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Background. The group-level responsiveness of the Postural Assessment Scale
for Stroke Patients (PASS) is similar to that of the short-form PASS (SFPASS). This result
is counterintuitive because the PASS has more items (12) and response levels (4) than
does the SFPASS (5 items and 3 response levels).

Objective. The purpose of this study was to compare individual-level responsive-
ness between both measures to determine whether the SFPASS can detect change
with as much sensitivity as the PASS.

Study Design and Setting. Two hundred fifty-one patients were assessed
using the PASS at 14 and 30 days after stroke onset in a medical center.

Methods. The SFPASS scores were calculated from the patients’ responses on the
PASS. Individual-level responsiveness was calculated on the basis of the value of
minimal detectable change (MDC). If a patient’s change score was greater than the
MDC of the PASS or SFPASS, his or her improvement was considered significant. The
difference in the number of patients scoring greater than the MDC and the units of
MDC (the MDC ratio) improved by the patients on both measures was examined.

Results. Fifty-three percent of the patients scored greater than the MDC of the
PASS, whereas 43.0% of the patients scored greater than the MDC of the SFPASS. The
difference was significant. The mean (�SD) MDC ratio of the PASS (1.8�1.7) was
significantly higher than that of the SFPASS (1.2�1.3).

Limitations. The scores of the SFPASS were retrieved from those of the PASS,
which limits the generalization of our findings.

Conclusions. The PASS has better individual-level responsiveness than does the
SFPASS. To comprehensively report effects of clinical trials, future studies using the
PASS should report the individual-level effect (eg, number of patients scoring greater
than the MDC).
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Ashort and psychometrically
sound measure allows clini-
cians and researchers to effi-

ciently quantify patients’ outcomes.
Previous studies have shown that
short-form measures have psycho-
metric properties, particularly respon-
siveness (a critical index for out-
come measures to show their ability
to detect change), which are similar
to their original or long-form mea-
sures.1–4 However, Hobart et al5

argued that such a similarity in
responsiveness between short forms
and long forms could be ascribed to
the use of group-level indexes (eg,
effect size) for comparisons. They
used standard error generated from
item response theory (IRT) for each
participant to calculate individual-
level responsiveness (ie, calculating
how many people can achieve signif-
icant improvement or deterioration).
Results show that the individual-level
responsiveness of a short measure
(the 10-item, 2- to 4-response-level
Barthel Index) is lower than that
of a long measure (the 13-item,
7-response-level Functional Indepen-
dence Measure).5 Thus, individual-
level responsiveness is critical for
clinicians and researchers on the
selection of competing outcome
measures.

Although IRT-based standard error
appears useful for calculating
individual-level responsiveness, most
current measures have been devel-
oped and examined using classical
test theory.6 Classical test theory also
can generate a similar index for ran-
dom error (called minimal detect-
able change [MDC] or smallest real
difference). The MDC is the smallest
threshold of change scores that is
greater than random error at a cer-
tain level of confidence (usually
95%).7,8 Thus, the MDC95 can be
used as a threshold for identifying
statistically significant individual
changes.7,9 The MDC95 is simple and
useful for estimating the individual-
level responsiveness of a measure.

We have shown that the group-level
responsiveness of the Postural
Assessment Scale for Stroke Patients
(PASS) is similar to that of the short-
form PASS (SFPASS).1 The 5 items of
the SFPASS were selected from the
12 items of the PASS. Furthermore,
the middle response level of the
3-level SFPASS was created by com-
bining the middle 2 levels (1 and 2)
of the 4-level PASS.1 Therefore, the
similar group-level responsiveness
of both measures is counterintuitive,
as the PASS has more items and
response levels than does the
SFPASS. Every item and response
level of the PASS is different from
the others and thus provides unique
information for assessment of bal-
ance. The additional items (7) and
response level (1) of the PASS would
be useful to detect change compared
with the SFPASS. The individual-level
responsiveness of the 2 measures
remains unknown, which compli-
cates the selection of a competitive
measure by clinicians and research-
ers. Thus, the purpose of this study
was to compare the individual-level
responsiveness of the PASS and
SFPASS. We hypothesized that the
PASS would statistically detect more
patients with significant balance
improvement compared with the
SFPASS (P�.05). The group-level
responsiveness of both measures
also was compared. We expected
that both measures would have
similar group-level responsiveness
(overlapped confidence intervals of
group-level indexes). The results
would be valuable for clinicians and
researchers for the selection of a
responsive balance measure.

