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Background. The group-level responsiveness of the original, 30-item Stroke
Rehabilitation Assessment of Movement measure (STREAM-30) is similar to that of the
simplified STREAM (STREAM-15), even though the STREAM-30 has twice as many
items as those of the STREAM-15.

Objective. The purpose of this study was to compare the responsiveness of the
STREAM-30 and STREAM-15 at both group and individual levels in patients with
stroke. For the latter level, the Rasch-calibrated 27-item STREAM (STREAM-27) was
used because the individual-level indexes of the STREAM-30 could not be estimated.

Design. A repeated-measurements design was used. In total, 195 patients were
assessed with the STREAM-30 at both admission and discharge.

Methods. The Rasch scores of the STREAM-27 and STREAM-15 were estimated
from the participants’ responses on the STREAM-30. We calculated the paired t-test
value, effect size, and standardized response mean as the indexes of group-level
responsiveness. The significance of change for each participant was estimated as the
individual-level responsiveness index, and the paired t test and test of marginal
homogeneity were used for individual-level comparisons between the STREAM-27
and STREAM-15.

Results. At the group level, the STREAM-30, STREAM-27, and STREAM-15 showed
sufficient and comparable responsiveness. At the individual level, the STREAM-27
detected significantly more participants with significant improvement and fewer
participants with no change or deterioration compared with the STREAM-15.

Limitations. Few patients with subacute stroke showed deterioration at dis-
charge, so the abilities of the 2 measures to detect deterioration remain inconclusive.

Conclusions. The STREAM-27 detected more participants with significant recov-
ery compared with the STREAM-15, although the group-level responsiveness of the 2
measures was the same. The STREAM-27 is recommended as an outcome measure to
demonstrate the treatment effects of movement and mobility for patients with stroke.
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Responsiveness can be defined
as the ability of a measure to
detect change when it has

occurred.1–3 Outcome measures
should be responsive in order to
demonstrate treatment effects and
monitor patients’ progress.4 Some
authors have argued that the respon-
siveness of a measure should be
examined at both the group level
(detection of the average amount of
change in a group) and the individ-
ual level (detection of change in an
individual patient).2 To date, most
studies examining the responsive-
ness of measures have used group-
level indexes, which show the aver-
age treatment effect of a patient
population.2,3 However, group-level
indexes can hardly be applied to
interpret change in individual
patients in clinical or research set-
tings,5 and individual-level indexes
can help interpret individual
patients’ treatment effects that
group-level indexes cannot. There-
fore, both the group-level respon-
siveness and the individual-level
responsiveness of an outcome mea-
sure are critical for researchers and
clinicians to identify changes over
time in patients.

Moreover, it has been argued that
group-level comparisons of the
responsiveness of competing mea-
sures (eg, long-form and short-form
measures) potentially misrepresent
the responsiveness of measures, pos-
sibly leading users to select a rather
unresponsive outcome measure.6–8

In the past, short-form measures
were recommended for efficiently
quantifying patients’ progress due to
their briefness, speediness, and abil-
ity to detect change (ie, group-level
responsiveness) similar to that of the
long-form measures.9–12 Neverthe-
less, in these studies, only group-
level comparisons were conducted,
casting doubt on the implications of
the findings. Previous studies com-
pared the responsiveness of short-
form and long-form measures

(eg, the 5-item short-form Postural
Assessment Scale for Stroke Patients
[PASS] versus the 12-item PASS, the
12-item short-form Fugl-Meyer Motor
Scale [FM] versus the 50-item FM)
at both group and individual
levels.6–8,13 The short-form measures
werefoundtohaveinferior individual-
level responsiveness, although both
short-form and long-form measures
have equivalent group-level respon-
siveness. Thus, the responsiveness of
outcome measures should be com-
pared at both group and individual
levels to provide comprehensive and
robust evidence for clinicians and
researchers to select from among
competing measures.

