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ABILHAND: A Rasch-Built Measure of Manual Ability

Massimo Penta, Ing, Jean-Louis Thonnard, PhD, Luigi Tesio, MD

ABSTRACT. Penta M, Thonnard J-L, Tesio L. ABILHAND:
a Rasch-built measure of manual ability. Arch Phys Med
Rehabil 1998;79:1038-42.

Objective: To apply the Rasch measurement model to the
development of a clinical tool for measuring manual (dis)ability
(ABILHAND).

Design: Manual ability was evaluated in terms of the
difficulty perceived by a hand-impaired patient on 57 represen-
tative unimanual or bimanual activities.

Setting: A clinical laboratory.

Patients: Eighteen rheumatoid arthritis patients (14 women,
4 men) were interviewed after wrist arthrodesis (10 right, 4 left,
and 4 both wrists). Their ages ranged from 38 to 77 years, time
since diagnosis ranged from 7 to 41 years, and time since
surgery ranged from 0.5 to 17 years.

Main Outcome Measure: ABILHAND, administered at a
mean duration of 7 years after arthrodesis.

Results: Forty-six of the 57 items define a common, single
manual ability continuum with widespread measurement range
and regular item distribution. Items relating to feeding, groom-
ing, and dressing upper body worked consistently with their
counterparts in other disability scales. More difficult items
extend the measurement range beyond that of most existing
manual ability scales.

Conclusion: Even in a small sample of patients, using the
Rasch methodology enabled the investigators to produce a
useful scale of manual (dis)ability and to define manual ability
as a unique construct, at least in patients with rheumatoid
arthritis.

© 1998 by the American Congress of Rehabilitation Medi-
cine and the American Academy of Physical Medicine and
Rehabilitation

UNCTIONAL INTEGRITY of the hand and upper limb is

essential for many activities, yet it is lost as a result of a
wide variety of impairments. Therefore, many tests have been
developed to assess either the functional losses of mobility, grip
strength, tactile sensitivity, and dexterity,"? or a patient’s ability
to execute manual activities.>!! The relation between impair-
ment (dysfunction at the organ/segment level) and disability
(dysfunction at the person level)'? is not straightforward. A
patient may adopt either intrinsic or adaptative recovery
mechanisms,'? the latter depending on the integrity of the
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unaffected organs/segments and on a complex interaction
between psychosocial (eg, motivation), cognitive (eg, memory,
attention, and space perception), and sensorimotor skills. Thus,
disability must be measured per se and not merely inferred from
the underlying impairments. Ability can be measured as the
capacity of a person as a whole to execute activities, scaled
along a continuous gradient of difficulty. But the question
remains: which activities should be selected, and how should
they be scored?

For standardization purposes, many existing manual ability
tests are built on artificial and/or mainly unimanual tasks.*7?
Moreover, the scoring criterion is generally restricted to the
observation of a patient’s performance in different activities
within an artificial, highly motivating clinical environment.
These considerations limit a test’s adequacy to evaluate cor-
rectly a patient’s performance in actual daily life activities.
Other limitations arise from tests developed for specific levels
of performance® but lacking sensitivity at higher levels (eg, in
the later stages of recovery). Also, in most existing manual
ability tests, raw ordinal scores are misused as measures,>*68911
when in fact they are merely ranks unsuited to conventional
arithmetic.*'3 Likewise, timed tests>”!0 are only ordinal in
nature, insofar as a patient being twice as fast as another is not
necessarily twice as able in performing the task.'®

The purpose of this study was to build a valid scale of manual
ability. We selected a sample of patients with wrist arthrodesis,
after rheumatoid arthritis (RA). In fact, these patients exhibited
homogeneous hand and upper limb impairments in the absence
of more general movement-disturbing impairments (eg, spastic-
ity, paresis, or ataxia). The Rasch model'”-'® appeared to be the
ideal framework to achieve a valid measurement scale.!> The
test was constructed as a self-estimation report to capture a
patient’s average feeling of difficulty in natural tasks.'” The
selected items are centered on high ability levels where patients
are functionally independent but still differ in their performance
of manual activities. Therefore, the performance criterion, not
the dependence criterion, was adopted for scoring.20

