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ABSTRACT. The objective of this study was to assess
the reliability of the Balance Scale. Subjects were
chosen from a larger group of 113 elderly residents
and 70 stroke patients participating in a psychometric
study. Elderly residents were examined at baseline, and
at 3, 6 and 9 months, and the stroke patients were
evaluated at 2, 4, 6 and 12 weeks post onset. The
Cronbach’s alphas at each evaluation were greater
than 0.83 and 0.97 for the elderly residents and stroke
patients respectively, showing strong internal consis-
tency. To assess inter-rater reliability, therapists treat-
ing 35 stroke patients were asked to administer the
Balance Scale within 24 hours of the independent
evaluator. Similarly, caregivers at the Residence were
asked to test the elderly residents within one week of the
independent evaluator. To assess intra-rater reliability,
18 residents and 6 stroke patients were assessed one
week apart by the same rater. The agreement between
raters was excellent (ICC=0.98) as was the consis-
tency within the same rater at two points in time
(ICC=0.97). The results support the use of the Bal-
ance Scale in these groups.

Key words: measurement, rehabilitation, stroke, geriatrics,
balance.

The Balance Scale consists of 14 items that require
subjects to maintain positions of varying difficulty
and perform specific tasks such as rising from a chair
and times stepping. Scoring is based on a subject’s
ability to perform the 14 items or movements inde-
pendently and meet certain time or distance require-
ments. Each item is graded 04, giving a total of 56.
The scale is portable, easy to administer, requires a
ruler and stopwatch as equipment and takes only 10—
15 min to complete.

The content of the Balance Scale was developed in
three phases, each surveying a different panel of

geriatric patients and health professionals (1). The
content is consistent with the definition that balance is
the ability to maintain an upright posture under a
variety of conditions. Individuals must be able to hold
positions of varying difficulty and to make appro-
priate postural adjustments for voluntary movements.
The Balance Scale is targeted to frail elderly and
patients undergoing rehabilitation, and is intended
to serve multiple purposes including: quantitative
description of ability, monitoring of patients’ pro-
gress over time and evaluation of the effectiveness of
interventions in clinical practice and research.

A preliminary assessment demonstrated high relia-
bility based on ratings of videotaped performances of
14 patients (1). Consequently, following the prelimin-
ary study, a full validation study was undertaken that
compared Balance Scale scores with clinicians’ judg-
ments, laboratory measures of sway, Tinetti Balance
Sub-scale scores (22, 23), use of mobility aids, and the
occurrence of falls in older adults. In addition, during
the early recovery period post stroke, changes in
Balance Scale scores were compared with changes in
functional status and motor performance. Results of
the validity testing in these groups have been
described elsewhere (2, 3).

The purpose of the present study is, therefore, to
report on the reliability assessment planned within the
full validation study using both elderly individuals
and patients with stroke. Reliability is basic to good
measurement because without consistent scoring it is
virtually impossible to demonstrate that scales or
instruments validly measure the intended concept or
property. In addition, because errors can occur with
each testing, high reliability is required when repeated
measurements are used to monitor the clinical status
of patients or evaluate the effectiveness of treatments.
It is therefore important to provide as much informa-
tion as possible on the measurement properties of new
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instruments to help potential users generalize the
findings to their own situations and nceds.

This study examines the reliability of the Balance
Scale when used in conditions that more closely
resemble clinical reality, with raters independently
scoring patients at different points of time. Testing
under less controlled test conditions incorporates
more sources of potential error, but the estimates
derived from such assessment offer more valuable
information to potential users on how to control
and interpret results.

