
1

Key Words: daily activity; Rasch analysis; scale; stroke; upper extremity

INTRODUCTION

The major purpose of improving affected upper extremity 
function in stroke rehabilitation is to allow practical use of 
the affected arm in daily activities. Recently, many train-
ing methods, e.g., constraint-induced movement therapy,1) 
robot therapy,2) and mirror therapy,3) have been conducted 
in patients with stroke to rehabilitate the affected arm. Other 
strategies have also been developed to make the affected arm 

usable for daily living.4)

To date, the Barthel Index5) and the Functional Indepen-
dence Measure (FIM)6) have been developed as measures 
for assessing activities of daily living (ADL); however, 
these scales evaluate the degree of independence of daily 
activities in general and not the activities performable with 
the affected arm after stroke. A systematic review identified 
the Leeds Adult Spasticity Impact Scale (LASIS), the Motor 
Activity Log (MAL), and ABILHAND as measures reported 
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Objectives: There are few scales that reflect the function of the stroke-affected arm as it relates to 
the performance of daily activities while also indicating the difficulty of scale items. In this study, 
we developed the Activities Specific Upper-extremity Hemiparesis Scale (ASUHS) to evaluate 
daily activities performable by the affected arm after stroke. We also clarified the validity, reli-
ability, and item difficulty of the scale. Methods: The participants were 145 patients with stroke 
who were consecutively admitted to a convalescent rehabilitation ward. The unidimensionality 
of ASUHS was assessed by principal component analysis. Analyses of item discrimination and 
content validity were conducted to assess the overall validity. Reliability was evaluated by as-
sessing internal consistency and inter-rater reliability. Item difficulties were determined by Rasch 
analysis. Results: Unidimensionality, high discrimination, and good content validity were shown 
for all items. ASUHS consists of a dominant hand scale and non-dominant hand scale. Both scales 
showed good internal consistency (Cronbach’s α coefficient = 0.99) and substantial inter-rater reli-
ability (Cohen’s Kappa coefficient = 0.74 and 0.75, respectively). Item difficulty was determined 
as being in the range –8.71 to +5.18 logit. Conclusions: This study suggested good validity and 
reliability of ASUHS. Furthermore, because the item difficulties of daily activities performed by 
the affected arm were clarified, therapists can use ASUHS to identify the process that should be 
the next focus for training. Consequently, therapists may be able to train patients in daily activi-
ties that match the affected arm’s ability step by step rather than determining training activities 
empirically.
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to evaluate real-life function or actual performance in the 
affected arm of stroke patients.7) LASIS evaluates the ability 
to hold and stabilize objects with the affected arm.8) MAL is 
used to evaluate the amount of use and the quality of move-
ment of an arm in some daily activities via a self-completed 
form.9) ABILHAND contains several items for assessing 
active unilateral and bimanual function.10) Furthermore, 
Fugl-Meyer assessment, which is often used to evaluate arm 
dysfunction,11) is based on the recovery process of hemiple-
gia after stroke reported by Brunnstrom.12) However, these 
assessment scales evaluate only dysfunction or a limited set 
of daily activities; no scale is currently available to evaluate 
many of the general daily activities that are performed in 
real life. Although MAL and ABILHAND evaluate whether 
daily activities are performable, they do not allow detailed 
evaluation of which particular process in these activities is 
difficult. The difficulty level of some daily activities has been 
clarified in ABILHAND,10) but overall, the difficulty level 
and specific processes remain unclear. Training of appropri-
ate difficulty is important in rehabilitation,13) and appropriate 
difficulty is also important when setting goals.14) Moreover, 
training differs depending on the therapist’s experience.15) 
These considerations also apply to training and goal set-
ting in daily activities performed by the affected arm in 
stroke patients. It is difficult to determine which processes 
within daily activities should be the next focus for training 
because it is challenging for therapists to know the level of 
difficulty of the daily activities performed with the affected 
arm; consequently, they have to select practice programs and 
goals empirically. Therefore, we considered that developing 
a scale to evaluate the specific processes of daily activities 
performed with the stroke-affected arm and knowing their 
difficulty levels would contribute to effective training and 
goal setting for stroke patients.

The purposes of this study were to develop the Activi-
ties Specific Upper-extremity Hemiparesis Scale (ASUHS) 
for evaluating the activities performable by stroke-affected 
arms; to assess its internal consistency, inter-rater reliability, 
item discrimination, and content validity; and to clarify 
the difficulty of items in the daily activities evaluated by 
ASUHS.

