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Objectives. (1) To develop two independent measurement scales for use as items assessing hand movements and hand activities
within the Motor Assessment Scale (MAS), an existing instrument used for clinical assessment of motor performance in stroke
survivors; (2) To examine the psychometric properties of these new measurement scales. Design. Scale development, followed by a
multicenter observational study. Setting. Inpatient and outpatient occupational therapy programs in eight hospital and rehabilitation
facilities in the United States and Canada. Participants. Patients (N = 332) receiving stroke rehabilitation following left (52%) or
right (48%) cerebrovascular accident; mean age 64.2 years (sd 15); median 1 month since stroke onset. Intervention. Not applicable.
Main Outcome Measures. Data were tested for unidimensionality and reliability, and behavioral criteria were ordered according to
difficulty level with Rasch analysis. Results. The new scales assessing hand movements and hand activities met Rasch expectations of
unidimensionality and reliability. Conclusion. Following a multistep process of test development, analysis, and refinement, we have
redesigned the two scales that comprise the hand function items on the MAS. The hand movement scale contains an empirically
validated 10-behavior hierarchy and the hand activities item contains an empirically validated 8-behavior hierarchy.

1. Introduction

To maximize functional outcomes, occupational therapists
and physical therapists assess and provide interventions
related to gross mobility, sitting and standing balance, ambu-
lation, and motor performance of the arm and hand. Reha-
bilitation clinicians use standardized assessment tools on a
daily basis to determine patients’ baseline performance, guide
treatment planning, monitor ongoing progress, establish
recommendations for follow-up care after discharge, and
evaluate the effectiveness of interventions.

The Motor Assessment Scale (MAS) [1] provides rehabili-
tation clinicians and researchers with a single, quickly admin-
istered assessment of eight categories of poststroke motor
function: supine-to-sidelying; supine-to-sitting; balanced sit-
ting; sitting-to-standing; walking; upper arm function; hand

movements; and advanced hand activities. Each category is
scored on a 7-point scale (0-6), based on a person’s ability
to perform specific tasks. The tasks in each category are
intended to be hierarchical; that is, the ability to accomplish
task 6 implies the ability to accomplish tasks 1 through 5. This
arrangement reduces administration time and increases its
appeal to clinicians.

The MAS is a well-respected instrument [2], with excel-
lent test-retest reliability [1], interrater reliability [1, 3], con-
current validity with both the Fugl-Meyer Assessment [3-
5] and the Action Research Arm Test [4, 6]. Because of its
format, therapists report that it is efficient to use and helpful
in planning interventions [7]. It has been used as a primary
outcome measure in studies of standard neurorehabilitation
approaches [8], electrical stimulation [9, 10], virtual reality
[11], circuit training [12], constraint-therapy [13], and type of
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rehabilitation facility [14, 15]. Additionally, it has been used in
a variety of descriptive studies related to stroke rehabilitation
[16-18].

As a clinical evaluation tool, the MAS is preferable to
other assessments that are often selected for use in stroke
research studies. The Wolf Motor Function Test [19] and
Arm Motor Ability Test [20] require extensive setup and
are prohibitively lengthy for routine clinical use. The Action
Research Arm Test [21] requires purchase of a costly test
kit. Self-report measures, such as the Stroke Impact Scale
[22] and Motor Activity Log [23] require accurate reflection
by patients about daily activity patterns and may be most
appropriate for individuals who have already completed the
early stages of stroke rehabilitation. The Fugl-Meyer Assess-
ment [24], generally accepted as the gold standard in stroke
research, has excellent reliability and validity, but it is lengthy
to administer, it can be criticized for being based on outdated
theoretical constructs [25, 26], and it measures movement
impairments exclusively, with no evaluation of functional
performance [3].

From a measurement perspective, the eight items on the
MAS may be viewed as eight separate scales, each scored
according to a persons ability to pass a series of six dicho-
tomously scored behavioral criteria. The behavioral criteria
are arranged in hierarchical difficulty order, in which a score
of 0 indicates inability to achieve any of the criteria and a
score of 6 indicates ability to perform all the criteria. When
administering the MAS, a therapist assigns a score for each
item, based upon the most difficult criterion the patient can
achieve. Total MAS scores represent the sum of scores for
each of the 8 items and range from 0 to 48. Studies report
the total score for all 8 items [8, 14], total score for only the
mobility, balance and walking items [15], or scores for single
items, such as walking [16, 18, 27] or upper arm [8, 9]. Often,
the score for the upper limb (UL) subscale [11-13, 17, 28, 29]
is reported. This score, which can range from 0 to 18, is based
on performance in the upper arm, hand movements, and
advanced hand activities items.

The MAS’ unique organization is efficient because it
enables therapists to assign scores for each item without
assessing all six behavioral criteria. The assumption is that
if a patient can achieve the criterion for a score of 6 (or 5,
etc.), the person is also able to achieve the criteria for all lower
scores. Therefore, this structure requires a valid difficulty-
level hierarchy for the behavioral criteria subsumed within
each of the 8 items on the MAS.

The scoring criteria for the bed mobility, balance, sit-to-
stand, and walking items are characterized by clear perfor-
mance hierarchies. For example, the hierarchical score for
sitting-to-standing is determined by the amount of assistance
needed, symmetry of weight distribution, and performance
speed. Similarly, the hierarchical score for balanced sitting is
based on graded increments of displacements of the person’s
center of mass. Since the hierarchical criteria for scoring the
upper limb items are less obvious, several researchers have
questioned [3, 5, 30-33] the behavioral hierarchies for items
6 (upper limb), 7 (hand movements), and 8 (advanced aand
activities).
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We were the first to use Rasch analysis to assess the
hierarchal arrangement of behaviors comprising the UL
subscale items [30]. In a 100-person sample of stroke patients,
we found that each of the 3 items was unidimensional.
However, only the upper arm item’s behavioral criteria could
be empirically supported (i.e., the item-difficulty hierarchy
proposed by the original authors was supported by the Rasch
measurement model). The original hierarchy of behaviors for
the hand movements and advanced hand activities items was
not empirically supported by the Rasch measurement model.
Two subsequent studies supported the scoring criteria for
the upper arm but not advanced hand activities [32, 33] and
one of these also concurred with our finding about hand
movements [33].