Movement and mobility impairments
are very frequent sequelae after
stroke.14 To plan treatment and mon-
itor progress, it is crucial to assess
movement and mobility functions in
patients with stroke. The original,
30-item Stroke Rehabilitation Assess-
ment of Movement (STREAM-30) is
one of the recommended objective
and quantitative outcome measures
for assessing voluntary upper and
lower limb movement (UL and LL)
and basic mobility (MO) difficulties
after stroke.15,16 Its psychometric
properties (reliability, validity, and
group-level responsiveness) have
been well supported by previous
studies based on the classical test
theory.16–20 The STREAM-30 is rec-
ommended and preferred over other
related movement or mobility mea-
sures for measuring and monitoring
motor function in patients with
stroke.19,20 However, the STREAM-30
has a weakness in the construct valid-
ity revealed by Rasch analysis.21 Fur-
thermore, the STREAM-30 requires 15
to 35 minutes to complete.22 Such a
time-consuming administration limits
the utility of the STREAM-30 in clinical
settings. Accordingly, the 27-item
STREAM (STREAM-27) and its short
form, the 15-item simplified STREAM
(STREAM-15), have been con-
structed to improve the psychomet-

ric properties and clinical utility of
the STREAM-30.21

The STREAM-15 is brief and quick to
administer, and its psychometric
properties are similar to those of the
STREAM-30, particularly the group-
level responsiveness.10,21,23 How-
ever, as mentioned above, the similar-
ity in group-level responsiveness does
not guarantee similar abilities to detect
change in an individual patient. Due to
the lack of evidence supporting the
individual-level responsiveness, clini-
cians and researchers cannot select a
more responsive measure that can
detect changes in movement and
mobility in more patients. To amelio-
rate this situation, this study aimed
to compare the responsiveness of
the STREAM-30, STREAM-27, and
STREAM-15 at both group and indi-
vidual levels in patients with stroke.
However, the STREAM-30 was not
used in the individual-level compari-
son because the Rasch scores of the
STREAM-30, used for calculating
individual indexes, could not be esti-
mated. Because the STREAM-27 has
more items and thus provides more
information for assessing move-
ments and mobility, we hypothe-
sized that the STREAM-27 would
have superior individual-level
responsiveness.

Method
Participants
The data used in this study were
obtained from a previous longitudi-
nal follow-up study.10 Participants
were recruited from the depart-
ments of physical medicine and reha-
bilitation at 5 hospitals in Taiwan
between April 2004 and October
2005. Patients were eligible for the
study if they met the following crite-
ria: (1) first or recurrent onset of
cerebrovascular accident without
other major diseases (eg, cancer,
amputation, severe rheumatoid
arthritis), (2) subacute stroke with
hemiparesis or hemiplegia, (3) abil-
ity to follow instructions to com-
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plete the measure, and (4) informed
consent given personally or by
proxy. Patients discharged within 1
week of admission for rehabilitation
were excluded.

Procedure
Each participant was assessed with
the STREAM-30 at admission to the
rehabilitation wards and reassessed
at discharge. The assessments were
administered by 1 of 12 therapists (3
physical therapists and 9 occupa-
tional therapists) who were experi-
enced in using the STREAM-30. The
interrater reliability of these raters
on the 3 subscales of the STREAM-30
was sound (intraclass correlation
coefficients �.96).10 The data of
both the STREAM-27 and STREAM-15
were obtained from the STREAM-30
data of the same sample.

Measures
The STREAM-30 contains 30 items
equally divided into 3 subscales (ie,
10 items in each of the UL, LL, and
MO subscales).16 The items of the UL
and LL subscales are scored on a
3-point ordinal scale (0–1–2) for rat-
ing the excursion and quality of limb
movement as compared with the less
impaired side. The items of the MO
subscale are scored on a 4-point ordi-
nal scale (0–1–2–3) for rating the
quality, completion, and assistance
required of the task. A total of 20
points can be obtained from each
limb subscale, and 30 points can be
obtained from the MO subscale.

The STREAM-27 was revised from
the STREAM-30 based on Rasch anal-
ysis to improve the psychometric
properties of the STREAM-30.21 The
responses of 3 items in the
STREAM-30 (2 UL susbscale items:
scapular elevation and opposition; 1
LL subscale item: hip abduction) did
not conform to the Rasch model’s
assumptions24 (ie, unidimensionality
and equal item discrimination).
Thus, the misfit items were deleted
to obtain the advantages of Rasch

analysis, such as the resulting scores
can be viewed as intervals rather
than ordinal scores, and the standard
error (SE) of each score can be esti-
mated for users.21 The STREAM-27
consists of 27 items: 8 UL subscale
items, 9 LL subscale items, and 10
MO subscale items. The scaling of
each subscale is the same as that of
the STREAM-30. All 27 items in their
respective subscales showed good fit
to the Rasch model. The 3 subscales
of STREAM-27 have good-to-
excellent Rasch reliability.21

