (36).

Sample size and statistical analysis

For the Rasch analysis, it is reported that a sample size of 150 patients
will estimate item difficulty, with o of 0.01, to within + 0.5 logits (37).



Table 1. Frequency (%) of positive responses (hierarchical ordering)
within each Rivermead Motor Assessment subscale

Gross motor

Item number function Arm Leg and trunk
1 13.4 16.4 14.2
2 12.1 10.9 12.9
3 10.4 9.5 13.2
4 10.3 9.3 9.8
5 10.1 8.2 12.8
6 9.9 7.1 7.4
7 8.3 6.8 6.1
8 6.3 6.3 8.8
9 7.7 5.3 8.3

10 7.4 2.2 6.6

11 3.2 3.7

12 0.6 4.5

13 0.3 3.0

14 4.8

15 2.0

This sample size is also sufficient to test for DIF where, at o of 0.01
a difference of 0.5 SD within the residuals can be detected for any
2 groups with § of 0.20. Bonferroni corrections are applied to both
fit and DIF statistics due to the number of tests undertaken (38). A
value of 0.005 is used throughout. Due to the floor and ceiling effects
observed in the RMA scores of some patients, in order to increase the
power of analysis, both admission and discharge data of RMA were
pooled for Mokken and Rasch analysis (2=209). A requirement for
this is that the scales are invariant across time, and thus DIF by time
was examined separately.

Statistical analysis was undertaken with SPSS for Windows
15.0 (Chicago, IL, USA); Mokken scale analysis was undertaken
with procedure “msp” within STATA (39) and Rasch analysis with
RUMM2020 (40).

RESULTS

Reliability

Cronbach’s alpha and ICC values of Gross Function section
(RMA-gf) were 0.93 and 0.88; that of Leg and Trunk section
(RMA-1t) 0.88 and 0.84 and of the Arm section (RMA-a) 0.95
and 0.93. The Rasch-based person separation index (PSI) of
the RMA-gf, RMA-It and RMA-a were 0.95, 0.89 and 0.98,
respectively. Consequently all scales satisfy reliability levels
for individual patient use.
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Initial scalability

Mokken scale analysis showed that the RMA-It and the RMA-a
both satisfied non-parametric Guttman Scaling requirements
with Loevinger’s coefficients of 0.723 and 0.927, respectively.
Eleven of the 13 items of the Gross Function section (RMA-gf)
satisfied those criteria with a Loevinger’s coefficient of 0.944.
Two items (12 and 13) formed a separate scale. However, the
hierarchical ordering of items within each subscale differed
from that given by the developers (Table I). For example, item
8 of the Gross Motor Function scale “walking 10 m indoors
without aid”, had fewer positive responses than the 2 follow-
ing items (9 and 10), shifting the ordering from that originally
reported. In the leg and trunk scale, item 7 “Standing, tap
ground lightly” is much harder for this group of patients, and
has a lower frequency of success than subsequent items in the
original hierarchy.

Internal construct validity

Data from each subscale were then fitted to the Rasch measure-
ment model. In the RMA-gf section, 3 extreme items (items
13, 12, 1) were excluded from the analysis. Item 2 showed
misfit to the model. After removal of this item, a 9-item
RMA-gf scale satisfied the model expectations with a mean
item fit residual —0.633 (SD 0.773), person fit residual —0.270
(SD 0.240), and y* item-trait interaction 19.5 (df 9), p=0.02
(Table II). The independent #-test analysis indicated strict
unidimensionality (1.7%: confidence interval (CI) 0-5.6%).
Some local dependency of items was observed but creating
a testlet (adding items together to make a combined score)
showed little improvement in overall fit. DIF by time was
found only in item 4 (transfer from wheelchair to chair towards
unaffected side). The PSI was high at 0.95 and the hierarchical
ordering of the items was consistent with the original design
with the exception of item §, “walking 10 m indoors without
aid”, which was much harder in this group of patients after
stroke (Fig. 1a).