METHODS

Item Generation
Questionnaire Construction. ASUHS was designed to 

measure upper extremity activity outcomes of rehabilitation 
services provided to inpatients with post-stroke hemiparesis. 

The Consensus-based Standards for the Selection of Health 
Measurement Instruments (COSMIN) checklist provides 
criteria for evaluating the statistical method, internal consis-
tency, reliability, and content validity of health status mea-
surement instruments. These design criteria were addressed 
in the present study.16,17) Scale development includes four 
phases: (1) item generation, (2) item reduction and validity, 
(3) reliability, and (4) hierarchies of item difficulties.18,19)

Item Generation. In creating the ASUHS items, 33 pre-
viously developed scales that focus on the measurement of 
motor paralysis of stroke patients, e.g., MAL and ABIL-
HAND, and ADL and instrumental ADL scales such as the 
Barthel Index, FIM, and Lawton scale20) were considered. 
Based on these 33 scales, 46 items relating to upper extrem-
ity activities were extracted; excluded were those items not 
implemented because of seasonal, gender, or cultural differ-
ences. Furthermore, the preliminary items of ASUHS were 
created from these 46 items by combining the overlapping 
items and dividing all items into sub-steps. The preliminary 
items evaluate the activities performed by the dominant hand 
(251 items) or non-dominant hand (175 items) in patients 
with post-stroke hemiparesis. When the dominant hand is 
paralyzed, the actions mainly performed by the dominant 
hand are evaluated, and when the non-dominant hand is par-
alyzed, the actions performed by the non-dominant hand are 
evaluated. However, unlike some other measures, ASUHS 
includes activities requiring the use of both hands, such as 
manipulating buttons. Consequently, ASUHS evaluates the 
use of the affected arm in bilateral hand movements. The 
preliminary items of ASUHS were broken down into three 
categories with increasing levels of specificity: Category A 
consisted of items relating to ADL and instrumental ADL 
with reference to the FIM6) and Frenchay Activities Index.21) 
Category B consisted of the items of ADL and instrumental 
ADL in category A divided into units for each activity with 
reference to scales such as MAL; ABILHAND; and the Dis-
abilities of the Arm, Shoulder and Hand.22) Furthermore, cat-
egory C consisted of the activities of category B divided into 
four specific processes (Fig. 1). Although there were many 
items, the activities evaluated were different. Each category 
C item was scored by assigning points to each response ac-
cording to the following four levels: 1 point (not attempted 
with the affected arm), 2 points (affected arm partially used 
for the activity), 3 points (affected arm used for the activity 
but is slow or inaccurate), and 4 points (arm movement ap-
pears to be normal).

Implementation of ASUHS. All ADL and instrumental 
ADL activities were evaluated in the occupational therapy 
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department. Therapists scored all these activities through 
observation. Although not necessarily applicable to all items, 
actions that were clearly difficult to perform and actions that 
could be performed with no difficulty were not carried out, 
and 1 point and 4 points were respectively assigned to these 
tasks. For example, if it is difficult for the subject to hold a 
spoon for “spoon operation” in category B, then “pretending 
to scoop food using a spoon” and “scooping up a 1-cm block 
using a spoon” in category C would clearly also be difficult. 
Therefore, the other items under “spoon operation” would 
not be assessed and would be assigned 1 point. In the present 
study, the assessment of all ASUHS items took about 30–60 
min to complete. However, in actual clinical use, the ASUHS 
has the advantage of it being acceptable to assess only se-
lected category B items, in which case the time to complete 
the assessment is approximately 5 min. Because ASUHS 
includes many daily activities and processes, it is possible 

to know which processes are performable and how much 
of each process is performable with respect to overall daily 
activities. Further, because ASUHS indicates the difficulty 
level of each item, it is easier for patients and therapists to 
understand the daily activities that patients should be capable 
of doing next. Therefore, therapists can set daily activities 
that patients should be able to perform next as goals and can 
provide the activities as training tasks. As a result, ASUHS 
facilitates goal setting and the provision of practice pro-
grams according to the functional level of the affected arm 
and not to goals and practice programs empirically selected 
by therapists.