Specifically, the objectives were:

1. To assess the internal consistency of the Balance
Scale when used with elderly residents and acute
stroke patients.

2. To assess the inter-rater reliability between pairs of
observers independently rating the same subject.

3. To assess the intra-rater reliability of the same
observer rating the same two points in time.

MATERIAL AND METHODS
Subjects and methods for testing internal consistency

The internal consistency of the Balance Scale was examined
within two inter-related longitudinal studies using older
adults living in a seniors’ residence and patients with a
recent stroke. The methods and criteria for subject selection
of the measnrement stndy have heen detailed elsewhere (3).
Briefly, the eligibility criteria for the first sub-study were:
aged 60 years and older, medically stable, independently
mobile with or without a walking aid, and willing to
participate in the study. Subjects were evaluated by indepen-
dent evaluators at baseline, and at 3, 6 and 9 months, and
were followed to one year.

In the second sub-study, patients with the diagnosis of
acute stroke were recruited in two large acute care hospitals.
Patients were cligible if they were: age 40 years and older,
medically stable, showing evidence of motor impairment,
living in the greater Montreal area and admitted to hospital
with an acute stroke of less than 14 days duration. Balance
Scale evaluations of the stroke patients were made at 2, 4, 6
and 12 weeks by the independent evaluators.

For descriptive purposes, research assistants assessed the
residents on the Barthel Index (19) and the Mini-Mental
State Exam (11). The 11 questions on the Mini Mental State
Exam (MMSE) address orientation, memory, language,
calculation, attention, and spatial ability. Total scores
range from 0-30. A score below 18 indicates definite
impairment whereas a score between 23 and 18 is suggestive
of mild cognitive dysfunction (4, 25). The Barthel Index
measures functional levels of independence by assessing 15
items related to self-care and mobility (13—16). Each item is
scored by determining whether the patient can perform the
requested activity independently, with assistance or super-
vision, or not at all. The scores for each item are summed and
the total can range from zero (complete dependency) to 100
(independence in terms of personal care). The index can also
be considered in terms of its two sub-scales. Self-Care (0-53)
and Mobility (0-47).
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Subjects and methods for testing inter and intra rater reliability

Elderly subjects and stroke patients were chosen for the inter
and intra-rater reliability study from the larger pool of
patients based on their willingness to undergo additional
testing and the availability of a caregiver to administer the
Scale within the appropriate time frame. The research
assistance also tried to select subjects from both patient
groups who represented the range of ability to balance.

To examine inter-rater reliability, the residents were
evaluated by two raters within one week. One rating was
performed by the independent evaluator at the time of a
scheduled follow-up evaluation. Within a week of this
evaluation, a second rating was done by a senior matron or
a nurse who was familiar with the subject. In the stroke
study, current care providers who were nurses or occupa-
tional or physical therapists were asked to administer the
Balance Scale within 24 hours of the independent evaluator.
The evaluations were carried out in both the general hospital
and in the rehabilitation facilities.

To assess intra-rater reliability, the Balance Scale was
administered twice by the same person, at least one week
apart for both elderly residents and patients with stroke. No
training was provided for the caregivers but they were able to
read through the Scale and ask questions. No effort was
made to standardize the location or other environmental
factors of the paired tests.

Analysis

Descriptive statistics were used to examine the baseline
sociodemographic and clinical characteristics of all the
subjects. In addition, the characteristics of the sub-groups
in the inter and intra-rater reliability study were compared
with the larger groups of elderly residents and stroke
patients.

Prior to assessing internal consistency, the magnitude and
direction of the Pearson’s correlation coefficients of each item
with every other item in the Balance Scale were examined in a
correlation matrix. The descriptive statistics for the items in
the Balance Scale also included the frequency distribution of
scores for each of the five response categories, the mean score
for each item and the item-to-total correlations.

Internal consistency was tested by Cronbach’s Alpha (6) at
each evaluation time. The underlying assumption of this
statistic is that each item is considered to be measuring the
same common concept and thus the sum is likely to give a
better estimate than any single item. The more the items
covary relative to the sum of their variance, the higher is the
Cronbach’s Alpha. Because the items should be correlated
with each other and the total score to capture the concept of
interest, this form of reliability is called internal consistency.
Cronbach’s Alpha is regarded as high if greater than 0.80. An
item-to-total correlation shows the degree of association
between each individual item and the total score of the
other items in the scale. An item-to-total correlation is
considered adequate if it is above 0.4.