In the RMA-It section, item 7 showed misfit to the model.
After removal of this item, a 9-item RMA-It scale satisfied
the model expectations [Mean item fit residual —0.598 (SD
0.657), person fit residual —=0.351 (SD 0.560), and ? item-trait
interaction 15.4 (df 18), p=0.64] (Table III). The scale was
unidimensional (5.8%: CI 2.2-9.4%). Two items demonstrated

Table I1. Fit of Rivermead Motor Assessment — gross function section to the Rasch model (n=118)

Item number  Item Location SE Residual x> df p

ef3 Sitting to standing -3.48 0.48 -0.50 0.92 1 0.339
of4 Wheelchair to chair transfer — unaffected side -3.08 0.44 -0.71 0.74 1 0.389
ef5 Wheelchair to chair transfer — affected side -2.61 0.41 -0.89 1.11 1 0.292
gf6 Walk 10 m indoors with aid —2.41 0.40 —0.60 0.46 1 0.497
of7 Climb stairs independently 0.28 0.31 -1.22 2.55 1 0.111
of8 Walk 10 m indoors without aid 3.35 0.26 -0.54 6.65 1 0.010
2f9 Walk — pick up bag from floor 1.20 0.30 -2.01 0.27 1 0.604
of10 Walk outside 40 m 1.49 0.29 0.83 1.25 1 0.263
gfll Walk up and down steps 5.27 0.29 —0.05 5.60 1 0.018

SE: standard error; df: degrees of freedom.
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Fig. 1. Hierarchical ordering of items in 3 sections of Rivermead Motor
Assessment (RMA). (a) gross function section (gf); (b) leg and trunk
section (It); (c) arm section (arm). 0=fail; 1 =pass.

local dependency, but combining them made the fit to model
expectations considerably worse. Reliability (PSI) was found
to be 0.89, but items 4, §, and 9 showed DIF by age and item
5 by gender. No items showed DIF by time. Hierarchical
ordering of the items differed from that originally published
(Fig. 1b).

In the RMA-a section, 4 items (items 1, 2, 3, 4) did not fit
model expectations. After deletion of these items, an 11-item
RMA-a scale satisfied model expectations [Mean item fit
residual —0.260 (SD 0.301), person fit residual —0.444 (SD
0.941), and a non-significant x*item-trait interaction 21.2 (df
22), p=0.51] (Table IV). The number of significant independ-
ent #-tests was low (2.6%: CI 0-7.5%) supporting the unidimen-
sionality of the scale. Some local dependency was observed,
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Fig. 2. Targeting of scales to patient ability for: (a) gross function section; (b)
leg and trunk section; and (c) and arm section. SD: standard deviation.

but creating a testlet showed little improvement in overall fit.
The PSI was high at 0.98, but items 8, 10, and 15 showed DIF
by gender and 15 by lesion. Again, no items showed DIF by
time. However, the original hierarchical ordering of the scale
was not supported with, for example, the item “pat large ball
upon floor” being much more difficult than suggested by the
original hierarchical ordering (Fig. 1c)

Targeting of the patients in relation to the items for each sub-
section of RMA is also displayed in Fig. 2. The scatter plot of
Rasch transformed measures vs raw scores and 95% confidence
limits (the classic Rasch “ogive”) is shown in Fig. 3.

Table 111. Fit of Rivermead Motor Assessment — leg and trunk section to the Rasch model (n=138)

Item number Item Location SE Residual ha af p

1t1 Roll to affected side -3.01 0.36 -0.53 2.14 2 0.342
1t2 Roll to unaffected side -1.50 0.27 —-0.97 1.52 2 0.469
1t3 Half-bridging -1.96 0.29 -1.74 1.61 2 0.447
1t4 Sitting to standing 0.72 0.21 —0.38 2.24 2 0.327
1t5 Half-crook lying -1.63 0.27 —0.68 1.23 2 0.542
1t6 Step unaffected leg 2.10 0.22 -1.12 3.93 2 0.141
1t8 Lying ankle dorsiflexion — leg flexed 1.19 0.21 0.06 0.66 2 0.719
1t9 Lying ankle dorsiflexion — leg extended 1.55 0.21 0.52 0.66 2 0.719
1t10 Stand with affected hip 2.53 0.23 —-0.53 1.36 2 0.506