Method
Participants
Data were available from a previous
longitudinal follow-up study.10 Each
participant in the study was assessed
at 14 days after stroke onset and reas-
sessed at 30 days after onset to char-
acterize his or her balance ability
(eg, as measured with the PASS)

and recovery of neurological impair-
ments. We recruited participants
who met the following criteria:
(1) first or recurrent onset of cere-
brovascular accident without other
major diseases (eg, cancer, demen-
tia, severe rheumatoid arthritis),
(2) ability to follow verbal instruc-
tions to complete the PASS, and
(3) ability to provide informed con-
sent personally or by proxy. Patients
were excluded if they had another
stroke or other major diseases dur-
ing the follow-up period. We also
excluded patients with the highest
possible scores of the PASS and the
SFPASS (ie, 36 and 15, respectively)
because these patients had no room
to improve on the PASS or SFPASS.

Procedure
The PASS was administered by an
occupational therapist who was not
informed of the purpose of this
study. The patients were assessed
at a hospital or in their homes. The
scores of the SFPASS were obtained
from the patients’ responses on the
PASS.

Measures
The PASS was specifically developed
to assess balance function in people
with stroke.11 The PASS contains 12
four-level (0-1-2-3) items assessing a
person’s balance performance in sit-
uations with varying difficulties (ie,
maintaining or changing a lying, sit-
ting, or standing position). Its total
score ranges from 0 to 36, and the
psychometric properties (including
reliability, concurrent validity, pre-
dictive validity, and group-level
responsiveness) of the PASS are sat-
isfactory when used to assess people
with stroke.10,11 The MDC95 of the
PASS is 3.2, which was estimated
by repeated assessments on a group
of patients with stable condition (ie,
52 patients with chronic stroke).12

Because the MDC of a measure is
considered sample independent, the
MDC of the PASS was used to exam-
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ine individual-level responsiveness in
this study.

The SFPASS has 5 three-level items,
which are listed in the Appendix.
The 5 items are those from the orig-
inal PASS that have the best measure-
ment properties (ie, higher internal
consistency and greater responsive-
ness). The middle level of the SFPASS
was created by combining the mid-
dle 2 levels of the original PASS.
Thus, both the items and scores of
the SFPASS can be obtained from
the scores of the PASS. The score of
the SFPASS ranges from 0 to 15. The
psychometric properties (including
reliability, concurrent validity, and
group-level responsiveness) of the
SFPASS are very similar to those
of the original PASS. The MDC95 of
the SFPASS is 2.2, based on the same
patients used for estimating the MDC
of the PASS.13

Data Analysis
Group-level comparison. Two
indicators were used to examine the
group-level responsiveness. First,
Kazis’ effect size14 was calculated
by dividing the mean changes by the
standard deviation of the baseline
scores obtained at 14 days after
stroke onset. Second, the standard-
ized response mean (SRM) (another
type of effect size) was calculated
by dividing the mean changes by
the standard deviation of the change
in scores. According to Cohen’s cri-
teria, an effect size greater than 0.8
is large, 0.5 to 0.8 is moderate, and
0.2 to 0.5 is small.15

In addition, to compare the respon-
siveness between the PASS and
SFPASS, we estimated the 95% con-
fidence intervals (95% CIs) of Kazis’
effect size and SRM to test the differ-
ences between the above measures
by 10,000 bootstrap samples.16

Individual-level comparison. The
MDC95 values of both the PASS and
the SFPASS (3.2 and 2.2, respec-

tively) were retrieved from recent
studies,12,13 in which 52 patients in a
stable condition were tested twice, 1
week apart. The scores of the SFPASS
were obtained from the patients’
scores on the PASS.13 In brief, the
MDC was estimated on the basis of
test-retest reliability investigation.
The MDC based on the standard
error of measurement (SEM) was cal-
culated using the following formulas:

(1) MDC � z score � �2 � SEM

(2) SEM � ��e
2

The z score (equation 1) represents
the confidence interval (CI) from a
standard normal distribution (1.96
for 95% CI was used in this study).
The SEM was calculated by the
square root of the error variance
including systematic differences
(equation 2), which was obtained
from the analysis of variance table.17

