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Background. The Brief Balance Evaluation Systems Test (Brief-BESTest) was recently
proposed as a clinical tool for quickly measuring balance disorders, but its measurement
properties warrant investigation.

Objective. The study objective was to perform a detailed analysis of the psychometric
properties of the Brief-BESTest by means of Classical Test Theory and Rasch analysis.

Design. This was an observational measurement study.

Methods. Brief-BESTest data were collected from a sample of 244 participants. Internal
consistency was analyzed with the Cronbach � and item-to-total correlations. Test-retest
reliability and interrater reliability were investigated in a subgroup of 21 participants. The
minimum detectable change at the 95% confidence level was calculated. Scale dimensionality
was examined through Horn parallel analysis; this step was followed by exploratory factor
analysis for ordinal data. Finally, data were examined using Rasch analysis (rating scale model).

Results. The Cronbach � was .89, and all item-to-total correlations were greater than .40.
Test-retest reliability had an intraclass correlation coefficient (ICC) (2,1) of .94, and interrater
reliability had an ICC (2,1) of .90. The minimum detectable change at the 95% confidence level
was 4.30 points. The unidimensionality of the test was confirmed, but 1 item showed low
communality. Rasch analysis revealed the inadequacy of response categories, 5 misfitting
items, minor mistargeting, moderate person reliability (.80), and 2 pairs of locally dependent
items.

Limitations. The sample was a cross-section of people who had balance disorders from
different neurological etiologies and were recruited consecutively at a single rehabilitation
facility.

Conclusions. The Brief-BESTest was confirmed to have some acceptable-to-good reliability
indexes when calculated according to Classical Test Theory, but the scale showed fairly limited
sensitivity to change. Rasch analysis indicated that item selection should be improved from a
psychometric point of view. Item redundancy needs to be reduced, and the metric coverage
of the measured construct needs to be improved with new items.
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Balance control depends on the
interplay of peripheral inputs inte-
grated in the central nervous sys-

tem, leading to a variety of coordinated
motor responses aimed at maintaining
postural stability.1 The control of posture
can be affected in various ways, either as
a consequence of disease, such as
peripheral neuropathy,2–4 Parkinson dis-
ease,3,5–11 and stroke,12 or through
aging.13 Therefore, measuring balance
performance is complex and warrants
the investigation of different types of
postural tasks to accurately describe the
neural processes underlying balance con-
trol.14 In view of this need, a systems
framework for postural control was pro-
posed,15,16 and, accordingly, a new
36-item balance test—the Balance Evalu-
ation Systems Test (BESTest)—was
introduced.17

However, some possible drawbacks, in
terms of item redundancy and the
lengthy test duration, were found with
the new test.18 For addressing these
potential limitations, 2 short versions of
the BESTest have been published: the
Mini-BESTest18 and the Brief-BESTest.19

The Mini-BESTest is a unidimensional
14-item version focused on assessing
dynamic balance and was produced with
the aid of factor analysis and Rasch anal-
ysis. In contrast, the Brief-BESTest con-
sists simply of 1 item from each of the 6
balance domains of the BESTest.

Until now, only a few studies of limited
sample size19–22 have assessed some of
the psychometric properties of the Brief-
BESTest according to the Classical Test
Theory approach. From these studies, it
was concluded that the Brief-BESTest
was a promising instrument, with inter-
rater and test-retest reliability values
ranging from .92 to .99 and internal con-
sistency values ranging from .86 to
.92.19,22 Moreover, for prospective fall
prediction accuracy over 6 months, the
area under the receiver operating char-
acteristic curve was 0.88, the sensitivity
was 0.71, and the specificity was 0.87.20

Similar values were observed for retro-
spective fall prediction accuracy in peo-
ple who had Parkinson disease and
reported at least one fall; the area under
the receiver operating characteristic
curve was 0.82, the sensitivity was 0.76,

and the specificity was 0.84.20 Moreover,
a Spearman � correlation of .81 (P�.001)
was found with the Activities-specific
Balance Confidence Scale and, with
regard to the sensitivity to change, the
standard error of measurement and the
minimum detectable change were 1.13
and 2.55 points, respectively.22