Item Reduction and Validity
Sample and Data Collection. The participants were 

145 inpatients with stroke consecutively admitted to a 
convalescent rehabilitation ward between April 2015 and 
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Fig. 1. The preliminary items of ASUHS. Category A consists of items relating to activities of daily living (ADL) and in-
strumental activities of daily living (IADL). Category B consists of Category A items subdivided into more detailed items, 
and category C consists of category B items subdivided into more detailed items. 
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August 2019. The inclusion criteria were right-handed pa-
tients with their first-ever stroke who were hospitalized in 
a convalescent rehabilitation ward. Stroke was diagnosed 
according to the World Health Organization definition.23) 
Patients had unilateral upper extremity hemiplegia/paresis. 
Moreover, only right-handed people were targeted because 
some left-handed people sometimes mainly use their right 
hand, depending on the activity. The exclusion criteria were 
patients with severe aphasia, apraxia, and dementia (<10 of 
30 on the Mini-Mental State Examination)24) who could not 
follow directions; patients with unilateral spatial neglect (<6 
of 9 on the Behavioural Inattention Test)25); patients with 
balance disorder preventing them from sitting for more than 
30 min; patients with intense pain caused by the affected up-
per extremity; and patients who could not be moved due to 
complex regional pain syndrome or fractures. Four occupa-
tional therapists with an average experience of 6.5 ± 1.7 years 
were registered as evaluators of ASUHS. Furthermore, they 
conducted an observational evaluation after being taught the 
ASUHS evaluation method.

Unidimensionality. Rasch analysis was used to develop 
ASUHS. Rasch analysis statistically manipulates ordinal 
data to create a linear measure on an interval scale, and the 
units of measurement have equal intervals along the scale 
to account for the magnitude of change.26) Because Rasch 
analysis requires that a single construct be measured, the 
unidimensionality of ASUHS was assessed a priori by prin-
cipal component analysis (PCA).22,27) In PCA, selection of 
the number of factors is based on established rules: eigenval-
ues (ε) >1, the scree test, and the percentage of the common 
variance explained by the different components.22)

Rasch Analysis. Rasch analysis yields an infit mean square 
(MnSq) accompanied by a standardized Z-score (Zstd), 
which indicates significance.28) Fit statistics are interpreted 
to indicate whether an item belongs to the underlying dimen-
sion representing the construct and whether the measure 
obtained for a person is valid. According to previous studies, 
items in the present study with infit MnSq values of ≥1.4 and 
Zstd values of ≥2.0 were deleted as misfits.26,28–30) After each 
misfit item was deleted, Rasch analysis was reconducted 
until all items fitted the criteria of infit MnSq and Zstd.

Discrimination. Item discrimination describes how well 
items discriminate between test-takers. When a floor or 
ceiling effect is present, the affected ASUHS items will 
have poor discrimination ability. Items with discrimination 
parameters <0.5 were deleted as poor items.31)

Content Validity. Five stroke rehabilitation experts with 
a mean experience of 10.4 ± 6.1 years reviewed the items 

for content validity. They confirmed whether the category C 
items reflected the daily activities or function of the affected 
arm of patients with stroke by answering the following ques-
tions. Can the scale evaluate the daily activities? Does the 
scale reflect the function of the affected arm? Can the scale 
be useful in clinical assessment or practice? Is the scale easy 
to evaluate? Can the scale evaluate the effectiveness of reha-
bilitation interventions? The experts scored each item on a 
five-point scale: from 1 (not appropriate) to 5 (appropriate). 
Next, the items were revised or deleted until all items scored 
a perfect 5 points; finally, the items were decided with the 
agreement of all five experts. Furthermore, to divide ASUHS 
into two scales – one for dominant hand paralysis and one 
for non-dominant hand paralysis – when reviewing the 
items for content validity, the subjects were divided into two 
groups: those with dominant hand paralysis and those with 
non-dominant hand paralysis. Differences in categorical 
variables were analyzed by χ2 test, and differences in ordinal 
variables were analyzed by Mann-Whitney U test.

Reliability
Internal Consistency. The internal consistency reliability 

was assessed using Cronbach’s α coefficient, which sum-
marizes the inter-item correlations among all items and 
category B items in a scale.