The relative responsiveness of the
PASS and SFPASS was compared at
the individual level with 4 steps.
First, we calculated the size of
change score of each patient (“score
at 30 days after onset” � “score at 14
days after onset”). Second, we exam-
ined whether the change score was
larger than the MDC. Third, we cat-
egorized the significance of each
patient’s change score into 1 of 3
groups according to the size and
direction of the change score. The
first group was significant improve-
ment: change score �MDC95. The
second group was nonsignificant
improvement: 0 � change score
� MDC95. The third group was oth-
ers (no change or worsening).
Fourth, the distributions categorized
into these 3 groups for both mea-
sures were compared using a test of
marginal homogeneity (a likelihood-
ratio test on the G2 goodness-of-fit
statistics). The difference of propor-
tions with a 95% CI was used to com-
pare 2 proportions of any specific
category for statistical significance.

Because the above individual-level
responsiveness index used the
MDC95 to categorize participants
into 3 groups only, we further calcu-
lated the MDC ratio for each partici-
pant’s change score (ie, change
score divided by MDC95). The MDC
ratio is a continuous index and thus
is a sensitive index. Then we com-
pared the MDC ratios of both mea-
sures using a paired t test.

Results
Demographic and clinical character-
istics of the participants are summa-
rized in Table 1. Three hundred one
patients were assessed using the
PASS at 14 days after a recent stroke
onset. A total of 50 patients were not
followed because they achieved the
highest possible score of the SFPASS
(13 patients), were in an unstable
condition (16 patients), or were dis-
charged without prior notice (21
patients). In total, 251 patients were
assessed at both time points (ie, 14
and 30 days after stroke onset), and
their data were used for further
analyses. These patients had a wide
range of balance impairment (from
bedridden to nearly able to stand on
the affected leg for 10 seconds).

The SFPASS showed a notable floor
effect for patients at 14 days after
onset. The ceiling effect of the
SFPASS was more notable than that
of the PASS for the participants at
30 days after onset.

Group-Level Comparison
Kazis’ effect size and SRM showed
moderate to large responsiveness
(0.46–0.91) of both measures in
detecting changes from 14 days to
30 days after stroke (Tab. 2). In par-
ticular, bootstrap analyses showed
that the 95% CIs of the 2 effect size
indexes of both measures largely
overlapped.

Individual-Level Comparison
Table 3 shows that the distributions
for both balance measures to detect
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the number of participants achieving
different levels of improvement were
significantly different (P�.001). Spe-
cifically, 53.0% of the participants
scored greater than the MDC95 of the
PASS (ie, significant improvement
group), and 43.0% of the participants
scored greater than that of the
SFPASS. The PASS significantly
detected a greater proportion of par-
ticipants as showing significant
improvement than the SFPASS
detected (P�.001). In addition,
Table 4 shows similar trends in
which the PASS detected a greater
proportion of participants as show-
ing significant improvement and a
smaller proportion of participants
as showing nonsignificant improve-
ment than the SFPASS detected at
the other levels of confidence (ie,
70%, 75%, 80%, 85%, 90%, and 99%).
The MDC ratio of the PASS
(X�SD�1.8�1.7) was significantly
higher than that of the SFPASS
(X�SD�1.2�1.3) (P�.001).

Discussion
The main purpose of this study was
to determine whether the SFPASS
can detect change as sensitively as
the PASS at an individual level. Par-
ticularly, the PASS has more items
and response categories and shows
more potential to detect change than
does the SFPASS. We found the
responsiveness of the PASS and that
of the SFPASS, as expected, to be
similar at the group level, as shown
by Kazis’ effect size and SRM. These
results were confirmed by 10,000
bootstrap samples. The similarity in
group-level responsiveness of the
PASS and SFPASS has been reported
previously.1 However, individual-
level responsiveness of the PASS was
better than that of the SFPASS. The
PASS could detect significant recov-
ery of balance function in more
patients than the SFPASS could. Fur-
thermore, the MDC ratio (ie, how
many units of MDC had improved in
each participant) of the PASS was
significantly higher than that of the

Table 1.
Demographic and Clinical Characteristics of the Participantsa

Characteristic

All
Participants

(N�301)

Participants Who
Completed 2 Assessments

(n�251)