To assess the consistency of the findings each aspect of the
analysis was repeated at each evaluation point for the two
study populations, the elderly residents and the patients with
a diagnosis of stroke.

To examine the reproducibility of the Balance Scale,
paired ratings for each subject in the inter-rating reliability
study were plotted to show the raw scores and extent of
agreement in scores for the elderly residents and patients with
stroke. A similar plot was made for the subjects in the intra-
rater study.



Inter observer and intra observer agreement were quanti-
fied with the intraclass correlation coefficient (ICC) (9, 10)
which has a range of 0 to 1 (perfect agreement). The ICC
estimates the magnitude of true variation between subjects
relative to the total variation in scores. The estimates for the
variance and derived for the analysis of variance. As the
inter-reliability assessment included different pairs of ratings
for each subject, the variance was obtained from a one-way
analysis of variance. However, when considering the intra-
rater reliability, the variance estimates were derived from a
two-way analysis of variance, using subjects and time as the
factors. Time was included to examine whether the sequence
of evaluation systematically influenced the scores. For exam-
ple, within a given pair, did the second test score tend to be
higher than the first?

The reliability estimates and confidence limits for the ICC
were performed for all subjects and separately for each
longitudinal study. Reliability coefficients of 0.80 and
above are generally considered high, but, when making
decisions about individuals, more stringent criteria are
recommended (17, 20).

RESULTS
Characteristics of the subjects

Table I displays the sociodemographic and clinical
characteristics of 113 elderly residents at entry to the
study. The residents were predominantly female
(83%), English speaking (90.3%) and well-educated
with an average of 12.6 years of schooling. Residents
had a mean of 3.9 (SD 1.4) conditions for which they
took, on average, 3.9 (SD 2.0) medications. The most
common conditions were cardiovascular diseases
(55.8%), hypertension (52.2%) and rheumatic dis-
eases (43.4%).
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Overall, the older adults were quite independent in
the basic activities of daily living with a mean Barthel
Index score of 98.3 (SD 4.2). The mean Balance Scale
score was 46-8 (SD 6.6) and the average Mini-Mental
State Examination score was within the normal range
for this age group, 27.9 (SD 2.7) out of a possible 30
points. Only 9 residents scored below 24, indicating
possible cognitive impairment.

Table II presents the sociodemographic and medi-
cal characteristics of the 70 stroke patients at entry to
the study. The mean age of the subjects was 71.6 years
and the majority (95.7%) lived at home prior to the
onset of the stroke. The proportion of males (51.4%)
to females was approximately equal, as was the side of
impairment. Patients had a mean of 2.6 (SD 1.4)
comorbid medical conditions for which they took on
average 3.8 (SD 1.9) medications.

As shown in Tables I and I, the 31 elderly residents
and the 36 stroke patients who participated in the
inter and intra rater reliability study displayed similar
characteristics to those of the larger group.

Internal consistency

The inter-item correlation matrices for the baseline
evaluation are displayed in Table III. Because all
elderly residents could sit unsupported, the relation-
ship of this item to each of the others and the total
score could not be tested. As shown in Table III, the
average inter-item correlation for the elderly residents

Table 1. Characteristics of the elderly residents at baseline

Elderly residents evaluated to
assess internal consistency

Elderly residents in inter- and
intra-rater reliability study

(n=113) (n=31)

Mean (SD) Mean (SD)
Age (years) 83.5 (5.3) 84.4 (5.0)
Education (years) 12.6 (3.9) 12.5 3.3)
Mean # diagnoses 39 (1.4) 38 (1.2)
Mean # medications 39 (2.0) 4.0 2.2)
Mental status (MMSE 0-30) 27.9 2.7 27.5 2.9)
Barthel Scores (0-100) 98.3 (4.2) 99.9 (0.4)
Sex Number (%) Number (%)
Female 93 (82.0) 23 (74.2)
Mobility aids
None 49 (43.3) 17 (54.8)
Cane outdoors 26 (23.0) ) (22.6)
Cane 29 (25.7) 7 (22.6)
Walker 9 (8.0) —
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Table I1. Characteristics of the stroke patients at baseline