The STREAM-15 was constructed
to improve the administrative effi-
ciency of the STREAM-30. The
STREAM-15 was developed from
the STREAM-27 by retrieving 5 items
in each of the subscales according to
Rasch analysis and item representa-
tiveness.21 The scaling of the
STREAM-15 is identical to that of
the STREAM-30. The psychometric
properties of the STREAM-15 are com-
parable to those of the STREAM-30 and
STREAM-27, including the Rasch reli-
ability, test-retest reliability, unidimen-
sionality, concurrent validity, predic-
tive validity, discriminative validity,
and group-level responsiveness.10,21,23

The Barthel Index (BI) was devel-
oped to assess basic activities of daily
living (ADL) function in patients
with neurological or musculoskeletal
problems.25 The total score ranges
from 0 to 20. The BI has satisfactory
psychometric properties in patients
after stroke.26,27 We used the BI as
the external criterion to investigate
the external responsiveness of the 3
STREAM measures.

Data Analysis
In this study, we used the raw scores
of the STREAM-30 and the Rasch
scores of the STREAM-27 and the
STREAM-15 for data analyses. We
estimated the Rasch scores and stan-
dard errors of the 3 subscales for
both the STREAM-27 and the
STREAM-15 using the multidimen-

sional Rasch rating scale model. The
Rasch score for each subscale was
linearly transformed to a range of 0
to 100 for ease of understanding.
The linear transformation equation
for each subscale was: Rasch score �
100 � (maximum Rasch score �
minimum Rasch score). All item
parameter estimates (ie, difficulty
logits) were fixed to the values
obtained from the original data in the
study by Hsueh et al.21 This process
was used to ensure that the Rasch
parameters of each item were con-
sistent across assessments at the 2
time points.

Comparison of the group-level
responsiveness. To examine the
group-level responsiveness of the 3
subscales of the STREAM-30,
STREAM-27, and STREAM-15, both
the internal and external responsive-
ness were inspected. Regarding the
internal responsiveness, we calcu-
lated 3 indexes: paired t test, effect
size (ES), and standardized response
mean (SRM). Paired t tests were per-
formed to determine the significance
of the change scores in each sub-
scale from admission to discharge.
Two-sided P�.05 was considered
statistically significant. Both the ES
and SRM provided information on
the magnitude of change. Effect size
was calculated by dividing the mean
change scores by the standard devia-
tion of the baseline scores.28 The SRM
was calculated by dividing the mean
change scores by the standard devia-
tion of the change scores.28 Effect size
and SRM values �0.80 were consid-
ered large, values of 0.50 to 0.80 were
considered moderate, and values of
0.20 to 0.50 were considered
small.29,30 To investigate the external
responsiveness, the correlation
between change scores in each sub-
scale of the 3 STREAM measures and
those in the external criterion, the
BI, was calculated using the Pear-
son correlation coefficient (r). Pear-
son coefficients �.60 were consid-
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ered high, values of .30 to .60 were
considered moderate, and values
�.30 were considered poor.31 A
moderate correlation was consid-
ered to indicate sufficient external
responsiveness.

We used the bootstrap approach32 to
compare statistical differences of the
group-level internal and external
responsiveness among the 3 STREAM
measures. We drew 10,000 bootstrap
samples, each equal in size to the num-
ber of participants observed. For each
of the 10,000 samples, we calculated
the ES, SRM, and r values for each
subscale and calculated pair-wise dif-
ferences of the ES, SRM, and r values
among the 3 STREAM measures. We
examined whether zero was
included in the 98.4% bootstrap per-
centile confidence intervals (CIs)
of differences. The critical alpha
level was adjusted down to .016
(ie, �/n comparisons�.05/3) apply-
ing the Bonferroni correction for
multiple comparisons. If zero was
not included, the group-level inter-
nal or external responsiveness of
those 2 measures was considered
significantly different.