In summary, the MAS, overall, is a useful and efficient
tool that is preferable to other assessments for evaluating a
range of motor behaviors in stroke survivors. However, prob-
lems in the scoring criteria for the hand items are a neg-
ative factor that decreases the tool's appeal to clinicians
and researchers. In our previous publication [30], we rec-
ommended improving the two hand items by (1) clearly
differentiating between movements and activities; (2) adding
criteria that would be appropriate for stroke survivors with
lower levels of hand function; and (3) providing a valid
difficulty hierarchy for behavioral criteria. The purpose of
this study was to develop two independent measurement
scales, hand movements and hand activities, for use in clin-
ical practice and outcomes research. Here, we report on
the multistep process of developing and examining the psy-
chometric qualities of these new items.

2. Materials and Methods

2.1. Preliminary Scale Development. We used both method-
ological and clinical perspectives in determining a pool of
behavioral criteria associated with hand movements and with
hand activities, with the goal of developing a psychometri-
cally valid instrument that can also provide clinicians with
guidelines for treatment. Several early decisions were based
upon our previous analysis of dimensionality and hierarchies
of difficulty for the original behavioral criteria on items 7 and
8 of the MAS [30].

The first decision was to clearly delineate between hand
movements and hand activities. To most occupational thera-
pists and physical therapists, “movement” refers to a person’s
capacity to actively produce a change in position of a specific
body part, and “activity” refers to a persons capacity to
integrate movements for performance of functional tasks. In
describing hand dysfunction in stroke survivors, Raghavan
[34] distinguishes between deficits in motor execution, asso-
ciated with specific paralysis, and deficits in motor control,
associated with motor planning and motor learning. When
assessing and intervening to improve hand function after
stroke, rehabilitation therapists are interested in knowing
which active movements an individual can produce and
which types of grasp a person is able to use for functional task
performance. The original hand movement item on the MAS
assesses forearm, wrist, and thumb motions and includes two
behavioral criteria (picking up a large ball and picking up
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a polystyrene cup) that we would consider to be activities,
rather than movements. On making this clearer distinction
between items 7 and 8 on the MAS, we adopted the name
hand activities (instead of advanced hand activities) to clearly
differentiate this item from item 7, hand movements, and
to remove the implication that all behaviors related to hand
activities will be more difficult, as compared to all behaviors
related to hand movements.

The second decision was to eliminate significant influ-
ences of proximal arm function on a person’s ability to achieve
a passing score on the items assessing hand function. This
decision led to removing those behavioral criteria which
required the individual to combine hand performance with
antigravity shoulder and elbow movements, such as reaching
forward, moving a utensil to one’s mouth, and combing hair
at the back of one’s head.

From a theoretical perspective, we were interested in
testing two commonly held beliefs: (1) that a particular
movement would be easier when performed in a gravity-
eliminated plane and more difficult when performed in an
antigravity plane; and (2) that certain types of grasp are
easier to achieve than others. Therefore, on the criteria for
our revised hand movements scale, we included adaptations
to standard assessments that are typically used in manual
muscle testing (with two items for each movement—one
against gravity and the other in a gravity-eliminated plane)
[35]. On the criteria for our revised hand activities scale, in
addition to tasks from the original MAS involving holding
and using a writing implement, we included tasks that
inherently require a person to perform lateral pinch [36]
(pick up a penny by sliding it to the edge of the table), pad
to pad pinch [36] (pick up a pencil), tip to tip pinch [36]
(pick up a penny from the table), and cylindrical grasp [36]
(grasp a 0.5 liter bottle). Finally, we made sure to include only
items which any individual, without hand impairments, could
easily achieve with either the dominant or nondominant
hand.

The next step in preliminary development of behavioral
criteria was to examine our previous findings related to floor
and ceiling effects, as well as large gaps in difficulty levels
between sequential behaviors tested on the advanced hand
activities item. In particular, we had identified a need to
provide behaviors that would be easier to achieve than pick-
ing up and putting down a pen cap. We selected a behavioral
task involving activation of a remote control device, as well as
a task in which the person would be required to use the hand
for stability purposes only (moving paper on a table).

Finally, some changes to the original criteria on the
advanced hand activities item were based on practical ratio-
nales. We changed picking up the top of a pen and putting
it down again to picking up and putting down a standard
lead pencil since pencils have more consistent size and shape,
as compared to the tops of pens, and a pencil is used in
subsequent writing tasks on the assessment. We also removed
the item involving balancing water on a spoon since water
may not be readily available and spills could create the need
for clean-up. An item requiring that the person pick up a
jellybean from a cup was eliminated because jellybeans are
impractical to keep in a test kit over lengthy periods of time.

Our preliminary scale development resulted in 14 criteria
assessing hand movements and 10 criteria assessing hand
activities. We deliberately included more than the required
6 criteria for each category, with the goal that Rasch analysis
would reveal the 6 criteria that provide the best hierarchy of
difficulty levels.

2.2. Initial Pilot Testing to Refine the Research Instrument.
We conducted two phases of initial pilot testing for the
purpose of maximizing interrater reliability (IRR). In the first
phase of pilot IRR study, 15 occupational therapists at an
urban hospital participated. Training consisted of watching
a video showing the administration of the assessment to
healthy individuals. Afterwards, the occupational therapists
watched and independently scored a video showing the
administration of the assessment to three stroke survivors
at different stages of recovery. In addition, they provided
narrative feedback about the clarity of test directions and
scoring criteria for each behavioral item. We calculated
percentage of exact agreement (PEA) with gold standard
scores established by the researchers. PEA for individual
items varied between 66.7% and 100%. Average PEA for the
hand movements scale was 93%. Average PEA for the hand
activities scale was 94%. Using both narrative and PEA data,
we improved the test protocol and scoring directions and
produced two new videos, consisting of vignettes from a
total of 8 post-stroke individuals performing the test items.
In the second phase of pilot IRR study, 82 occupational
therapists from four urban hospitals participated. Training
consisted of watching a video showing selected vignettes
of testing poststroke survivors and distribution of the test
protocol for therapists to practice. Two weeks later, therapists
watched a second video of different selected vignettes and
independently scored a patient’s performance on each item.
Narrative comments improved significantly, and PEA scores
rose to an average PEA of 95.7% for hand movements and
96.3% for hand activities. PEA for individual items varied
between 84.1% and 98.8%.