SE: standard error; df: degrees of freedom.
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Table IV. Fit of Rivermead Motor Assessment-arm section to the Rasch model (n=76)
Item number ~ Item Location SE Residual e df P
Arm 5 Pick up large ball with 2 hands -5.35 0.56 -0.23 1.66 2 0.435
Arm 6 Pick up tennis ball from table -3.33 0.46 —0.88 0.54 2 0.765
Arm 7 Pick up pencil from table —2.65 0.45 —-1.31 1.02 2 0.602
Arm 8 Pick up paper from table —-1.58 0.42 -1.75 3.21 2 0.201
Arm 9 Cut putty with a knife and fork -0.09 0.37 -0.34 2.12 2 0.346
Arm 10 Pat large ball on floor 3.61 0.37 —-0.19 0.25 2 0.881
Arm 11 Fast opposition of thumb 1.71 0.33 1.90 3.97 2 0.137
Arm 12 Fast supination and pronation 0.94 0.34 -0.42 1.06 2 0.590
Arm 13 Horizontal arm abduction — body rotation 2.53 0.33 -0.36 0.29 2 0.863
Arm 14 String around head and tie bow 0.59 0.35 -1.16 5.30 2 0.071
Arm 15 “Pat-a-cake” on wall 3.63 0.37 —0.15 1.81 2 0.404
SE: standard error; df: degrees of freedom.
External construct validity Responsiveness

The correlations of RMA-gf and RMA-It with FIM™ were
moderate to high, whilst RMA-a showed moderate correlations
with FIM™ subscales (Table V).
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The ES and SRM were 0.51 and 0.83 for RMA-gf; 0.45, 0.86
for RMA-It, and 0.38, 0.60 for RMA-a, respectively, whereas
the ES and SRM were 0.61 and 1.20 for FIM motor scale.

DISCUSSION

In this study the psychometric properties of all 3 sections of
RMA were assessed for scaling properties and internal con-
struct validity by Mokken scaling and Rasch analysis, as well
as traditional methods to assess reliability, external construct
validity, and responsiveness. The reliability of all 3 sections
of the RMA was good when evaluated by both conventional
and modern statistical methods. In the previous report by
Van de Winckel et al. (16) the PSI of arm section was found
to be 0.93, which is in concordance with the findings of the
present study.

Mokken scaling was satisfactory, suggesting a probabilistic
Guttman hierarchy among the items, but highlighted that this
ordering failed to support that originally published. Conse-
quently, although a non-parametric probabilistic Guttman scal-
ing is evident, this will not support the “3 failures” approach
used with the originally specified hierarchical ordering.

Internal construct validity results indicated that all 3 sections
of'the scale required some modification to satisfy Rasch model
expectations. This was due to both structural problems with the
sample distribution, and to the extra demands placed upon the
pattern of item responses required to effect an interval scale
transformation. For example, in the RMA-gf section, item 1 (sit

Table V. Correlations of Rivermead Motor Assessment sections with
Functional Independence Measure (FIM™)

Rasch Transformed Measures
o

~&—Lower Confidence

6 Limit
—&—Upper Confidence
-8 Raw Scores Limit

Fig. 3. Scatter plot of Rasch transformed measures vs raw scores and 95%
confidence limits. (a) gross function section; (b) leg and trunk section;
(c) arm section.

Admission Discharge
FIM FIM
FIM Self-  FIM FIM Self-  FIM
Motor Care  Mobility Motor Care  Mobility
RMA-gf 0865 0.815 0.844 0.820 0.757 0.817
RMA-It 0.784 0.726  0.782 0.747  0.702  0.764
RMA-a 0.386 0.390 0.386 0.467 0.480 0.483

Spearman r, p<0.001.
a: arm section; gf: gross function section; It: leg and trunk section.
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unsupported) was achieved by everyone, while items 12 (run
10 m), and 13 (hop on affected foot 5 times) could not be done
by anyone. These results are clinically consistent considering
the properties of the patient group. Most of the patients were
in the subacute phase, so they already managed to sit unsup-
ported. On the other hand, items 12 and 13 are much more
difficult than any patient at this stage of stroke recovery could
perform. Similar results were observed by Adams et al. (14)
in their hierarchical scalability study. Removal of the extreme
items and the misfit item (item 2 lying to sitting) satisfied Rasch
model expectations. Likewise, in the RMA-gf section, item
7 (standing, tap ground lightly 5 times with unaffected foot)
required removal in order to satisfy expectations.