METHODS

Sample

The subjects were selected from among the 33 patients with
RA who underwent arthrodesis of one or both wrists in the past
25 years at a university clinic. The same surgeon performed the
surgery on all the patients. At the time of evaluation, one patient
had died, six had changed their address and could not be
located, and eight had difficulty moving and could not come to
the laboratory. The 18 remaining patients (4 men and 14
women) took part in the study. Their ages ranged from 38 to 77
years (mean 59). The patients were evaluated between 6.8 and
40.9 years (mean 16.9) after diagnosis of RA. At the time of
evaluation, none of the patients had an acute inflammatory
disease. All patients were right-handed; 10 had undergone the
arthrodesis on the right wrist, 4 on the left wrist, and 4 on both
wrists. The surgical procedure, derived from the Mannerfelt and
Malmsten operation for wrist fusion,?' fixed the wrist in slight
extension and ulnar deviation while maintaining pronation and
supination of the forearm. The patients were tested between 0.5
and 16.8 years (mean 7.1) after the arthrodesis.
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Instrument

The 57 items comprising the ABILHAND questionnaire
include both unimanual and bimanual activities, which explore
the most representative inventory of manual activities. Some
items were selected from existing scales; others were devised to
extend the range of activities explored by the questionnaire. To
obtain the greatest resolution in measuring manual ability, we
selected only items for which manual skills are vital for
successful performance. Patients were evaluated with the
French version of the questionnaire.

Procedures

The test was administered as a self-reported anamnestic
questionnaire. Patients were asked to estimate their ease or
difficulty in performing each activity, without technical or
human help, on a six-level rating scale where 0 = impossible, 1
= very difficult, 2 = difficult, 3 = fairly easy, 4 = easy,and 5 =
very easy. Patients were requested not to rate activities they had
never performed (these scores were recorded as missing in the
analysis). Patients were asked to use the whole scale range to
respond, and five training items were presented before the
actual test. The 57 items were then randomly presented via a
computer program, and each item was read by the examiner to
the patient. For both unilateral and bilateral activities, patients
were asked to give their response irrespective of the limb they
would actually use to perform the task. The response was then
entered into the computer by the examiner.

During the evaluations, patients reported some difficulty in
discriminating six response levels when answering the items.
This was confirmed by the very low probability for patients to
respond in the categories “very difficult” and “fairly easy.”
According to Linacre?? and Andrich,?® this indicates that a
threshold between the categories ‘“‘impossible” and ‘‘very
difficult” was not clearly identified; neither was it identified
between the categories “‘difficult” and “fairly easy.” This
suggests that the six-level rating scale offered more categories
than the patients were actually able to distinguish. Therefore,
the response categories “‘impossible” and ““very difficult” were
combined as “very difficult”; and the categories “difficult” and
“fairly easy” as “slightly difficult.” Hence, the four response
categories maintained became 0 = very difficult, 1 = slightly
difficult, 2 = easy, and 3 = very easy. The 57 items were
analyzed according to this response scale.

Data Analysis

The Rasch model: from raw scores to measures. The data
were analyzed with the BIGSTEPS Rasch analysis computer
program,® according to a rating scale model.’® The Rasch
model'” is a prescriptive, rather than descriptive model. It
requires that item difficulty and patient ability, only, determine
the probabilities of category choices when the patient and item
interact. From the matrix of response raw scores, the model
estimates a linear ability for each patient and a linear difficulty
for each item (item calibration). These measures are scaled
along a unidimensional continuum delineating the variable
purported to be measured by the items, and ranging from minus
to plus infinity. The model provides measures that are indepen-
dent of the particular sample of patients and items, giving rise to
a sample-free scale calibration and test-free measures. Measure-
ment units are usually expressed in logits, the logarithm of the
ratio of “‘pass” and ““fail” probabilities. Conventionally, a zero
measure is set at the average item difficulty. Raw scores
represent discontinuous levels, with unknown distances in
between. Furthermore, they cannot represent the same quantity
along the whole scale.!*!> Unavoidably, much wider levels of
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ability are compressed around the extremes of the finite raw
score scale. By contrast, the logit metric provides a true interval
(linear) unit, ie, it represents a fixed increment along the whole
scale of the explored variable. The Rasch model can analyze
dichotomous (yes/no) scores as well as polytomous (eg, no/mild/
moderate/severe) scores. These analyses do not require com-
plete data. Hence, missing data are not a problem.