Comparison of the individual-
level responsiveness. Both the
internal and external responsiveness
were investigated at the individual
level. To examine the individual-
level internal responsiveness of the
STREAM-27 and STREAM-15, we esti-
mated the significance of change
(SC) for each participant. The SC was
adopted to quantify the size of an
individual participant’s Rasch
change score between admission
and discharge, which was expressed
in units of his or her own SE of the
Rasch score.6 The SE for each partic-
ipant’s score was estimated by Rasch
analysis. The SC was calculated using
the following formulas6,33:

(1)

SC �
Rasch scoredischarge � Rasch scoreadmission

SEdifference

(2) SEdifference � �SEadmission
2 � SEdischarge

2

A brief description of the deduction
of the SEdifference formula is provided
in the Appendix.

With respect to the external respon-
siveness, we calculated the percent-
ages of the participants who had sig-
nificant improvement in each
STREAM measure and had improve-
ment above the minimal clinically
important difference (MCID) in the
BI. Significant improvement in the
STREAM measures was determined
as an SC �1.96 � linear transforma-
tion equation. The MCID of the BI,
the lowest benchmark to determine
whether the changes are important
to patients with stroke, has been esti-
mated to be 1.85.34

To compare the individual-level
responsiveness between the
STREAM-27 and STREAM-15, we con-
ducted paired t tests, marginal homo-
geneity tests (G2 statistics), and tests
for difference of proportion (DP) in
the comparisons of internal respon-
siveness, as well as DP in the compar-
isons of external responsiveness. In
terms of the internal responsiveness,
paired t tests were adopted to deter-
mine the statistical differences of the
mean SCs of both measures. In addi-
tion, we used G2 statistics to exam-
ine whether the distributions of par-
ticipants detected to achieve
different levels of SC by the 2 mea-
sures were different. We categorized
the SCs according to their sizes and
directions into the following 3
groups: (1) significant improvement:
SC �1.96 � linear transformation
equation; (2) nonsignificant im-
provement: 0 � SC � 1.96 � linear
transformation equation; and (3) no
change or deterioration: SC �0. A P
value of �.05 in G2 statistics was
considered statistically significant.
The 95% CI for the DP was used to
compare the 2 proportions in each
SC group. Zero in this interval meant

that there was no difference
between the 2 proportions. As for
the comparisons of the external
responsiveness, we examined
whether zero was included in the
95% CI for the DP between the 2
STREAM measures in each subscale.

Floor and ceiling effects. The
floor and ceiling effects of the 3 sub-
scales in each STREAM measure
were examined. We calculated the
percentages of the participants who
obtained the lowest and highest pos-
sible scores to indicate floor and ceil-
ing effects, respectively. Floor and
ceiling effects �15.0% were consid-
ered significant.35

Role of the Funding Source
This study was supported by
research grants from the E-Da
Hospital (EDAHT102015 and
EDAHT103027).

Results
A total of 388 participants were
assessed using the STREAM-30 at
admission, but 193 of these partici-
pants were lost at second assessment
either because they were in an unsta-
ble condition or were discharged
without prior notification. The
remaining 195 participants (50.3%)
completed the assessments at both
admission and discharge, and their
data were used for further analyses.
The baseline scores of the 3 sub-
scales of the STREAM-30 of the
remaining 195 participants were not
significantly different (P�.05) from
those of the 193 participants lost at
second assessment. The scores of
the 195 participants were scattered
across the entire ranges of the 3 sub-
scales’ possible scores.10 As
expected, deterioration during hos-
pitalization was detected by the
STREAM-30 in a few of the partici-
pants (10, 12, and 6 participants for
the UL, LL, and MO subscales,
respectively). The demographic
characteristics of the participants
and the raw scores and Rasch scores
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of the STREAM-30, STREAM-27, and
STREAM-15 are shown in Table 1.

Comparison of the Group-Level
Responsiveness
Table 2 presents the scores for group-
level internal and external responsive-
ness of the STREAM-30, STREAM-27,
and STREAM-15. Regarding the inter-
nal responsiveness, the changes in
score between admission and dis-
charge of each subscale in the 3 mea-
sures were all significant (t�
7.89–15.05, all P values �.001). The
ES and SRM values showed the 3
STREAM measures to have similar and
small-to-large group-level internal
responsiveness. As to the external
responsiveness, the correlation
between the change scores of each
subscale and those of the BI were sim-
ilar among the 3 STREAM measures.
The UL and LL subscales demonstrated

moderate external responsiveness,
and the MO subscale showed high
external responsiveness.