2.3. Data Collectors and Training. Thirty occupational ther-
apists at eight clinical sites in the United States and Canada
participated in preliminary training before serving as data
collectors.

The PI assigned one member of each site’s team to serve
as site coordinator, and the PI provided written test protocols
and complete test kits (see Section 3) to each site coordinator.
In addition, the PI provided each site coordinator with
training and examination videos.

Prospective data collectors participated in video-based
training in which they learned the test protocol and had
the opportunity to view vignettes of patient performance
to illustrate examples of behaviors that would constitute
passing and failing each item. Following this, prospective data
collectors completed a rater qualification exam based on their
ratings of a videotaped, volunteer stroke survivor performing
each item. Before beginning data collection, raters were
required to achieve a minimum of 90% agreement with
gold standard scores. An additional videotape of a second
volunteer stroke survivor’s performance was available in the



event any data collector needed to have a second opportunity
to pass the rater qualification exam. The mean score on
rater qualification exams was 98.78% in agreement with gold
standard scores.

2.4. Materials. In addition to the training materials, The PI
provided test kits to each participating site. Each test kit
consisted of a printed test protocol, score sheets for data
collection, and the following items:

(i) blank 8(1/2) x 11" paper (1 sheet/assessment);

(i) 8(1/2) x 11" paper with vertical lines, drawn 1" awa
pap y
from each vertical side (2 sheets/assessment);

(iii) 0.5 liter empty water bottle;

(iv) 8 oz. disposable cup (3.5" height);
(v) standard number 2 pencil;

(vi) US penny;

(vii) stop watch;

(viii) universal remote control device.

2.5. Procedure. IRB approvals were secured at eight hospital
and rehabilitation facilities in the United States and Canada,
and the study was conducted in accordance with each
site’s approved procedures. Subjects were recruited from the
general population of stroke rehabilitation inpatients and
outpatients at each facility. Individuals were included in the
study if they exhibited some ability to move or use their
paretic hand. All testing took place in the occupational
therapy treatment areas within the participating facilities.
Before testing, the data collector recorded each participant’s
age, gender, hand tested (left or right), whether the tested
hand was previously dominant or nondominant for writing
tasks, and time since the individual had sustained the stroke.
Seated at a standard table, each participant used the
paretic hand to perform the 14 behavioral criteria comprising
the hand movements scale and then performed the 10
behavioral criteria comprising the hand activities scale. The
data collector recorded “Pass” or “Fail” for each behavior,
based on standardized scoring criteria in the study protocol.
Completed score sheets were sent to the PI for data entry.

2.6. Data Analysis. We used the dichotomous Rasch model
(Winsteps software) [37] to assess dimensionality, test relia-
bility, and hierarchy of difficulty for behavioral criteria on the
hand movements and hand activities scales.

2.6.1. Dimensionality. The extent to which the criteria con-
tributed to a unidimensional construct was examined with
goodness-of-fit statistics and principal components analysis
of the residuals.

(1) Goodness-of-Fit Statistics. Under the Rasch model, good-
ness-of-fit statistics evaluate the assumption that low-ability
persons should do well on easy criteria and poorly on
difficult criteria, while higher-ability persons should do well
on both easy and difficult criteria. We examined the infit
statistic which is sensitive to performance of behaviors closely
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matching subjects’ ability. Fit statistics are reported as a
mean square of the standardized residuals (MnSq) with an
associated z-value (ZStd). Acceptable psychometric criteria
for unidimensionality were defined as MnSq values 0.5-1.7
and ZStd < 2.0 [30].

(2) Principal Components Analysis of the Rasch-Generated
Residuals. According to the Rasch model, all information
contained in the dataset should be explained by the under-
lying construct intended (i.e., hand movements or hand
activities) If true, then the unexplained aspects of the data, the
residuals, cannot be explained by another trait and are simply
random noise. Unidimensionality is supported when the
variance explained by the first factor >50%, the unexplained
variance <5.0%, and the eigenvalue for the first residual factor
<2.0 [38].

2.6.2. Reliability. One purpose of patient evaluation is to
describe how one patient’s skills are different from another
patient’s skills. Acceptable Rasch person-separation index
values are >2.0 [39]. Person strata indicate the number
of “centers” that are three measurement errors apart. A
minimum of two strata would assure that the hand move-
ments and activity scales were reliably sensitive enough to
distinguish between people with low versus high ability in the
sample.

2.6.3. Hierarchy of Behavioral Criteria. Through Rasch mea-
surement, items represent “difficulty” markings (calibrated in
log equivalent units or logits) along a metric representing the
continuum of the underlying construct. By placing person-
ability scores on this same metric, Rasch analysis directly
links person-ability and item-difficulty [39]. When applied to
the hand movements and hand activities scales, the analysis
arranged the behavioral criteria according to difficulty so that
the easiest criteria were those that were performed by individ-
uals with “poor” hand skills and the most difficult were those
that were performed by individuals with “good” hand skills.

2.6.4. Item Refinement. The final step in translating our work
to the development of improved items for the MAS was
to reduce the number of behavioral criteria on each scale.
Thus, we selected six behaviors per scale that represented
a range of difficultly levels that matched the range of the
sample’s ability level. We avoided items that were of similar
item-difficulty levels. We reintroduced behaviors one-by-
one while reapplying Rasch analysis at each step until the
person-separation value >2.0 and dimensionality criteria
were adequate. We then determined the precision of the
finalized scales by calculating the number of significant strata
identified in the sample.