Unidimensionality: the analysis of “fit.” Patient measures
and item calibrations are accompanied by standard errors
describing the range within which true patient abilities and item
difficulties are expected to lie. The analysis also provides fit
statistics indicating the extent to which the data meet the model
specification of unidimensionality. If items align along a single
continuum, one would expect patients of any ability level to
have better performance on easy items than on harder ones.
This implies a predicted scoring pattern for each patient on all
items (in our scale, a four-level choice was given for every
item). The closeness of the observed scores to the predicted
scoring pattern is expressed by two fit statistics: (1) the
outlier-sensitive fit statistic (Qutfit), which is sensitive to
unexpected behavior affecting responses to items far from a
patient’s ability level; and (2) the information-weighted fit
statistic (Infit), which is sensitive to unexpected behavior
affecting responses to items matching patient ability, and thus
most informative of the patient himself or herself. Moreover,
conventional point-biserial correlation coefficients (PtBis) are
computed for each item, indicating the extent to which patient
scores on an item correlate with patient scores on the whole test.

Reliability. Reliability is conventionally defined as the
consistency of scores obtained by the same patient (or item) on
different occasions, or by different evaluators on the same
occasion, or under different examining conditions. It is deter-
mined by variance across repeated testing, and computed as the
ratio between true measure variance and observed (true + error)
measure variance.? In Rasch theory, error measure variance is
directly computed from the measurement error accompanying
each patient ability and item difficulty estimates.!%26 Repeated
testing is not required to compute reliability. A useful related
index is separation, defined as the ratio between true spread of
the measures (as expressed by their standard deviation cor-
rected for measurement error) and measurement error.!8:26
Separation can be used to estimate the number of strata that are
significantly distinguished within the range of observed item
difficulties (item separation) and patient abilities (patient sepa-
ration).

RESULTS

ABILHAND Calibration

The analysis of the 57 ABILHAND items showed that some
of them fit the model poorly, as reported by Infit and/or Outfit
mean-squares. Both of these fit statistics are expected to
approach 1, with typical acceptable values between 0.6 and
1.4.27 High mean-squares indicate noisy response patterns,
whereas lower values represent a muted, overly orderly re-
sponse pattern. Of the original 57 items, 11 had either Infit or
Outfit mean-squares higher than 1.4. This suggests that these
items do not pertain to the same underlying domain as the other
46, and are therefore not useful for this measure of manual
ability. These items were deleted from subsequent analyses.
Items with low mean-squares are potentially redundant, but
were maintained in this preliminary analysis for the purpose of
further refinement.

The remaining 46 properly fitting items are presented in table
1 in order of decreasing difficulty (range: 3.8 to —3.7 logits).
Standard errors (SE) on these difficulties range from 0.4 to 0.8.
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Table 1: ABILHAND Items Calibrations and Fit of Data to the Rasch Model