14 Days
After Onset
of Stroke

30 Days
After Onset
of Stroke

Sex (no. of men/women) 186/115 147/104

Age (y), X (SD) 67.3 (10.9) 68.4 (10.5)

Type of stroke: ischemia/hemorrhage 230/71 188/63

Side of lesion, right/left (no. of participants) 132/179 101/150

PASS (0–36)

X (SD) 18.6 (11.5) 17.7 (11.4) 22.9 (11.1)

% floor 7.2 4.8

% ceiling 0 4.4

Change score: X (SD) 5.2 (5.7)

SFPASS (0–15) 7.1 (5.1)

X (SD) 6.6 (4.9) 9.0 (5.1)

% floor 21.9 12.7

% ceiling 0 14.3

Change score: X (SD) 2.4 (2.9)

a PASS�Postural Assessment Scale for Stroke Patients, SFPASS�short-form PASS.

Table 2.
Group-Level Responsiveness of Both Balance Measures (n�251)a

Measure
Kazis’ Effect Size

(95% CI)b

Standardized
Response Mean

(95% CI)b

PASS 0.46 (0.39–0.53) 0.91 (0.82–1.01)

SFPASS 0.48 (0.39–0.56) 0.83 (0.71–0.91)

a PASS�Postural Assessment Scale for Stroke Patients, SFPASS�short-form PASS, 95% CI�95%
confidence interval.
b Estimated by 10,000 bootstrap samples.

Table 3.
Individual Patient-Level Responsiveness of the Postural Assessment Scale for Stroke
Patients (PASS) and Short-Form PASS (SFPASS) (n�251)

Group
PASS
% (n)

SFPASS
% (n)

Difference of Proportions
(95% CIa; P)

Significant improvement 53.0 (133) 43.0 (108) 10 (4.6, 15.3; �.001)

Nonsignificant improvement 37.8 (95) 54.2 (136) �16.3 (�22.4, �10.3; �.001)

Others 9.2 (23) 2.8 (7) 6.4 (2.8, 10; �.001)

G2 (P) 25.97 (�.001)

a 95% CI�95% confidence interval.
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SFPASS. Thus, the PASS was better
able to detect change compared
with the SFPASS. This finding sup-
ports the intuitive sense that the
higher number of items and addi-
tional response level of the PASS
should make it a better outcome
measure than the SFPASS.

Our results of individual-level
responsiveness can provide unique
information that traditional indexes
of group-level responsiveness cannot
provide. Thus, we raise 2 issues for
researchers in examining the respon-
siveness of an outcome measure.
First, it is strongly recommended
that individual-level responsiveness
be included in examinations of
the responsiveness of outcome mea-
sures, and particularly for comparing
competing measures (eg, short
forms versus long forms, new mea-
sures versus legacy measures). The
results will be critical for clinicians
and researchers in the selection of
competing measures on the basis of
comprehensive empirical evidence.

Second, our findings support the
argument that group-level indicators
of responsiveness (eg, Kazis’ effect
size and SRM) are inappropriate or
limited.5,18 The group-level indica-
tors of responsiveness could not
demonstrate differences in levels of
responsiveness between a short
measure (eg, the Barthel Index) and
a long measure (eg, the Functional
Independence Measure).5,18,19 How-
ever, the superiority of the Func-
tional Independence Measure over
the Barthel Index in detecting change
is demonstrated by individual-level
analyses.5 These observations indi-
cate that group-level indexes of
responsiveness can be misleading.

It is still unclear why the results
of group-level responsiveness (eg,
Kazis’ effect size and SRM) and
individual-level responsiveness (eg,
MDC as a cutoff score, MDC ratio)
were different.5 However, the PASS,

which has more items and response
levels than does the SFPASS, should
be better able to detect change than
the SFPASS. Further research is
warranted to confirm our findings
and to determine the causes of the
differences.