3. Results

3.1 Participants. Three hundred thirty-two stroke survivors
participated. Participants ranged in age from 18 to 97 years
(s.d. = 15 years) with a mean and median of 64 years. Of those
whose gender was reported, 153 (48%) were female; 168 (52%)
were male. Of those whose affected side was reported, 162
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(52%) had left hemiparesis; 146 (48%) had right hemiparesis.
Of those whose dominance was reported, 132 (44%) were
tested with their dominant hand; 168 (56%) were tested with
their nondominant hand. Time since stroke ranged from
1 day to 26 years. Although this seems like a very wide
range, the median time since stroke was one month. One
hundred ninety-four participants (68%) had sustained the
stroke <= one month prior to testing; 285 participants (86%)
had sustained the stroke within one year prior to testing.
Severity of motor impairment ranged from individuals who
could only perform minimal hand movement to individuals
who had recovered significant function in the paretic hand.

3.2. Dimensionality

3.2.1. Goodness-of-Fit. Behavioral criterion fit statistics for
the hand movements and hand activities items are presented
in Tables 1 and 2. All criteria exhibited acceptable infit values.

3.2.2. Principal Components Analysis. For the hand move-
ments item, the first dimension explained 71.30% variance,
the unexplained variance was 4.6%, and the eigenvalue of
first residual factor was 2.3. for the hand activities item, the
first dimension explained 80.90% variance, the unexplained
variance was 2.6%, and the eigenvalue of first residual factor
was 1.4. While the eigenvalue for the hand movements item is
above criterion of 2.0, since the explained variance is over 15
times greater than the unexplained variance, we considered
the item as essentially unidimensional.

3.3. Reliability. 'The person-separation values for the hand
movements and hand activities items were 2.17 and 2.16,
respectively, which indicates that each of the items separates
the sample into three ability strata.

3.4. Hierarchy of Behavioral Criteria. Criteria in the hand
movements and hand activities items are arranged hierar-
chically in Tables 1 and 2. The difficulty calibrations and
standard errors (logits) are shown in the rightmost column
of each table. The hierarchical arrangement of each item’s
behavioral criteria can also be visualized on the item-person
maps presented in Tables 3 and 4. When we examined the
sample’s performance of the easiest criteria, we found that,
on the hand movements item, 96% of the sample achieved
the easiest criterion, finger flexion with gravity eliminated,
and 92.5% achieved the second easiest criterion, any thumb
motion. For the hand activities item, 94.3% achieved the
easiest criterion, slide paper, and 78.9% achieved the second
easiest criterion, use remote control.

3.5. Item Refinement

3.5.1. Hand Movements Item. We selected six behavioral
criteria from the hand movements item that ranged in
difficulty; (1) mass finger flexion with gravity eliminated,
(2) any thumb motion, (3) wrist extension against gravity,
(4) wrist radial deviation against gravity, (5) timed thumb
opposition, and (6) finger intrinsic movement against gravity.
Rasch analysis of these six criteria revealed an unaccept-
able person-separation value of 1.28. Therefore, movement

behaviors were reintroduced one-by-one and the person-
separation was recalculated until a value of 2.0 was obtained.
This resulted in a set of 10 behavioral criteria shown in Table
5 which exhibited adequate measurement properties: person-
separation of 2.11, acceptable infit values, strata of 3.15, and
acceptable principal components analysis results. The first
dimension explained 71.92% variance, unexplained variance
was 4.2%, and the eigenvalue of first residual factor was 1.7.
The sample’s scores ranged from 0.0 to 10.0 with a mean of 7.0
and standard deviation of 2.6.

3.5.2. Hand Activities Item. As in the procedure described
above, we chose six behavioral criteria from the hand
activities item that ranged in difficulty; (1) slide paper, (2)
use remote control, (3) pick up pencil, (4) place penny
in a cup, (5) timed dots, and (6) timed horizontal lines.
Rasch analysis of these 6 behaviors revealed an unacceptable
person-separation value of 1.52. Therefore, behavioral criteria
were reintroduced one-by-one and the person-separation
was recalculated until a value of 2.0 was obtained. This
resulted in a set of 8 behavioral criteria shown in Table 6
which exhibited adequate measurement properties: person-
separation of 2.31, person strata of 3.41, acceptable infit
values, and acceptable principal components analysis results.
The first dimension explained 82.30% variance, unexplained
variance was 3.1%, and the eigenvalue of first residual factor
was 1.4. The sample’s scores ranged from 0.0 to 8.0 with a
mean of 4.7 and standard deviation of 2.4.

4. Discussion

We present two amended items for assessing hand function
on the MAS: hand movements, consisting of 10 behavioral
criteria, and hand activities, consisting of 8 behavioral crite-
ria. In addition to providing a clear differentiation between
motor execution and motor control [26], we have added eas-
ier behavioral criteria which will enable the items to be used
with patients demonstrating more severe impairment. These
criteria are as follows: slide paper, use remote control, and
use lateral pinch to pick up a penny. To prevent development
of learned nonuse [40, 41], it is important for rehabilitation
therapists to identify early capacities in patients’ ability to
move and use the paretic hand in order to develop creative
ways for stroke survivors to use their paretic limb during daily
activities. Most importantly, each item’s behavioral criteria
are not only unidimensional and reliable but also arranged
in an empirically derived hierarchal difficulty order. This is
important for the MAS because item scores depend on the
validity of hierarchical arrangement of the behavioral criteria
used to score the item. The behavioral criteria defined in this
study allow a therapist to be reasonably confident that if a
patient can achieve the criterion for a particular score on a
selected item, the therapist does not need to test the criteria
for lower scores.