Usually Difficulty SE Outfit Infit

ltems Bimanual (logits) {logits) {Mnsq) (Mnsq) PtBis

1. Screwing a nut on 3.8 0.5 0.8 0.8 0.7
2. Threading a needle X 3.2 0.5 1.1 1.1 0.4
3. Using a screwdriver 2.9 0.5 1.1 1.0 0.6
4. Hammering a nail X 2.7 0.5 14 1.4 0.8
5. Handling a stapler 2.5 0.7 1.4 1.3 0.5
6. Shelling hazel nuts X 2.5 0.8 0.3 0.3 0.9
7. Filing one’s nails 1.9 0.5 1.2 1.2 0.7
8. Tearing open a pack of chips X 1.8 0.5 1.1 1.1 0.6
9. Buttoning up trousers X 1.8 0.5 1.0 1.0 0.8
10. Fastening a snap (jacket, bag, etc.) X 1.6 0.4 1.7 1.7 0.4
11. Winding up a wristwatch 1.6 0.5 1.5 1.4 0.7
12. Drawing 15 0.7 11 1.1 0.7
13. Cutting meat X 1.4 0.4 1.2 1.2 0.7
14. Buttoning up a shirt X 14 0.4 1.5 1.5 0.4
15. Grasping a coin on a table 1.2 0.4 1.2 1.2 0.7
16. Turning a key in a keyhole 1.2 0.5 1.1 1.0 0.7
17. Taking a coin out of a pocket 0.8 0.4 11 1.1 0.7
18. Making pancake batter X 0.7 0.8 0.6 0.6 0.3
19. Typewriting X 0.7 0.8 0.3 0.3 1.0
20. Fastening the zipper of a jacket X 0.7 0.4 1.6 1.6 0.4
21. Peeling onions X 0.4 0.5 1.2 1.1 0.7
22. Counting bank notes X 0.2 0.6 1.2 1.2 0.7
23. Handling a 4-color ballpoint pen with one hand 0.0 0.7 1.0 1.0 0.8
24. Using a spoon -0.1 0.4 1.0 0.9 0.7
25. Pulling up the zipper of trousers X -0.1 0.5 1.1 1.1 0.9
26. Combing one's hair -0.3 0.6 1.2 1.2 0.8
27. Squeezing toothpaste on a toothbrush X -0.5 0.7 0.8 0.7 0.8
28. Inserting a diskette into a drive ~0.6 0.6 1.2 1.0 0.7
29. Picking up a can -0.7 04 0.6 1.1 0.7
30. Closing a door -0.9 0.5 1.2 1.2 0.5
31. Spreading butter on a slice of bread X -1.0 0.6 0.5 0.5 0.8
32. Brushing one’s hair -1.1 0.7 0.7 0.6 0.7
33. Brushing one’s teeth -1.1 0.6 1.3 1.1 0.7
34. Wrapping up gifts X ~-1.4 04 1.5 1.3 0.6
35. Washing one’s hands X ~1.4 0.4 0.9 0.8 0.7
36. Eating a sandwich -1.8 0.6 0.7 0.6 0.7
37. Dialing on a keypad phone -1.9 0.8 0.1 0.1 1.0
38. Placing a glass of water on a table -2.2 0.6 0.1 0.1 0.9
39. Unwrapping a chocolate bar X -2.2 0.5 0.7 0.7 0.6
40. Drinking a glass of water -23 0.5 04 0.4 0.8
4. Turning on a radio -25 0.5 0.6 0.5 0.6
42. Ringing a door bell -25 0.5 0.9 0.9 0.6
43. Washing one's face -2.5 0.6 0.2 0.2 0.8
44. Blowing one's nose -28 0.6 0.3 0.2 0.8
45, Turning on a lamp -2.9 0.5 0.9 0.7 0.6
486, Turning on a television set -3.7 0.5 1.0 1.0 0.3
Mean 0.0 0.5 0.9 0.9 0.7
SD 1.9 0.1 0.4 0.4 0.2

This 46-item set fits the model unidimensionality specification,
and their fit mean-squares globally approximate the expected
unitary value. This indicates that within this preliminary
calibration, these items contribute to the definition of a single
underlying ability construct. Further support is provided by all
PtBis being positive (minimum 0.3).

Patient abilities and item difficulties are mapped in figure 1.
In Rasch measurement, patient measures and item difficulties
are calibrated along the same scale—the measure of the
underlying ability, which is represented vertically on the graph.
The figure shows the useful range covered by ABILHAND
when considering the ability required to answer in all four
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response categories (very difficult to very easy) to all items. In
the column labeled Mean, each item is plotted at its mean
difficulty as listed in table 1. In the column labeled Step 1, each
item is plotted at the ability level corresponding to an expected
score of 0.5 on the response scale. In the column labeled Step 3,
each item is plotted at the ability level corresponding to an
expected score of 2.5 on the response scale. Thus, the useful
range of the questionnaire completely overlaps our 18 patient
measures, indicating that item difficulties cover the patient
abilities in the sample tested.