Stroke patients evaluated to
assess internal consistency

Stroke patients in inter- and
intra-rater reliability study

(n=70) (n=36)

Mean (SD) Mean (SD)
Age (years) 71.6 (10.1) 72.4 9.1
Education (years) 8.6 (3.5) 10.1 (3.3)
# Comorbid conditions 2.6 (1.4) 29 (1.6)
# Medications 3.8 (1.9) 3.9 (2.0)
Sex Number (%) Number (%)
Female 34 (48.6) 18 (50.0)
Side of weakness

(47.7) 21 (58.3)

Left 32

was fairly low (0.34), but the corresponding Cron-
bach’s alpha was high, indicating that the items are
contributing additional information to the total score.
The results for the stroke patients show higher inter-
item correlations, with none below 0.40.

The analyses were repeated at each evaluation point
to assess the consistency of the results. Cronbach’s
Alpha were above 0.83 at each evaluation of the
clderly residents, suggesting that the scale is measur-
ing one underlying concept. In the stroke group,
Cronbach’s Alpha values were even higher (0.97 to
0.98) than in elderly residents and consistent at each
evaluation. All item-to-total correlations were above
0.62. The item-to-total correlations for both stroke
patients and elderly residents at baseline are shown in
Table IV.

Tandem standing and standing on one leg demon-
strated item-to-total correlations below 0.4 on two of
the four occasions. This means that in the sample of
elderly residents, a subject’s performance on these
items is not strongly related to scores for the remain-
ing items. However, because these same items worked
well for stroke patients and were above 0.4 for the
other two evaluation points, it was decided to retain
them. In both groups these two items had the lowest
mean score, indicating a greater degree of difficulty.

The internal consistency in both populations is
considered high. The relatively stronger internal con-
sistency and higher inter-item correlations in stroke
patients may be partially explained by the greater
intersubject variability in performance. The elderly
residents has narrower range of scores. For example,
93.8% of the residents received four points for stand-
ing unsupported. This uniformity of scores across
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subjects makes it difficult to obtain a high coefficient
for a correlation between two variables.

Inter-rater reliability

In total, 32 individual raters (one nurse, 21 physical
therapists, six occupational therapists, two senior
matrons and two physical therapy students) were
used to rate 35 stroke patients and 28 elderly resi-
dents in the inter-rater reliability study. Each patient
was evaluated twice, by random pairs of raters. The
Balance Scale scores for all the subjects covered the
entire range (0—56) of the scale and had a mean of 37.1
(SD 17.2), averaged over both ratings.

Fig. 1 shows the two ratings for each of the 28
elderly residents, arranged in order of the mean
Balance Scale scores. The scores ranged from 25 to
55. The paired scores appear consistent with most
ratings within a few points of each other. The worst
case showed a difference of eight points.

Fig. 2 presents the paired ratings for the 35 stroke
patients whose scores encompassed the entire range of
the Balance Scale (0-56). As in Fig. 1, cases are
arranged on the basis of the mean of the paired
ratings. The scores demonstrate generally good agree-
ment, but there are occasional differences in certain
subjects.

The intraclass correlation coefficient (ICC) was
used to quantify the agreement between the raters.
This statistic estimates the true variance between
subjects relative to the total observed variance in
scores. Variance estimates are obtained from the
one-way analysis of variance. Overall, when all sub-
jects were included, the ICC was 0.98 (95% CI lower
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Table IV. Corrected item-to-total correlations for
elderly residents and stroke patients at baseline

Elderly residents  Stroke patients

Scale item (n=113) (n=169)
Sit to stand 0.64 0.90
Standing 0.41 0.93
Sitting - 0.67
Stand to sit 0.63 0.91
Transfer 0.60 0.92
Stand eyes closed 0.56 0.89
Stand feet together 0.40 0.89
Arm reaching 0.46 0.92
Object pick up 0.53 0.88
Twisting 0.62 0.95
Turn 360° 0.60 0.86
Stepping 0.59 0.74
Tandem standing 0.38 0.80
One leg standing 0.44 0.70
Cronbach’s alpha 0.83 0.97

bound 0.97) indicating excellent agreement. When the
analysis was restricted to elderly residents and then
repeated for stroke patients, the respective ICCs were
0.92 (95% CI lower bound 0.85) and 0.98 (95% CI
lower bound 0.96).