4.1. Hand Movements Item. The hierarchical arrangement of
behavioral criteria for the hand movements item is consistent
with the assumption that movements are easier when per-
formed in a gravity-eliminated plane and more difficult when
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TABLE 1: Behavioral criteria statistics for hand movements item.
Dimensionality Item difficulty
Infit MnSq ZStd Outfit MnSq ZStd Measure (dtandard error)
Finger intrinsic against gravity 0.77 -2.50 9.90 9.90 6.53 (0.21)
Timed thumb opposition 1.43 4.10 1.58 1.50 5.90 (0.19)
Finger intrinsic gravity elim. 0.61 -4.60 9.90 9.90 5.30 (0.19)
Wrist radial dev. against gravity 1.23 1.70 1.94 2.00 1.83 (0.21)
Wrist radial dev. gravity elim. 1.09 0.60 0.49 -110 0.04 (0.24)
Wrist extension against gravity 0.79 -1.50 0.37 -1.50 -0.83 (0.25)
Finger extension gravity elim. 0.78 -1.60 0.24 -2.10 -1.02 (0.26)
Finger extension against gravity 0.81 -1.30 0.25 -2.10 -1.05 (0.26)
Wrist extension gravity elim. 0.74 -2.00 0.27 -2.00 -1.22 (0.26)
Forearm supination 0.99 0.00 0.31 -1.80 -1.50 (0.26)
Any thumb motion 116 1.00 0.68 -0.50 -2.80(0.30)
Forearm pronation 11 0.60 0.35 -2.00 —-3.60 (0.34)
Finger flexion against gravity 0.91 -0.40 9.90 9.90 -3.60 (0.34)
Finger flexion gravity elim. 1.01 0.10 0.38 -1.80 -3.98 (0.37)
TABLE 2: Behavioral criteria statistics for hand activities item.
Dimensionality Item difficulty
Infit MnSq ZStd Outfit MnSq ZStd Measure (standard error)
Timed horizontal line 1.02 0.2 0.88 -0.20 9.20 (0.34)
Timed dots 0.70 -1.8 0.50 -1.80 5.74 (0.25)
Horizontal line 0.76 -1.4 1.79 1.30 1.41 (0.26)
Make a mark 0.61 -2.8 0.45 -1.40 0.54 (0.26)
Penny in cup 1.18 11 4.31 4.30 0.54 (0.26)
Pick up pencil 0.70 -2.5 0.25 -2.50 -1.04 (0.24)
Pick up penny (slide to edge) 0.82 -1.6 0.35 -2.30 -2.74 (0.22)
Pick up bottle 0.89 -0.9 0.45 -2.00 -2.94 (0.22)
Use remote control 0.99 -0.1 8.20 9.70 -3.71(0.23)
Slide paper 1.37 1.4 9.90 9.90 —-6.99 (0.37)

performed in an antigravity plane. Mass finger flexion, wrist
extension, wrist radial deviation, and the lumbrical/interossei
action of simultaneously flexing at the metacarpophalangeal
(MCP) joints while maintaining full extension at the proximal
interphalangeal (PIP) joints were all more difficult to achieve
when performing against gravity. This finding supports the
conventional wisdom that, when designing therapeutic tasks
to improve hand function in stroke survivors, it is wise for
therapists to first introduce tasks that require the patient to
use emerging movements in gravity-eliminated planes.
When developing the behavioral criteria for this item,
we had hypothesized that the lumbrical/interossei action
would be less difficult for stroke survivors than timed thumb
opposition. Thus, we expected that these criteria would be
useful in filling in the gap we found in difficulty level between
timed thumb opposition (the most difficult item, scored as
“6” on the initial version of the MAS) and the next most
difficult item for our sample (radial deviation). Our finding
that antigravity performance of IP extension combined with
MP flexion in the four digits was more difficult for the sample
group we tested was surprising. Although there is no liter-
ature to support this, we propose two conjectures that may

explain this finding. The first is that this is a particularly novel
movement that is unfamiliar to most individuals, whereas
thumb opposition to all the digits is a movement sequence
that many stroke patients may intuitively practice as they
recover motor innervation to the intrinsic thenar muscles. A
second possible reason why this particular movement may be
more difficult than timed thumb opposition is that, in order
to flex the MCP joints while simultaneously extending the IP
joints of digits 2—4, the individual is faced with a dual motor
challenge—to recruit the intrinsic lumbrical and interossei
muscles while also inhibiting contraction of the extrinsic
finger flexors.

4.2. Hand Activities Item. The hierarchical arrangement of
behavioral criteria in the hand activities item provides infor-
mation regarding the difficulties of various grasp patterns.
Opverall, we found that movements created by extrinsic hand
muscles are easier than movements requiring intrinsic muscle
function. Specifically, using the thumb to depress a key on
a remote control device can be performed through use of
Flexor Pollicis Longus—which is consistent with reports from
data collectors that “any thumb motion” (on the movements
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TABLE 3: Person-behavioral criteria map for hand movements.

TABLE 4: Person-behavioral criteria map for handa.

Hand movements

Higher ability people ~ Logits More difficult behavioral criteria
*HAREHREHHY 7
s HEHBEHES Finger intrinsic against gravity
* 6
Timed thumb opposition
%
Finger intrinsic gravity
eliminated
s HERHHHHE
5
% 4
*
x #HEFREHREHHE
3
2
Wrist radial dev.against gravity
*H###
1
*##
0  Wrist radial dev.gravity elim.
*#
# Wrist extension against gravity
-1 Finger extension gravity elim.
Finger extension against gravity
Wrist extension gravity elim.
w# Forearm supination
%
*# -2
*#
Any thumb motion
-3
*#
Forearm pronation
Finger flexion against gravity
3
4 Fi.ng'er flexion gravity
eliminated
*
* -5
Lower ability people Logits Less difficult behavioral criteria

In this map of person abilities and behavioral criteria, each # indicates 4
people and each * indicates 1-3 people. These representations of person
abilities are on the left and behavioral criteria are on the right. Lower ability
people and easier behavioral criteria are at the bottom of the map and higher
ability people and more difficult behavioral criteria are at the top of the map.

item) was, most typically, flexion at the first MCP and PIP
joints. In the sample of stroke survivors we tested, lateral
pinch was the next easiest grasp pattern, followed, in order of
successive difficulty, by cylindrical grasp, pad to pad pinch,
tip to tip pinch, and skilled control of a pencil for untimed,
and finally timed writing tasks.