Inter-rater Reliability. In evaluating the inter-rater reliabil-
ity, patients were assessed twice by two different occupation-
al therapists within a 3-day period to minimize any change 
in function. The concordance between the two therapists was 
quantified by Cohen’s Kappa coefficients.32) Reliability was 
considered almost perfect if the coefficients were between 
0.81 and 1.00, substantial if the values were between 0.61 and 
0.80, moderate if between 0.41 and 0.60, fair if between 0.21 
and 0.40, and slight if between 0 and 0.20.33)

Hierarchies of Item Difficulties. Rasch analysis was also 
used to determine hierarchies and ranges of item difficulties 
in ASUHS. In Rasch analysis, a “logit” is the natural log-
odds of the difficulty level of a particular item in relation to 
all other items in the scale; consequently, it expresses the 
level of item difficulty on the scale. This analysis places both 
the items and the subjects into two parallel hierarchies.18)

Statistical Analysis
The statistical method, internal consistency, reliability, and 

content validity of the scale were evaluated according to the 
COSMIN checklist. Analyses of PCA results, comparisons 
between two groups, internal consistency, and inter-rater 
reliability were completed using the IBM Statistical Pack-
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age for Social Science (SPSS), version 26.0. A P value <0.05 
was considered statistically significant. Rasch analysis was 
performed using Rasch model software WINSTEPS version 
3.91.0. Item discrimination was estimated using IRTPRO 
version 4.2, which analyzes the two-parameter model of item 
response theory.

Ethics
Ethical approval was obtained from Tamakyuryo Hospital, 

Japan (No. 29-2), prior to the start of the study, and written 
informed consent was obtained from all participants.

RESULTS

Item Reduction and Validity
Study Participation. Of the 512 patients screened for 

eligibility, 145 underwent evaluation (Fig. 2). Patient char-
acteristics are given in Table 1.

Unidimensionality. PCA was conducted to confirm the 
unidimensionality of ASUHS. The first factor of ASUHS 
had an eigenvalue (amount of variation in the total sample 
accounted for by that factor) of 227.6, which explained 90.7% 
of the total variance of the score. The unidimensionality of 

the scale was found to be strong as a result of the substantial 
differences between the first and the second factors because 
the eigenvalue of the second factor of ASUHS was 5.9. 
First factor loading for each item of ASUHS was as high as 
0.75–0.99. The unidimensionality of ASUHS was therefore 
confirmed by PCA.

Rasch Analysis. Among the 145 participants, 24 of 251 
category C items did not fit the Rasch model because their 
infit MnSq exceeded 1.4 and their Zstd values exceeded 2.0. 
Examples of these items were “Holding a cup on the table,” 
“Holding a spoon,” “Holding a hair dryer,” “Picking up a 
1.5-cm marble with chopsticks and carrying it to the mouth,” 
“Writing your name on 10-mm graph paper,” and “Hanging 
a bath towel on an overhead pole with both hands”; conse-
quently, these items were excluded from ASUHS.

Discrimination. All 227 remaining items in ASUHS 
showed acceptable discrimination parameters (>0.5).

Content Validity. The ASUHS items were revised based 
on feedback from the five stroke rehabilitation experts. In 
particular, items representing activities performed less fre-
quently in daily life and those similar to other items, e.g., 
“Pressing the button of the washing machine,” “Putting body 
soap on a towel and lathering,” “Pinching a clothespin to 
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Fig. 2. Schematic of the patient selection process. We enrolled 512 stroke patients with hemiparesis affecting either the 
dominant or non-dominant hand who were admitted to a convalescent rehabilitation ward. Of these 512 patients, 145 
patients finally participated in the study according to the inclusion and exclusion criteria.
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open and close it,” and “Wringing out a cloth,” were deleted. 
Each category B item in ASUHS was structured to contain 
four category C items. For example, category B item “using a 
rice bowl” was divided into four items in category C: “hold-
ing a rice bowl on the table,” “lifting a rice bowl in the air,” 
“holding a rice bowl at chest height,” and “carrying a rice 
bowl to the mouth.” After revisions, ASUHS was reduced 
to 168 items. Furthermore, two ASUHS scales were created: 
one scale consisted of 168 items performed by the affected 
dominant hand (ASUHS Dominant hand scale; ASUHS-D), 
and the other scale consisted of a subset of 116 of the overall 
168 items performed by the affected non-dominant hand 
(ASUHS Non-Dominant hand scale; ASUHS-ND) (see Ap-
pendix). There were no significant differences between the 
dominant and non-dominant hand paralysis groups except 
for the time after stroke (Table 1). The five experts made 
positive comments regarding the relevance and comprehen-
siveness of the scale, suggesting the validity of the content.