In the RMA-a section, items 1 (lying, protract shoulder), 2
(lying, hold extended arm in elevation), 3 (lying, flexion and
extension of elbow), and 4 (sitting, elbow pronation - supina-
tion) showed misfit. After these 4 items were excluded, the arm
section satisfied the model expectations and was found to be
unidimensional. This is contrast to the findings in the study
by Van de Winckel et al. (16) where, except for item 1, differ-
ent items were discarded using the same analytical approach
(items 1, 6, 7, 8). This difference may indicate variability of
scaling characteristics by diagnostic subgroup or, for example,
by time since stroke, which was longer in the study by Van de
Winckel et al. (16). Interestingly, the arm section of the RMA
showed discrepant scalability characteristics in distinct (acute
and non-acute) stroke populations in earlier studies (13, 14).
These results give rise to an uncertainty about the stability of
the arm section of the scale. In the present study, items of all
3 sections were mostly free of clinically important DIF, which
is another component of internal construct validity.

The original RMA was assumed to be a hierarchical scale.
Thereby, in each section, the evaluation could be stopped after
3 consecutive item failures. Later on, revised guidelines recom-
mended that all the items of leg and trunk section should be
performed, even in cases of 3 consecutive failures. However,
one of the main results of the present study has revealed that
the hierarchical ordering of the items in all 3 sections differed
from that originally specified. Similar findings were reported
for the arm section in the study by Van de Winckel et al. (16),
and previous work has shown that arm and leg and trunk
sections did not meet the hierarchical scaling criteria using
Guttman technique in different stroke populations (13, 14).
Thus, the current study supports the recommendation that all
items be scored on each scale, in both clinical assessments and
trials. Nevertheless, the presence of extreme items suggests
that such an approach (i.e. stop after 3 failures) would be
useful to avoid over-burdening patients with too-difficult (or
too-easy) tasks. Consequently the challenge is to identify how
the hierarchical ordering varies by diagnostic subgroup and
in different settings such that a more accurate tailored “stop”
routine may be employed.

To our knowledge, the sensitivity to change of the RMA has
not been investigated extensively previously. In only 2 studies
the authors implied that the RMA was sensitive to change, but
in both studies there were no quantitative evaluations (12, 13).
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In the present study, ES and SRM values showed that all 3
sections of the RMA were sensitive to change, the arm section
being the least responsive when compared with the FIM™ mo-
tor scale. Expected moderate, and moderate to high correlations
observed between the RMA sections and the FIM™ motor scale
supported the external construct validity of the scale.

There are some weaknesses of the study. The sample size is
low and may not be heterogeneous enough regarding time since
stroke, as 70% of the group was at 1-3 months after onset of
stroke. Another problem is the number of extreme cases. Of the
214 assessments, 43.5% of those for the gross function section,
34% of the leg and trunk section, and 63.6% in the arm section
were excluded from the Rasch analysis due to both ceiling or
floor effects, and thus a limited number of cases remained for
the final analysis. This is, of course, not a problem only for
Rasch analysis, as substantial floor and ceiling effects com-
promise the validity of the scale in any setting. Nevertheless,
the analysis of the scales was less than optimal.

In conclusion, this paper has evaluated the 3 sections of the
RMA by modern psychometric approaches and has shown
that, while a Guttman ordering is evident, the hierarchy of
items differs from that published, and that as a consequence
the “stop after 3 failures” approach using the original hierar-
chical ordering will be compromised. The reliability of the
scale has been shown by both internal consistency and ICC,
indicating a level consistent with individual use. The respon-
siveness has also been confirmed quantitatively by both ES
and SRM. Furthermore, with some modifications, the data
satisfy the most stringent measurement criteria defined by
modern psychometric theory and consequently can provide
interval scale estimates of motor function in stroke. Some of
these modifications were necessitated by extreme items, and
may not be required in a sample with much broader levels of
activity limitations.

Consequently, these results need to be verified in larger
and heterogeneous stroke populations where floor and ceil-
ing effects are minimized. For the present, until further work
demonstrates the robustness of the above findings, and where
clinical management need may require information from all
items, the original item set can be used. However, we recom-
mend scoring the scales in the original form (for comparative
purposes) and in their revised form (excluding deleted items)
for statistical purposes (where the summed score is valid and
unidimensional) until the stability of the item set has been
confirmed. Where change scores are required, or calculations
of responsiveness are to be made, these require Rasch-trans-
formed interval-scale scores.
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