The relationship between ordinal raw scores on the question-
naire and the corresponding interval ABILHAND measure is
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Fig 1. Map of patient abilities and item difficulties along the
ABILHAND scale. In the left column each “o” represents one patient
(bold for bilaterally operated) along the ability axis going from less
able (bottom) to more able (top). On the right side, each item is
represented three times by an “’x.” In the column labeled Mean, each
item is plotted at its mean difficuity (bold symbols for bimanual
activities) on the axis of the underlying variable going from easier
(bottom) to harder items (top). In the column labeled Step 1, each
item is plotted at the ability level corresponding to the transition
from a score of 0 (very difficult) to 1 (slightly difficult) on the rating
scale, indicating the lowest difficulty level of each item. In the
column labeled Step 3, each item is plotted at the ability level
corresponding to the transition from a score of 2 (easy) to 3 {very
easy), indicating the highest difficulty of each item.

plotted in figure 2. The ogival relationship indicates that the raw
scale is approximately linear between 45 and 95, within the 0 to
138 potential range. Outside this central range, however, each
score point corresponds to an increasing amount of ability. The
95% confidence interval shows the minimum statistical differ-
ence between scores required to represent different levels of
ability. Within this preliminary calibration, this minimum
difference is about 16 score points in the central part of the
scale, ranging from O to 138.
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ABILHAND measure (logits)

Fig 2. Ogival relationship between finite raw scores (range: 0 to 138)
on the ordinate and the infinite ABILHAND measure {—8/+8 logits
range plotted} on the abscissa. The dotted lines indicate the 95%
confidence interval.
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Reliability

The hierarchical structure of the test, expressed by item
separation, indicates that items are distributed into 4.3 difficulty
strata, leading to an item separation reliability of .90. On the
other hand, patient reliability equals .96, indicating that 6.9
statistically different levels of ability can be distinguished in
this sample.?

DISCUSSION

The ABILHAND items were selected to explore a range of
manual activities and to define a common underlying trait of
manual ability. Items could be perceived as difficult if they
required remarkable sensorimotor function, like grip strength or
dexterity (eg, items 1, 9, and 11), implied a heavy mental effort
(eg, items 12 and 19), were tiring (eg, items 13 and 22), or
involved risk of breakage (eg, item 38). In spite of these
potential idiosyncrasies in item content and perceived difficulty,
all 46 items fit the model within this preliminary calibration,
and therefore contribute their own information to the measure-
ment of a common ability continuum in the sample tested.
Patients made up a highly selected, homogeneous sample,
presenting quite a rare condition. Despite the low number of
patients, the Rasch method allowed an effective refinement of
the scale by driving the process of collapsing categories and
verifying scale unidimensionality. This version of ABILHAND
seems to be a good starting point for further refinements based
on more powerful analyses of more frequent impairments (eg,
stroke patients).

The Rasch-derived scale is consistent with clinical experi-
ence. For instance, Tennant and associates®® report that for the
Stanford Health Assessment Questionnaire (HAQ),2>3¢ the item
“lifting a full cup or glass to the mouth” is the easiest one for
patients with RA. Similarly in our questionnaire, “drinking a
glass of water” and “placing a glass of water on a table” are
among the easiest items. Six items in our questionnaire are still
easier, but none of them are included in the HAQ. Furthermore,
Heinemann and colleagues’! showed that the Functional Inde-
pendence Measure item “feeding” requires less ability than
“grooming,” which in tumn is easier than “dressing upper
body”" for patients with RA. Similarly, when regrouping items
relating to feeding (ie, items 13, 24, 29, 31, 36, 38, and 40),
grooming (ie, items 7, 26, 27, 32, 33, 35, and 43), and dressing
the upper body (ie, items 10, 14, and 20) in the ABILHAND, we
observe that the mean difficulties equal —.94, —.71, and 1.23
logits, respectively, indicating that the same hierarchy is
reproduced. This also reinforces the comparability between an
examiner’s standardized rating as implemented in the FIM and
the self-estimation by a patient as in the ABILHAND. 1932

In addition, ABILHAND includes items that were found to
be quite difficult for our sample, and related to classic “ex-
tended” activities of daily living, such as cooking, office work,
and handiwork. This extension of the measurement range
beyond the basic activities of daily living is desirable in
following patients in their lives or job environments.

ABILHAND also confirms that the Rasch method can
provide clinicians with powerful help in developing and
validating measurement scales.
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