Intra-vator voliahility

To assess intra-rater reliability, seven raters (five
physical therapists, one occupational therapist, and
one nurse), evaluated 24 stable subjects (18 elderly
residents and six stroke patients) twice, one week
apart. The range of Balance Scale scores was from
4-56 with an average of 46.0 (SD 11.0) over both

1 I.II.I::I

Balance Scale scores
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ratings. The paired ratings showed high levels of
agreement with 71% within two points of each other.
The ICC was used to assess the level of agreement
using information from a two-way analysis of var-
iance with subjects and time as factors. The ICC for
all subjects was 0.97 (95% CI 0.93 —0.99); whereas
elderly residents showed an ICC of 0.91 (0.80 —0.96)
and stroke patients an ICC of 0.99 (CI 0.94 —0.99).

DISCUSSION

The high levels of reliability demonstrated in this
study support the potential of the Balance Scale to
serve multiple purposes in research and clinical prac-
tice. The stringent requirements are especially desir-
able when measures are used to evaluate the
cffectiveness of interventions and monitor the status
of patients over time because clinically meaningful
differences may be small and errors may occur at each
testing. In research, any excess measuring errors will
adversely influence the sample size, cost of the study
and the power to detect a true treatment effect. In
clinical practice, reliability coefficients as high as 0.94
arc recommended when results of repeated tests will
be used to make decisions about individuals (17, 20).

The high estimates of inter-rater (ICC 0.98) and
intra-rater (ICC 0.97) reliability are more surprising
because they include errors from a variety of potential
sources that occur in real life. Raters may differ in how
closely they follow the written instructions. Caregivers
may rate higher than independent evaluators because
they know the patient did the task well on a previous
occasion. Patients may alter their performance
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Fig. 1. Paired Balance Scale scores for elderly residents in the inter-rater reliability study (n = 28).
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Fig. 2. Paired Balance Scale scores for stroke patients in inter-rater reliability study (7= 35).

because of fear, fatigue, cognitive impairment or lack
of motivation. Subject may also feel better and more
secure with someone they know as opposed to an
independent evaluator. Additionally, noise, visual
distractions, unsuitable furnishings and other envir-
onmental conditions may contribute to measurement
error in a performance-based instrument.

The generalizability of the results is strengthened by
the varied clinical characteristics of the subjects, the
diversity and lack of training of the raters, and the
lack of control of the test conditions. The majority of
caregivers participating in the study were physical
therapists, 66% and 71% of the raters in the inter
and intra-rater reliability studies, respectively. Some
were student therapists and others had been working
more than 30 years. The other professionals were
either nurses or occupational therapists. In addition,
at the home for the elderly, two paraprofessionals
called senior matrons participated in the study. The
raters received no formal training in the administra-
tion of the Balance Scale but they were asked to read
through all the items and ask questions as necessary.

In addition to the demonstrated inter and intra-
rater agreement, the Cronbach’s alpha estimates were
high in both elderly residents (>.83) and stroke
patients (>.97), indicating strong internal consis-
tency. Internal consistency is not essential for a
measuring instrument but it does facilitate the inter-
pretation of the test results. The primary advantage of
having multiple homogeneous items in the Balance

Scale is that it provides a basis for a more consistent
estimate of the ability of individuals to balance. The
overlapping of the confidence intervals for the ICC
and Cronbach’s alpha for each specific group, is
indicative of the shared assumptions of the two
types of reliability coefficients (5).