Table 3 shows the results of compar-
isons of group-level internal and exter-
nal indexes among the 3 STREAM mea-
sures. In terms of the internal indexes
(ES and SRM), zero was included in
most 98.4% CI values of the differ-
ences. Particularly, the STREAM-15
had ES and SRM values similar to those
of the STREAM-30 and STREAM-27,
except for the comparisons in UL and
LL subscales between the STREAM-15
and STREAM-30. That is, the ES and
SRM values of the UL subscale and the
SRM values of the LL subscale of the
STREAM-15 were significantly higher
than those of the STREAM-30, but the
magnitudes of difference were small.
Concerning the external indexes (r
values), all of the 98.4% CI values

embraced zero, indicating that the
external responsiveness did not differ
significantly among the 3 STREAM
measures.

Comparison of the Individual-
Level Responsiveness
The results for individual-level inter-
nal and external responsiveness of
the STREAM-27 and STREAM-15 are
listed in Table 4. For internal respon-
siveness, the mean SCs of the
STREAM-27 were higher than those
of the STREAM-15, and the differ-
ences were significant in all 3 sub-
scales (t�3.56–6.00, all P values
�.001). The G2 statistics show that
the distributions of participants in
the 3 SC groups were significantly
different between the STREAM-27
and STREAM-15 (P�.002–.011). In
terms of the proportions in each SC
group, more participants were

Table 1.
Demographic Characteristics and Descriptive Statistics of the STREAM-30, STREAM-27, and STREAM-15 in Participants With
Stroke (n�195)a

Characteristic Value

Sex (n), male/female 130/65

Age (y), X (SD) 63.4 (13.7)

Side of lesion (n), right/left 109/86

Measure Subscale
Admission/Discharge

X (SD)

STREAM-30 (raw score) UL 8.7 (8.2)/10.5 (8.3)

LL 8.0 (7.3)/10.4 (7.7)

MO 11.5 (8.5)/15.8 (8.9)

STREAM-27 (raw score) UL 6.9 (6.6)/8.4 (6.8)

LL 7.4 (6.6)/9.5 (6.9)

MO 11.5 (8.5)/15.8 (8.9)

STREAM-15 (raw score) UL 4.4 (4.2)/5.3 (4.3)

LL 4.2 (3.7)/5.3 (3.9)

MO 6.2 (4.1)/8.4 (4.2)

STREAM-27 (Rasch score) UL 47.6 (27.1)/55.5 (27.4)

LL 47.3 (25.1)/56.3 (25.5)

MO 41.9 (20.9)/52.6 (21.6)

STREAM-15 (Rasch score) UL 47.4 (28.1)/55.3 (28.4)

LL 46.3 (26.4)/55.8 (27.0)

MO 43.6 (21.6)/54.6 (21.9)

a STREAM-30�the original Stroke Rehabilitation Assessment of Movement, STREAM-27�the 27-item STREAM, STREAM-15�the 15-item STREAM, UL�upper
limb movement, MO�basic mobility, LL�lower limb movement.
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detected to achieve “significant
improvements” of LL and MO func-
tion by the STREAM-27 (22.6%–
35.9%) than by the STREAM-15
(18.5%–29.2%). The UL subscales of
both measures exhibited trends sim-
ilar to those of the LL and MO sub-
scales. On the other hand, a signifi-
cantly smaller proportion of
participants were categorized as hav-
ing “no change or deterioration” in
each of the 3 subscales by the
STREAM-27 (12.8%–18.5%) than by
the STREAM-15 (18.5%–24.1%).
Regarding the external responsive-
ness, significantly more participants
were found to have significant/im-

portant improvement by both the
STREAM-27 and BI (20.0%–32.8%)
than by both the STREAM-15 and BI
(17.4%–26.7%) in the MO subscale.
The UL and LL subscales also showed
similar trends.