Reliability
Internal Consistency. Cronbach’s α coefficient was 0.99 for 

both ASUHS-D and ASUHS-ND. Furthermore, in ASUHS-
D, Cronbach’s α for each category B item (42 categories) 
ranged from 0.96 to 0.99, and in ASUHS-ND, Cronbach’s 
α for each category B item (29 categories) ranged from 0.95 
to 0.99.

Inter-rater Reliability. Subjects were randomly selected, 
and inter-rater reliability was assessed in 8 of 78 participants 
for ASUHS-D and 7 of 67 participants for ASUHS-ND. 
Regarding assessment of the characteristics of the subjects, 
Fugl-Meyer assessment was 40.1 ± 21.8 and 41.3 ± 18.9 and 
that of ASUHS was 2.4 ± 1.0 for ASUHS-D and 2.1 ± 1.0 
for ASUHS-ND. Cohen’s Kappa coefficients were 0.74 for 
ASUHS-D and 0.75 for ASUHS-ND, indicating good inter-

rater reliability for both scales.
Hierarchies of Item Difficulties. The item calibrations in 

the Rasch analysis of ASUHS ranged from +5.18 logit for 
the most difficult item (brushing teeth) to –8.71 logit for the 
least difficult item (holding a plastic bottle). Rasch analysis 
places item difficulty and person ability along the linear 
continuum of the logit scale.34) A person–item map display-
ing the ASUHS item difficulty and the subjects’ ability is 
shown in Fig. 3. The mean value of item difficulty is located 
at 0 logit on the person–item map. The mean value of person 
ability in terms of ASUHS was located at –1.57 logit on the 
person–item map.

DISCUSSION

ASUHS Verification
ASUHS showed unidimensionality by PCA and high 

compatibility with the Rasch model by Rasch analysis. 
High discrimination and content validity were shown for all 
items, and the objectivity of the results of ASUHS-D and 
ASUHS-ND was sufficient. Furthermore, the 168 items of 
ASUHS-D and the 116 items of ASUHS-ND showed good 
internal consistency. The Kappa coefficients for inter-rater 
reliability of ASUHS-D and ASUHS-ND were 0.74 and 0.75, 
respectively, indicating that high reliability was obtained 
with “substantial agreement.”33) These results supported the 
clinical use of ASUHS in patients with stroke. However, the 
inter-rater reliability of ASUHS was lower than that obtained 
in patients with stroke using well-established clinical scales 
for the upper limb [Fugl-Meyer assessment: intraclass corre-
lation coefficient (ICC) = 0.99,35) Action Research Arm Test: 
ICC = 0.9936)]. The Kappa coefficient should be increased by 
the provision of an instruction manual that clearly describes 
the evaluation criteria for each item.
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Table 1. Clinical characteristics of the participants

Characteristic All participants 
(n = 145)

Dominant hand  
paralysis (n = 78)

Non-dominant hand 
paralysis (n = 67)

P Value

Age, years 68.5±12.8 69.3±12.7 65.4±15.0 0.391
Gender, male 86 (59.3) 51 (65.4) 35 (52.2) 0.108
Time after stroke, days 60.0±30.3 54.3±29.6 66.8±29.9 0.001
Ischemic stroke 94 (64.8) 52 (66.7) 42 (62.7) 0.617
Fugl-Meyer assessment 40.0±22.2 40.8±23.2 39.0±21.1 0.285
Mini-Mental State Examination 24.7±4.1 25.7±4.0 23.9±4.1 0.083
Functional Independence Measure 85.1±27.1 84.6±27.9 85.9±26.2 0.850
Activities Specific Upper-extremity 
Hemiparesis Scale 2.4±1.1 2.5±1.2 2.3±1.1 0.319
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ASUHS Items
In the Rasch analysis, 24 of 251 category C items that 

did not fit the Rasch model were excluded. Those excluded 
tended to be items with a very low difficulty, such as “Hold-
ing a cup on the table,” “Holding a spoon,” and “Holding 