Hand Activities
Higher ability people ~ Logits More difficult behavioral criteria
HEHHHEH 10
Timed horizontal line
9
8
*HREFBERREHRRY
7
6
Timed dots
5
HAREHRERRRHHY 4
3
2
*###
Horizontal line
1
Make a mark
Penny in cup
*##
0
*###
-1 Pick up pencil
HH#RH
-2
*##EH
Pick up penny (slide to edge)
3 Pick up bottle
Use remote control
*HEHHHY —4
-5
*
*#HEH#H
-6
*# —7  Slide paper
Lower ability people Logits Less difficult behavioral criteria

In this map of person abilities and behavioral criteria, each # indicates 4
people and each # indicates 1-3 people. These representations of person
abilities are on the left and behavioral criteria are on the right. Lower ability
people and easier behavioral criteria are at the bottom of the map and higher
ability people and more difficult behavioral criteria are at the top of the map.

4.3. Scoring the Items. To conform to the 0-6-point ordinal
scoring system used by all other items on the MAS, we
propose the following scoring system for the hand move-
ments and hand activities items (see Tables 7 and 8). As in
other items on the original MAS, individuals will score 6
points for successfully performing the most difficult motor



behavior and 3 points if they are able to perform the behavior
associated with the midpoint of motor abilities assessed by
the item. Other scores are prorated to provide appropriate
increments for achievement of increasingly more demanding
behaviors on the 10-level hand movements item and the
8-level hand activities item. This scoring system permits
clinicians and researchers to comply with the MAS’ intended
score range of 0-48 points [2] and/or the score range of 0-18
points for the upper limb subscale [20].
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TABLE 5: Behavioral criteria statistics for 10-behavior short form of hand movements item.
Dimensionality Item difficulty
Infit MnSq ZStd Outfit MnSq ZStd Measure (standard error)
Finger intrinsic against gravity 0.78 —-2.40 9.90 9.90 5.57 (0.21)
Timed thumb opposition 1.45 4.20 1.50 1.20 4.93(0.19)
Finger intrinsic gravity elim. 0.62 -4.50 9.90 9.90 4.32(0.19)
Wrist radial dev. against gravity 118 1.30 1.90 1.90 0.82(0.21)
Wrist radial dev. gravity elim. 0.92 -0.50 0.44 -1.30 —-0.92 (0.24)
Wrist extension against gravity 0.76 -1.80 0.36 -1.50 -1.75(0.25)
Finger extension against gravity 0.91 -0.60 0.37 -1.50 -1.96 (0.25)
Forearm supination 0.85 -1.0 0.28 -1.90 —2.40 (0.26)
Any thumb motion 1.04 0.30 0.56 -0.80 —-3.69 (0.30)
Finger flexion gravity elim. 0.99 0.00 0.61 -0.90 —4.91(0.39)
TABLE 6: Behavioral criteria statistics for short form of hand activities item.
Dimensionality Item difficulty
Infit MnSq ZStd Outfit MnSq ZStd Measure (standard error)
Timed horizontal line 1.02 0.20 0.91 -0.10 8.75 (0.34)
Timed dots 0.68 -2.00 0.32 -2.30 5.28 (0.25)
Horizontal line 0.78 -1.40 1.67 1.20 1.13 (0.25)
Place penny in cup 1.00 0.00 3.50 3.40 0.33 (0.25)
Pick up pencil 0.63 -3.10 0.23 -2.80 -1.19 (0.24)
Pick up penny (slide to edge) 0.72 -2.50 0.26 -2.50 —2.94(0.23)
Use remote control 0.96 -0.30 6.84 8.50 -3.97 (0.24)
Slide paper 1.27 1.00 9.90 9.90 -7.39 (0.39)
TABLE 7: Scoring the hand movements item. TABLE 8: Scoring the hand activities item.
Score Behavioral criterion Score Behavioral criterion
6.0 Finger intrinsic against gravity 6.0 Timed horizontal lines
5.4 Timed thumb opposition 5.25 Timed dots
4.8 Finger intrinsic gravity eliminated 4.50 Horizontal line
42 Wrist radial deviation against gravity 3.75 Place penny in cup
3.6 Wrist radial deviation gravity eliminated 3.00 Pick up pencil
3.0 Wrist extension against gravity 225 Pick up penny (slide to edge)
24 Finger extension against gravity 150 Use remote control
18 Forearm supination 0.75 Slide paper
1.2 Any thumb motion 0.00 Unable to perform any activity
0.6 Finger flexion gravity eliminated
0.0 Unable to perform any motion

4.4. Study Limitations and Recommendations. Although the
sample reflects a normal distribution of demographic vari-
ables, there is no way of knowing whether it reflects a
representative sample of motor abilities after stroke. Since the
final scale compositions were determined by removing and
adding items with the criteria of achieving unidimensionality
and a person separation of 2.0, the finalized scales need to be
tested on an independent sample to determine whether these
psychometric criteria are maintained.

For the hand movements item, future researchers might
also consider testing potential behavioral criteria that would
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allow for more precise assessment of people functioning at
higher levels than an ability to perform wrist radial deviation,
but not quite as proficient as being able to perform the finger
intrinsic motion of MCP flexion combined with IP extension.
Possible criteria might include timed sequences of finger

tapping.