Our findings imply that studies using
the PASS or SFPASS as an outcome
measure should report the individual-
level effect (ie, number of patients
scoring greater than the MDC or the
MDC ratio) in addition to the group-
level effect (eg, effect size) in order
to comprehensively report the

effects of clinical trials. The MDC is
the smallest threshold of change
scores that is detectable and greater
than random error at a certain level
of confidence (usually 95%).7 Report-
ing the number of patients improv-
ing by greater than the MDC in
the experimental group of a clinical
trial would help clinicians integrate
both evidence-based results and
measurement errors that are inher-
ent in any kinds of measurement.
Both researchers and clinicians
need to interpret their observations
on the basis of objective measure-
ment properties (ie, the change

Table 4.
Individual Patient-Level Responsiveness of Both Balance Measures Calculated at
Certain Confidence Levels (n�251)a

Confidence
Level (%)

Change
Category

PASS
% (n)

SFPASS
% (n) DP (95% CI; P)

SI 44.6 (112) 43.0 (108) 1.6 (�3.3, 6.5; .527)

99 NSI 46.2 (116) 54.2 (136) �8 (�13.9, �2; .010)

Others 9.2 (23) 2.8 (7) 6.4 (2.8, 10; .006)

G2 (P) 12.20 (.002)

SI 62.5 (157) 43.0 (108) 19.5 (13.9, 25.1; �.001)

90 NSI 28.3 (71) 54.2 (136) �25.9 (�32.1,�19.7; �.001)

Others 9.2 (23) 2.8 (7) 6.4 (2.8, 10; .006)

G2 (P) 53.49 (�.001)

SI 62.5 (157) 43.0 (108) 19.5 (13.9, 25.1; �.001)

85 NSI 28.3 (71) 54.2 (136) �25.9 (�32.1, �19.7; �.001)

Others 9.2 (23) 2.8 (7) 6.4 (2.8, 10; �.001)

G2 (P) 53.49 (�.001)

SI 62.5 (157) 61.8 (155) 0.8 (�4.9, 6.5; .786)

80 NSI 28.3 (71) 35.5 (89) �7.2 (�13.7, �0.6; .034)

Others 9.2 (23) 2.8 (7) 6.4 (2.8, 10; .001)

G2 (P) 11.86 (.003)

SI 69.3 (174) 61.8 (155) 7.6 (2.1, 13.1; .008)

75 NSI 21.5 (54) 35.5 (89) �13.9 (�20.2, �7.7; �.001)

Others 9.2 (23) 2.8 (7) 6.4 (2.8, 10; .001)

G2 (P) 19.87 (�.001)

SI 69.3 (174) 61.8 (155) 7.6 (2.1, 13.1; .008)

70 NSI 21.5 (54) 35.5 (89) �13.9 (�20.2, �7.7; �.001)

Others 9.2 (23) 2.8 (7) 6.4 (2.8, 10; .001)

G2 (P) 19.87 (�.001)

a PASS�Postural Assessment Scale for Stroke Patients, SFPASS�short-form PASS, MDC�minimal
detectable change, SI�significant improvement, NSI�nonsignificant improvement, DP�difference of
proportions.
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observed in each patient has to be
greater than random measurement
error [eg, MDC]).

There were 2 limitations in this
study. First, our patients were fol-
lowed at the subacute stage. Only a
few patients, as expected, deterio-
rated during the follow-up periods.
Thus, the differences in the abilities
of the 2 measures to detect deterio-
ration remain unknown. Second, the
scores of the SFPASS were retrieved
from those of the PASS. Future stud-
ies are needed to validate our find-
ings using the PASS and SFPASS
independently.

In brief, the individual-level respon-
siveness of the PASS was better than
that of the SFPASS, so the PASS is
recommended for clinical trials and
clinical settings. Future studies
using the PASS should report the
individual-level effect (ie, number of
patients scoring greater than MDC)
in addition to the group-level effect
(eg, effect size) in order to compre-
hensively report the effects of clini-
cal trials.
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Appendix.
Five-Item Short-Form Postural Assessment Scale for Stroke Patients (SFPASS) and Criteria for Scoring

Item Scoring Criteria

1. Sitting on the edge of the table to supine positiona

2. Supine position to sitting up on the edge of the tablea

3. Sitting to standing up
4. Standing up to sitting down

0�cannot perform the activity
1.5�can perform the activity with helpb

3�can perform the activity without help

5. Standing on nonparetic leg (no other constraints) 0�cannot stand on nonparetic leg for a few seconds
1.5�can stand on nonparetic leg for a few seconds (but less than 10 seconds)b

3�can stand on nonparetic leg for more than 10 seconds

a Items 1 and 2 are administered with a 50-cm-high examination table such as a Bobath plane; item 3 is administered without any support; no other
constraints.
b The middle level of the SFPASS is created by combining the middle 2 levels (1 and 2) of the original PASS.
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