The Figure shows the distributions of
the SE values (vertical axis) across UL,
LL, and MO subscale functions (hori-
zontal axis) for the STREAM-27 and
STREAM-15 at admission and dis-
charge. The curves of the SE values of
both measures appeared to be parallel.
Particularly, at every time point and
subscale, a majority of the SE values of
the STREAM-15 were larger than those

of the STREAM-27, and the mean SE
values of the STREAM-15 were signifi-
cantly larger than those of the
STREAM-27 (t�22.46–46.56, all P val-
ues �.001).

Floor and Ceiling Effects
Table 5 shows that the STREAM-30
demonstrated both significant floor
effects (21.0%–31.3%) and ceiling
effects (19.0%–26.2%) in the UL sub-
scale at both time points, a significant
floor effect (20.5%) at admission, and a
significant ceiling effect (19.5%) at dis-
charge in the LL subscale and no sig-
nificant floor or ceiling effects in the
MO subscale. Neither a floor effect nor

Table 2.
Group-Level Internal and External Responsiveness of the STREAM-30, STREAM-27, and STREAM-15 (n�195)a

Measure

Subscale

UL LL MO

STREAM-30 raw score

Mean change score (SD) 1.9 (3.4) 2.3 (3.3) 4.4 (4.4)

Internal responsiveness

t (P) 7.89 (�.001) 9.98 (�.001) 14.00 (�.001)

ES 0.23 0.32 0.52

SRM 0.57 0.72 1.00

External responsiveness

r (P) .38 (�.001) .40 (�.001) .67 (�.001)

STREAM-27 Rasch score

Mean change score (SD) 7.9 (10.5) 9.0 (9.9) 10.7 (9.9)

Internal responsiveness

t (P) 10.45 (�.001) 12.71 (�.001) 15.05 (�.001)

ES 0.29 0.36 0.51

SRM 0.75 0.91 1.08

External responsiveness

r (P) .35 (�.001) .40 (�.001) .64 (�.001)

STREAM-15 Rasch score

Mean change score (SD) 7.9 (11.2) 9.5 (10.8) 11.0 (10.6)

Internal responsiveness

t (P) 9.84 (�.001) 12.26 (�.001) 14.39 (�.001)

ES 0.28 0.36 0.51

SRM 0.71 0.88 1.03

External responsiveness

r (P) .38 (�.001) .45 (�.001) .62 (�.001)

a STREAM-30�the original Stroke Rehabilitation Assessment of Movement, STREAM-27�the 27-item STREAM, STREAM-15�the 15-item STREAM, UL�upper
limb movement, MO�basic mobility, LL�lower limb movement, ES�effect size, SRM�standardized response mean.
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a ceiling effect was found in the 3
subscales of the STREAM-27 and those
of the STREAM-15.

Discussion
The main purpose of this study was
to investigate whether the ability of
the STREAM-15 to detect patients’
progress is similar to those of the
STREAM-30 and STREAM-27 at both
the group and individual levels. We
found that the STREAM-15 showed
sufficient and similar group-level
responsiveness, both in internal and
external indexes, to the STREAM-30
and STREAM-27; however, the
STREAM-27 had greater individual-
level internal and external respon-
siveness than the STREAM-15. These
results demonstrate that the STREAM-
30, STREAM-27, and STREAM-15 are
equally able to identify changes in
movement status and mobility when
used in a group and that the group
changes in the 3 STREAM measures
can comparably reflect the corre-

sponding changes of ADL function
assessed with the BI. As for detection
of an individual patient’s movement
and mobility recovery, the
STREAM-27 can detect more patients
with significant movement and
mobility improvement than the
STREAM-15. In addition, the
STREAM-27 revealed a greater num-
ber of patients achieving both signif-
icant recovery in movement and
mobility and clinically important
improvement in ADL function.
Accordingly, the STREAM-27 is rec-
ommended as an outcome measure
to demonstrate treatment effects of
movement and mobility for patients
with stroke in both clinical and
research settings.