Although still considered in the high range, esti-
mates of reliability specific to the elderly residents
were consistently lower than those for the patients
with stroke. The explanation for this finding may
relate to the impact of a narrower range of scores on
the calculation of both Cronbach’s alpha and the
ICC. In the present study, the full range of scores
(0-56) was represented in the group of stroke patients
whereas the elderly residents showed less variability in
their scores (24-56).

When designing a reliability study, it is advisable to
include subjects representing the range of ability of the
target population to improve the generalizability of
the results. However, it is possible to have high overall
reliability across a wide range of scores and still
demonstrate some discrepancies that warrant clinical
concern. It is therefore important to examine the
descriptive information on mean scores and absolute
differences in addition to summary stastistics. For
example, when the paired ratings were ranked by
their mean score and then graphically displayed on
Fig. 2, scores or the stroke patients in the middle
ranges of ability showed greater absolute differences.
This finding may reflect an inherent inconsistency in
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the performances of some patients during the early
recovery period. Stroke patients must adjust to their
deficits and relearn basic motor skills, a process that is
associated with variability in performance. This varia-
bility may be more noticeable for patients who can
attempt all items but vary in the degree to which they
can meet the scoring criteria. A better estimate of their
ability would be the average of two or more tests.

One limitation of the study is that patients in the
low to mid ranges of ability following a stroke were
not adequately represented in the intra-rater study. It
was difficult to find stroke patients who were unlikely
to change during a one week period. Discrepancies of
possible concern to clinicians in the inter-rater relia-
bility study were few in number but further investiga-
tion can examine the variability in performance levels
in this group of patients and, if necessary, assess the
number of tests that must be averaged to give a
reliable result (10).

Another limitation is that the design of the study
did not permit an estimate of error variance for
specific types of raters. Nor do we know how much
training may be required for non-professionals
because most of the raters were physical or occupa-
tional therapists. Nonetheless, raters of different
professions and varying degrees of experience partici-
pates in the study, and any variation in their scoring
was included in the error mean square.

Table V compares the scoring methods and relia-
bility assessments of existing measures of balance.
Specific estimates of reliability are unavailable for
the Balance coding Scale (12) or the CTSIT (18, 21)
The Tinetti Balance Sub-scale (22-24) has not
reported the intra-rater reliability or the internal
consistency. In addition, little information is pro-
vided on the circumstances of inter-rater reliability
except to say that two observers agreed on 85% to
90% of the items (22, 23). The measure of functional
reach (7, 8) has demonstrated excellent inter-rater
(ICC 0.98) and test-retest (ICC 0.92) reliability in
the clinical setting for subjects who stand indepen-
dently. A single item test, however, is unlikely to be a
sufficiently comprehensive measure of a concept such
as balance.

Overall, the Balance Scale has undergone extensive
testing of its reliability in realistic clinical conditions.
Paired tests were made at different times of the day,
often in two separate locations with different furnish-
ings and noise levels or other distractions. Despite the
possible sources of variation, the Balance Scale
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demonstrated high reliability. When combined with
the findings related to validity (2, 3) there is now
considerable information available on the measure-
ment properties of the Balance Scale. It continues to
perform well relative to other measures. A direct
comparison with the Tinetti Balance sub-scale
showed that the Balance Scale discriminated more
efficiently among groups of elderly subjects using
different mobility aids (2). In addition, the only
other measure to demonstrate the ability to monitor
change in status was the measure of Functional Reach
(26), which is a component item of the Balance Scale.
The final test for an instrument is its use as an
outcome measure in a clinical trial evaluating the
effectiveness of treatments. Such trials are expensive
and cannot afford poor choices in measuring instru-
ments. The current knowledge of the properties of the
Balance Scale suggests it is ready for this test.

Conclusion

The Balance Scale has demonstrated high reliability
when tested in a variety of clinical and home settings
by raters who were given little specific training in the
administration of the test. The results provide infor-
mation for potential users on how well they can
generalize the findings to their patients. Overall, the
Balance Scale has undergone considerable testing and
its measurement properties support the use of the
instrument in clinical practice and research.
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