a hair dryer,” or items with a very high difficulty, such as 
“Picking up a 1.5-cm marble with chopsticks and carrying it 
to the mouth,” “Writing your name on 10-mm graph paper,” 
and “Hanging a bath towel on an overhead pole with both 
hands.” According to systematic reviews, MAL is often used 
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Fig. 3. Person–item map of ASUHS. Persons are to the left of the vertical “– + – +” line, and the item difficulty map is to 
the right of the line. Item numbers listed here correspond to the item numbers shown in the Appendix. X, two people; #, one 
person; S, one standard deviation from the mean; T, two standard deviations from the mean; M, mean.
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to evaluate daily activities performed by the affected arm of 
patients with stroke.7,9,10) MAL evaluates daily activities in 
30 categories, whereas ASUHS evaluates daily activities in 
42 categories. Although MAL evaluates the degree of perfor-
mance of the daily activities themselves, therapists have dif-
ficulty in determining which process in the activities might 
be causing difficulty. ABILHAND indicates the difficulty of 
23 daily activities by Rasch analysis and can compare the 
difficulties. In contrast, ASUHS divides each activity into 
four concrete processes and shows the difficulty of each pro-
cess. With ASUHS, the concrete steps that are difficult for 
a patient when attempting an intended daily activity can be 
clarified, and therapists can identify the process that should 
be the next focus for training. Although ASUHS contains 
many items (with some not being performed, depending on 
the subject’s ability), it took about 30–60 min to perform all 
items in ASUHS. Although it is acceptable to assess only 
subcategories of ASUHS, further research based on item 
response theory is required to enable estimation of the train-
ing content according to the patient’s upper limb function 
and ability of activities of daily living even when selectively 
performing assessment items. We will conduct a future 
study in which the abilities of the subjects and the process 
of the daily activities that should be the next focus for train-
ing can be understood by performing a few selected items, 
rather than all items. ASUHS includes activities that differ 
depending on culture. For example, “holding a rice bowl in 
the air” is a typical task performed in Japan that may not 
generally be done elsewhere. Few items with such cultural 
specificity are evaluable with the existing scales. Therefore, 
one strength of ASUHS is that it includes items related to 
cultural differences that are difficult to evaluate with existing 
scales. However, differences in cultural behaviors limit the 
generalization of ASUHS to other cultures. Therefore, when 
using ASUHS, activities that are not performed in a certain 
culture should not be evaluated.

Item Difficulty and Person Ability
Rasch analysis places items and persons along the same 

linear continuum: if no items are located in the vicinity of 
the persons’ level of ability or if important gaps exist be-
tween the items’ difficulty levels, the ability of these patients 
cannot be estimated with precision.22) Item difficulty level in 
ASUHS ranged from –8.71 to +5.18 logit, and no important 
gaps existed between the items’ difficulty levels (Fig. 3). 
Therefore, the ability of patients can be estimated with preci-
sion using ASUHS. Furthermore, if the distribution ranges 
of an individual attribute and item difficulty are similar, item 

difficulty can be considered adequate.37) Figure 3 shows 
that the range of distribution of a person’s ability level was 
wider than that of the item difficulty distribution; the reason 
for this was that subjects who could not move the affected 
arm at all and those with little paresis were both included. 
Ceiling effects and floor effects were therefore found in the 
present study. Consequently, in the future, the functional 
level of affected arms that are evaluable using ASUHS must 
be clarified by investigating the range of Fugl-Meyer scores 
of subjects evaluable by ASUHS.

Item Difficulty Hierarchies
In ASUHS, the most difficult item to perform with the 

dominant hand was “brushing the teeth,” and the next most 
difficult item was “wiping the bottom with toilet paper.” In 
contrast, the most difficult activities for the non-dominant 
hand were “washing the head” and then “washing the face 
with water held in both hands.” Although there were differ-
ences in the activities performed between the dominant and 
non-dominant hands, items with a high level of difficulty 
were common in operations of the arm in the upper space 
higher than chest level and in movement using multiple 
joints. The items with the least difficulty were “holding a 
plastic bottle” followed by “holding a rice bowl on a table.” 
Items with less difficulty were common to the behavior of 
grasping something and to movement performed on a desk 
or in a low position. Because upward elevation of the arm and 
separation movement accompanied by multi-joint movement 
appear later in the recovery process of motor paresis after 
stroke,11) these actions have a high degree of difficulty. In 
the fingers, flexion movement often appears before extension 
movement, and all-finger flexion appears before separation 
movements of the individual fingers such as pinching.12) 
Therefore, grasping something with all fingers flexed is con-
sidered to be an item with less difficulty. The above findings 
suggested that the range of item difficulties of ASUHS was 
appropriate. Subjects with severe cognitive impairment who 
could not follow directions were excluded, but subjects with 
mild and moderate cognitive impairments, such as inatten-
tion, aphasia, and apraxia, were not excluded. In addition to 
motor function, mild and moderate cognitive impairment, 
aphasia, and apraxia may affect the performance of the daily 
activities performed with the affected arm. Because these ef-
fects were not completely eliminated in this study, additional 
research is required.