The superior ability of the STREAM-27
over that of the STREAM-15 to detect
change in movement and mobility
in individuals was supported by 2
individual-level indexes. First, all of the
SCs of the STREAM-27 were signifi-

cantly higher than those of the
STREAM-15. That is, the STREAM-27
could identify greater amounts of
change in movement and mobility for
individual patients compared with the
STREAM-15. Second, the DP showed
that the STREAM-27 detected signifi-
cantly more patients with significant
movement and mobility recovery and
fewer patients with no change or dete-
rioration of movement and mobility
function compared with the STREAM-
15. The reason for the better
individual-level responsiveness of the
STREAM-27 could be that the
STREAM-27 yields smaller measure-
ment errors (ie, SE values) of the
scores for individual patients, as
shown in the Figure. With a narrower
distribution (smaller SE values) of esti-
mated scores, the score differences
between admission and discharge of
each patient are more likely to be sig-
nificant. These observations indicate
that the STREAM-27 is a better

Table 3.
Bootstrap Analyses for Comparisons of Group-Level Internal and External Responsiveness Among the STREAM-30 (Raw Score),
STREAM-27 (Rasch Score), and STREAM-15 (Rasch Score) in Participants With Stroke (n�195)a

Measure

98.4% CI of Differencesb

UL LL MO

Internal responsiveness

ES

STREAM-30 vs STREAM-27 �.10, �.02c �.07, .00 �.02, .03

STREAM-30 vs STREAM-15 �.09, �.01c �.08, .00 �.04, .06

STREAM-27 vs STREAM-15 �.01, .03 �.03, .03 �.03, .04

SRM

STREAM-30 vs STREAM-27 �.30, �.08c �.28, �.12c �.13, �.02c

STREAM-30 vs STREAM-15 �.26, �.03c �.27, �.06c �.11, .06

STREAM-27 vs STREAM-15 �.01, .10 �.06, .12 �.04, .14

External responsiveness

Pearson r

STREAM-30 vs STREAM-27 �.08, .12 �.08, .07 �.01, .07

STREAM-30 vs STREAM-15 �.11, .09 �.15, .04 �.02, .13

STREAM-27 vs STREAM-15 �.07, .02 �.12, .02 �.04, .09

a STREAM-30�the original Stroke Rehabilitation Assessment of Movement, STREAM-27�the 27-item STREAM, STREAM-15�the 15-item STREAM,
UL�upperlimb movement, MO�basic mobility, LL�lower limb movement, CI�confidence interval, ES�effect size, SRM�standardized response mean.
b Applying the Bonferroni correction for multiple comparisons, the critical alpha level was adjusted down to .016 (ie, �/n comparisons�.05/3). Thus, we
used 98.4% CI.
c ES or SRM values between 2 measures were significantly different.
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outcome measure than the
STREAM-15 at the individual level.

Floor and ceiling effects limit a mea-
sure’s ability to detect changes in
individuals who score the minimum
and maximum scores, respectively,36

thereby decreasing both the group-
level and the individual-level respon-
siveness of a measure. Our results
imply that both the STREAM-27
and STREAM-15 can differentiate
among individuals with low or high
levels of movement and mobility
function, but the STREAM-30 can-
not. Such an observation results
from the fact that more measure-
ment information from the related
subscales was taken into account
using multidimensional Rasch scal-
ing model in the STREAM-27 and
STREAM-15. That is, a patient’s
Rasch score on one subscale (eg,
UL) was estimated by considering
the same patient’s responses on the
other 2 subscales (ie, LL and MO).
Thus, the STREAM-27 and
STREAM-15 were more likely than
the STREAM-30 to reveal the fine
distinctions among patients with
very low or high levels of function,
and the floor and ceiling effects of
the STREAM-27 were the smallest.
These findings may be one of the
reasons why the STREAM-27 and
STREAM-15 had similar but slightly
higher group-level responsiveness
than the STREAM-30 and why the
STREAM-27 had the best individual-
level responsiveness.

Previously, the STREAM-15 was rec-
ommended as an efficient and reli-
able substitute for the STREAM-30
because its group-level psychomet-
ric properties were shown to be as
robust as those of the STREAM-30
and STREAM-27.10,21,23 However, we
found that the STREAM-15 is less
able than the STREAM-27 to demon-
strate treatment effects for individual
patients in clinical trials or clinical
settings. Our findings were consis-
tent with those of previous studiesTa
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comparing both the group-level and
individual-level responsiveness of
long-form and short-form outcome
measures.6–8,13 Long-form measures
are expected to be more responsive
than any of their short-form mea-
sures because more items with dif-
ferent difficulty levels would provide
more useful information to estimate
patients’ abilities. Thus, the measure-
ment errors (SE) would decrease,
which would yield better individual-