5. Conclusions

The MAS uses a hierarchical scoring system that enables
rehabilitation therapists to efficiently assess a range of motor
abilities required for stroke survivors to function in daily
activities. The behavioral hierarchies for bed mobility, bal-
ance, sit-to-stand, and walking items are based on a logical
progression of abilities. The behavioral hierarchies for the
assessment of upper arm function have been tested and
validated [30, 32, 33]. However, the behavioral hierarchies for
scoring the hand items have been criticized for inaccuracies
in the postulated sequence of difficulty [3, 5, 30-33].
Following a multistep process of scale development,
refinement, and Rasch analysis, we have redesigned the two
hand items on the MAS. Our proposed hand movements and
hand activities items measure a unidimensional construct
and can reliably measure individuals with different levels of
ability. In addition, the hierarchical ordering of behaviors
proposed to score each item is supported by Rasch analysis.
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MAS: Motor assessment scale
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PIP: Proximal interphalangeal

Grav Elim: Gravity eliminated
Rad Dev: Radial deviation.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The authors gratefully acknowledge the occupational thera-
pists who collected data at Alexian Brothers Medical Center,
Bellevue Hospital Center, Cedars Sinai Medical Center, Johns
Hopkins Medical Center, Penrose Hospital, Portsmouth
Regional Hospital, St. Johns Hospital, and Winnipeg Health
Sciences Centre. They thank Ai Lian Lim, DPS, OTR/L
(Bellevue Hospital Center) and Vicky McKenna, and OTR/L
(Alexian Brothers Medical Center) for their additional con-
tributions. This research was supported by a grant from
the Metropolitan NY District of the NY State Occupational
Therapy Association.

References

[1] J. H. Carr, R. B. Shepherd, L. Nordholm, and D. Lynne, “Inves-
tigation of a new motor assessment scale for stroke patients,”
Physical Therapy, vol. 65, no. 2, pp. 175-180, 1985.

[2] K. Salter, J. Jutai, L. Zettler et al., “Outcome measures in
stroke rehabilitation,” in The Evidence-Based Review of Stroke
Rehabilitation (EBRSR), R. Teasell, Ed., chapter 21, 2012.

[3] J. L. Poole and S. L. Whitney, “Motor assessment scale for stroke
patients: concurrent validity and interrater reliability,” Archives
of Physical Medicine and Rehabilitation, vol. 69, no. 31, pp. 195-
197, 1988.

[4] I. P. Hsueh and C. L. Hsieh, “Responsiveness of two upper
extremity function instruments for stroke inpatients receiving
rehabilitation,” Clinical Rehabilitation, vol. 16, no. 6, pp. 617-624,
2002.

[5] E Malouin, L. Pichard, C. Bonneau, A. Durand, and D. Cor-
riveau, “Evaluating motor recovery early after stroke: compar-
ison of the Fugl-Meyer assessment and the motor assessment
scale,” Archives of Physical Medicine and Rehabilitation, vol. 75,
no. 11, pp. 1206-1212, 1994.

[6] C.L.Hsieh, I.-P. Hsueh, F.-M. Chiang, and P. H. Lin, “Inter-rater
reliability and validity of the Action Research arm test in stroke
patients,” Age and Ageing, vol. 27, no. 2, pp. 107-114, 1998.

[7] C. Dean and E Mackey, “Motor assessment scale scores as a
measure of rehabilitation outcome following stroke,” Australian
Journal of Physiotherapy, vol. 38, no. 1, pp. 31-35, 1992.

[8] B. Langhammer, J. K. Stanghelle, and B. Lindmark, “An eval-
uation of two different exercise regimes during the first year
following stroke: a randomised controlled trial,” Physiotherapy
Theory and Practice, vol. 25, no. 2, pp. 55-68, 2009.

[9] K. S. Hayward, R. N. Barker, S. G. Brauer, D. Lloyd, S. A.
Horsley, and R. G. Carson, “SMART arm with outcome-trig-
gered electrical stimulation: a pilot randomized clinical trial,”
Topics in Stroke Rehabilitation, vol. 20, no. 4, pp. 289-298, 2013.

[10] R.N.Barker, S. G. Brauer, and R. G. Carson, “Training of reach-
ing in stroke survivors with severe and chronic upper limb
paresis using a novel nonrobotic device: a randomized clinical
trial,” Stroke, vol. 39, no. 6, pp. 1800-1807, 2008.

[11] C. Colomer, A. Baldovi, S. Torromé et al, “Efficacy of
Armeo®Spring during the chronic phase of stroke. Study in
mild to moderate cases of hemiparesis,” Neurologia, vol. 28, no.
5, pp. 261-267, 2013.

[12] C. K. English, S. L. Hillier, K. R. Stiller, and A. Warden-Flood,
“Circuit class therapy versus individual physiotherapy sessions
during inpatient stroke rehabilitation: a controlled trial,” Arch-
ives of Physical Medicine and Rehabilitation, vol. 88, no. 8, pp.
955-963, 2007.

[13] A. M. Hammer and B. Lindmark, “Effects of forced use on arm
function in the subacute phase after stroke: a randomized, clin-
ical pilot study,” Physical Therapy, vol. 89, no. 6, pp. 526-539,
2009.

[14] P. H. Katrak, D. Black, and V. Peeva, “Stroke rehabilitation in
Australia in a freestanding inpatient rehabilitation unit com-
pared with a unit located in an acute care hospital,” PM&R, vol.
3, no. 8, pp. 716-722, 2011.

[15] J. H. Lee, S. B. Kim, K. W. Lee, and J. Y. Lee, “The effect of
prolonged inpatient rehabilitation therapy in subacute stroke
patients,” Annals of Rehabilitation Medicine, vol. 36, no. 1, pp.
16-21, 2012.

[16] S.G.Brauer, P.G.Bew, S. S. Kuys, M. R. Lynch, and G. Morrison,
“Prediction of discharge destination after stroke using the



10

(17]

(18]

(19]

(20]

[21]

(22]

(25]

(26]

(27]

(30]

motor assessment scale on admission: a prospective, multisite
study;” Archives of Physical Medicine and Rehabilitation, vol. 89,
no. 6, pp. 1061-1065, 2008.

K. H. Kong, J. Lee, and K. S. Chua, “Occurrence and temporal
evolution of upper limb spasticity in stroke patients admitted to
a rehabilitation unit,” Archives of Physical Medicine and Rehabi-
litation, vol. 93, no. 1, pp. 143-148, 2012.