The existing scales used to evaluate affected arm function 
in stroke patients have difficulty in indicating the process of 
a daily activity that should be targeted next. However, with 
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ASUHS, the specific process of a daily activity that should 
be able to be performed next is clarified for both patients and 
therapists because ASUHS clarifies the difficulty level of the 
daily activities performed by the affected arm. For example, 
if a patient performs “Lifting a plastic bottle without water 
in the air (–4.58 logit),” the next step should be to perform 
“Lifting a cup without water in the air (–4.58 logit),” with 
the same difficulty level or to begin training for the next 
goal at the next highest difficulty level, e.g., “Wetting hands 
with running water (–3.99 logit)” or “Holding the handle of a 
kettle (–3.92 logit).” 

Clinical Implications of the ASUHS Scale
In rehabilitation, using an appropriate difficulty level is 

important when selecting a training program and setting 
goals.13,14) However, it is difficult to determine which pro-
cesses within daily activities should be the next focus for 
training because it is challenging for therapists to know the 
difficulty of the daily activities performed with an affected 
arm; consequently, practice programs are usually selected 
empirically. Moreover, it is difficult for patients to know 
what daily activities can be performed with the affected 
hand or what process they will be able to perform next. 
Consequently, these issues make shared decision making38) 
between the therapist and the patient even more difficult. We 
therefore developed ASUHS, in which many daily activities 
are divided into small concrete steps, to objectively evaluate 
in detail how well these steps are performed with the affected 
arm. ASUHS has several advantages: (1) many daily activi-
ties and their specific processes can be evaluated in detail; 
(2) the difficulty levels of these activities are known, and it 
is therefore easy to determine which processes within daily 
activities should be the next focus for training; (3) even inex-
perienced therapists can recognize the functional level of the 
affected arm and the daily activities that can be performed 
with it; (4) patients can know the process they will be able 
to perform next; (5) sharing the results of ASUHS with pa-
tients encourages them to become conscious of using their 
hands in daily activities; and (6) patients are more motivated 
to perform rehabilitation because they know exactly which 
daily activities can be achieved. ASUHS allows the therapist 
to directly assess the patient’s desired daily activities and 
can support decision making between the therapist and the 
patient regarding the program. In the next stage of ASUHS 
research, instead of reducing the items of ASUHS, we will 
develop a shortened version that will make it possible to esti-
mate the items of the entire ASUHS so that it can be applied 
clinically.

Limitations
This study has a noteworthy limitation. Of the 512 patients 

evaluated for eligibility, only 145 participated. Although 
ASUHS can be applied to patients meeting the criteria of 
this study, it may be difficult to apply ASUHS to patients not 
meeting these criteria.

CONCLUSIONS

Few scales currently available to evaluate in detail the 
affected arm in stroke patients can be used both in perform-
ing many daily activities and to indicate the difficulty of the 
daily activities. We therefore developed ASUHS to objec-
tively evaluate in detail the daily activities performable by 
an affected arm. The reliability and validity of ASUHS were 
preliminarily supported. ASUHS clarifies the difficulty level 
of the daily activities performed by the affected arm and in-
dicates to therapists the specific processes of daily activities 
that the patient should be able to perform next. This study 
suggested that ASUHS may be a potentially useful clinical 
scale.
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APPENDIX. THE 168 ITEMS IN ASUHS-D AND 
THE 116 ITEMS IN ASUHS-ND

The 168 items (Table A1, A2, A3) are the items of 
ASUHS-D. The category B items indicated with an aster-
isk are excluded when the non-dominant hand is assessed. 
ASUHS-D, Activities Specific Upper-extremity Hemiparesis 
Scale-Dominant hand scale; ASUHS-ND, Activities Specific 
Upper-extremity Hemiparesis Scale-Non-Dominant hand 
scale; ADL, activities of daily living; IADL, instrumental 
activities of daily living. 
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