level responsiveness. These results
imply that using only the group-level
responsiveness is insufficient, and
the misguided belief in its sufficiency
might have led clinicians and
researchers to choose a less respon-
sive outcome measure. Furthermore,
the individual-level responsiveness
of outcome measures can provide
individual-level effects (eg, individ-
ual patient’s progress, number of
patients with significant improve-

ment) that the traditional indexes of
group-level responsiveness cannot
provide. This information can help
researchers to interpret the treat-
ment effects and assist clinicians in
translating the evidence from
research to clinical settings (eg, how
many patients could benefit from the
treatment protocol). Thus, we
strongly suggest that individual-level
responsiveness needs to be included
in the examination of responsiveness

Figure.
Comparison of standard errors across function location on the upper limb movement (UL), lower limb movement (LL), and basic
mobility (MO) subscales between the 27-item Stroke Rehabilitation Assessment of Movement (STREAM-27) and 15-item STREAM
(STREAM-15) at admission and discharge. The standard error for each participant’s Rasch score was estimated by Rasch analysis. The
standard errors showing U-shaped distribution, as shown in the other Rasch-calibrated measures,37–39 indicate that the measurement
errors of 2 extreme levels of function were larger. The large measurement errors were due to the smaller number of items developed
for both extremely difficult levels of function and led to less precise measurement.
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of outcome measures in order to
provide comprehensive empirical
evidence.

This study had 3 limitations. First,
only 3% to 6% of the participants, as
expected, deteriorated during hospi-
talization. Therefore, the abilities of
the STREAM-27 and STREAM-15 to
detect deterioration of movement
and mobility in patients with stroke
remain unknown. Second, the par-
ticipants were in the subacute stage.
Consequently, the individual-level
responsiveness of the STREAM-27
and STREAM-15 may not be general-
ized to the patients with acute or
chronic stroke. Last, the high attri-
tion rate (49.7%) might limit the gen-
eralizability of our findings. How-
ever, the limitation of the
generalizability might be trivial for
the following 2 reasons. First, we
found that the differences in move-
ment and mobility impairments
between the remaining 195 patients
and the 193 participants lost at sec-
ond assessment were not significant.
In addition, the 195 participants cov-
ered a wide range of movement and
mobility deficits.

In summary, our findings demon-
strate that the STREAM-27 is better

able than the STREAM-15 to detect
movement and mobility improve-
ment for an individual patient,
although the STREAM-15 and the
STREAM-27 are equally able to detect
change in a group. Thus, the
STREAM-27 is recommended as an
outcome measure to demonstrate
treatment effects of movement and
mobility for patients with stroke in
both clinical and research settings.
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Appendix.
Deduction of SEdifference Formulaa

In classical test theory, the observed scores comprise true scores and measurement errors. If a patient’s ability (ie,
true score) has not changed between assessments, which is a necessary assumption in the estimation of reliability,
the fluctuation of observed scores between 2 assessments obtained on the same measure by the same patient comes
solely from the measurement errors (formulas 1 and 2). Therefore, the variance of the observed change scores
(measurement error between repeated assessments) is equal to the variance of the difference of the measurement
errors (formula 3). In addition, the measurement errors are random variables and are assumed to be independent
between repeated assessments. Thus, the covariance of the measurement errors between admission and discharge
should be zero and could be ignored for calculation of SEdifference (formula 4). The deduction of SEdifference formula
are presented as follows:

(1) Rasch scoreadmission � True score (T) � Measurement error (E)admission

(2) Rasch scoredischarge � True score (T) � Measurement error (E)discharge

(3) SEdifference
2 � Variance (Rasch scoredischarge � Rasch scoreadmission)

� Variance (T � Edischarge � T � Eadmission)

� Variance (Edischarge � Eadmission)

� Variance (Edischarge) � Variance (Eadmission) � 2 Covariance (Edischarge, Eadmission)

� SEadmission
2 � SEdischarge

2 � 0

� SEadmission
2 � SEdischarge

2

(4) SEdifference � �SEadmission
2 � SEdischarge

2

a The abbreviation “SE” here means measurement error, not standard error of the mean. The SE represents the measurement error of an individual patient’s
Rasch score, and the SEdifference means the measurement error of an individual patient’s Rasch change score between repeated assessments.
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