L. K. Kwah, L. A. Harvey, J. Diong, and R. D. Herbert, “Models
containing age and NIHSS predict recovery of ambulation and
upper limb function six months after stroke: an observational
study;” Journal of Physiotherapy, vol. 59, no. 3, pp. 189-197, 2013.

S. L. Wolf, E. Lecraw, L. A. Barton, and B. B. Jann, “Forced
use of hemiplegic upper extremities to reverse the effect
of learned nonuse among chronic stroke and head-injured
patients,” Experimental Neurology, vol. 104, no. 2, pp. 125-132,
1989.

B. Kopp, A. Kunkel, H. Flor et al., “The arm motor ability test:
reliability, validity, and sensitivity to change of an instrument
for assessing disabilities in activities of daily living,” Archives of
Physical Medicine and Rehabilitation, vol. 78, no. 6, pp. 615-620,
1997.

R. C. Lyle, “A performance test for assessment of upper limb
function in physical rehabilitation treatment and research,”
International Journal of Rehabilitation Research, vol. 4, no. 4, pp.
483-492,1981.

P. W. Duncan, D. Wallace, S. M. Lai, D. Johnson, S. Embretson,
and L. J. Laster, “The stroke impact scale version 2.0: evaluation
of reliability, validity, and sensitivity to change,” Stroke, vol. 30,
no. 10, pp. 2131-2140, 1999.

G. Uswatte, E. Taub, D. Morris, K. Light, and P. A. Thompson,
“The motor activity log-28: assessing daily use of the hemi-
paretic arm after stroke,” Neurology, vol. 67, no. 7, pp. 1189-1194,
2006.

A. R. Fugl-Meyer, L. Jaasko, and I. Leyman, “The post stroke
hemiplegic patient. I. A method for evaluation of physical
performance,” Scandinavian Journal of Rehabilitation Medicine,
vol. 7, no. 1, pp. 13-31, 1975.

M. L. Woodbury, C. A. Velozo, L. G. Richards, P. W. Duncan, S.
Studenski, and S. Lai, “Dimensionality and construct validity of
the Fugl-Meyer Assessment of the upper extremity;” Archives of
Physical Medicine and Rehabilitation, vol. 88, no. 6, pp. 715-723,
2007.

J. A. Beebe and C. E. Lang, “Absence of a proximal to distal grad-
ient of motor deficits in the upper extremity early after stroke,”
Clinical Neurophysiology, vol. 119, no. 9, pp. 2074-2085, 2008.

J. A. Nugent, K. A. Schurr, and R. D. Adams, “A dose-response
relationship between amount of weight-bearing exercise and
walking outcome following cerebrovascular accident,” Archives
of Physical Medicine and Rehabilitation, vol. 75, no. 4, pp. 399-
402, 1994.

N. A. Lannin, “Reliability, validity and factor structure of the
upper limb subscale of the Motor Assessment Scale (UL-MAS)
in adults following stroke,” Disability and Rehabilitation, vol. 26,
no. 2, pp. 109-116, 2004.

A. Khan, C. Chien, and S. G. Brauer, “Rasch-based scoring
offered more precision in differentiating patient groups in mea-
suring upper limb function,” Journal of Clinical Epidemiology,
vol. 66, no. 6, pp. 681-687, 2013.

]. S. Sabari, A. L. Lim, C. A. Velozo, L. S. Lehman, O. Kieran, and
J. Lai, “Assessing arm and hand function after stroke: a valid-
ity test of the hierarchical scoring system used in the motor

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

Stroke Research and Treatment

assessment scale for stroke,” Archives of Physical Medicine and
Rehabilitation, vol. 86, no. 8, pp. 1609-1615, 2005.

G. Aamodt, A. Kjendahl, and R. Jahnsen, “Dimensionality and
scalability of the Motor Assessment Scale (MAS),” Disability and
Rehabilitation, vol. 28, no. 16, pp. 1007-1013, 2006.

K.J. Miller, A. L. Slade, J. F. Pallant, and M. P. Galea, “Evaluation
of the psychometric properties of the upper limb subscales of
the motor assessment scale using a Rasch analysis model,” Jour-
nal of Rehabilitation Medicine, vol. 42, no. 4, pp. 315-322, 2010.
R. L. Pickering, I. J. Hubbard, K. G. Baker, and M. W. Parsons,
“Assessment of the upper limb in acute stroke: the validity of
hierarchal scoring for the Motor Assessment Scale,” Australian
Occupational Therapy Journal, vol. 57, no. 3, pp. 174-182, 2010.
P. Raghavan, “The nature of hand motor impairment after stroke
and its treatment,” Current Treatment Options in Cardiovascular
Medicine, vol. 9, no. 3, pp. 221-228, 2007.

H. Hislop and J. Montgomery, Daniels and Worthinghams’s
Muscle Testing: Techniques of Manual Examinations, W. B.
Saunders, Philadelphia, Pa, USA, 8th edition, 2007.

D. A. Neumann, “Hand,” in Kinesiology of the Musculoskeletal
System: Foundations for Physical Rehabilitation, chapter 8, pp.
281-282, Mosby Elsevier, St. Louis, Mo, USA, 2nd edition, 2010.
J. M. Linacre, Winsteps rasch measurement computer program,
2006.

J. M. Linacre, A Users Guide to Winsteps and Ministeps Rasch-
Model Computer Programs, Chicago, Ill, USA, 2006, http://www
.winsteps.com/index.htm.

B. Wright and G. Masters, Rating Scale Analysis: Rasch Measure-
ment, MESA Press, Chicago, I, USA, 1982.

E. Taub, G. Uswatte, V. W. Mark, and D. M. Morris, “The learned
nonuse phenomenon: implications for rehabilitation,” Europa
Medicophysica, vol. 42, no. 3, pp. 241-256, 2006.

C. E. Han, S. Kim, S. Chen et al., “Quantifying arm nonuse in
individuals poststroke,” Neurorehabilitation and Neural Repair,
vol. 27, no. 5, pp. 439-447, 2013.


http://www.winsteps.com/index.htm
http://www.winsteps.com/index.htm