According to the authors of the original
Brief-BESTest,19 the items selected were
those that were considered to be the
most representative on the basis of item-
to-total correlations. However, it has
been well established that caution about
possible weaknesses of the measurement
properties of a shortened instrument is
warranted, particularly when the reduc-
tion has been obtained through the Clas-
sical Test Theory approach.23,24 Other
psychometric strategies, such as Rasch
analysis, should be applied if the goal is
to select the smallest number of items
while optimizing the technical quality of
an outcome measure.25 Rasch analysis
allows assessment of how well an item
performs in terms of its relevance or use-
fulness for measuring the underlying
construct, the amount of the construct
targeted by each question, the metric
coverage of the construct, the possible
redundancy of an item relative to other
items in the scale, and the appropriate-
ness of the response categories.26–28

Not unexpectedly, a letter to the editor
examining the scale with Rasch analy-
sis29 raised a series of concerns about the
structure and functioning of the Brief-
BESTest. Therefore, a more in-depth eval-
uation of this new balance assessment
scale, supported by detailed statistical
analysis in an adequate sample of people
with balance deficits, is warranted.

The aims of our study were to evaluate
the psychometric properties of the Brief-
BESTest by means of both Classical Test
Theory and Rasch methods and to com-
pare the results of the 2 methods. To test
the appropriateness of the scale as a
general-purpose tool for the measure-
ment of balance disorders, we collected
data from a sample of people who had
balance disorders from different neuro-
logical etiologies and were recruited
through a consecutive sampling method
at a single rehabilitation facility. This

sample was representative of the spec-
trum of people who have neurological
diseases and usually attend departments
of rehabilitation.30

Method
Participants
Between October 2012 and January
2014, a sample of 270 people who had
balance disorders from different etiolo-
gies and were admitted to the Division of
Physical Medicine and Rehabilitation and
the Division of Neurologic Rehabilitation
of the Salvatore Maugeri Foundation, Sci-
entific Institute of Veruno, Novara, Italy,
a free-standing rehabilitation facility,
were administered the Brief-BESTest.
Potential participants had been referred
from surrounding acute care hospitals
and by general practitioners and had
been screened for rehabilitation poten-
tial. The inclusion criteria were an ability
to maintain an upright position without
support for 5 seconds, an ability to
understand the required motor tasks, no
hip or knee replacement in the preced-
ing 6 months, and no recent bone frac-
ture. Of the 255 people fulfilling the
inclusion criteria, 6 declined to partici-
pate and 5 did not complete the assess-
ment (3 because of fatigue and 2 because
of back pain).

The final study population consisted of
244 participants (55% men) with a mean
age of 65.3 years (SD�14.9) and a
median age of 69 years (range�21–90).
Their clinical characteristics are shown
in Table 1. Our sample was composed
mostly of Italians (95%) from zones with
a population density of less than 300
inhabitants/km2 (Piedmont area). The
participants’ mean education was 6.5
years (SD�3.2, range�4–18). All partic-
ipants signed an informed consent
statement.

All participants were tested at admission
randomly by 1 of the 3 physical thera-
pists involved in the study. The physical
therapists had at least 10 years of expe-
rience in assessment and treatment of
patients with neurological conditions.
They also had experience in BESTest
administration and daily administration
of balance scales such as the Mini-
BESTest and the Berg Balance Scale. They
had been specifically trained in balance
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assessment with the Brief-BESTest during
a course consisting of three 1-hour
sessions.

Assessment With the
Brief-BESTest
The Brief-BESTest is a balance assess-
ment instrument comprising all 6 dimen-
sions of the original BESTest (biome-
chanical constraints, stability limits,
anticipatory adjustments/transitions, re-
active postural responses, sensory orien-
tation, and dynamic gait). Theoretically,
it is a 6-item scale, because one item from
each subsection of the BESTest system
was selected on the basis of the highest
item-to-total correlation coefficients
within each respective section. How-
ever, because the items related to antic-
ipatory adjustments/transitions and reac-
tive postural responses include both
right and left components, the full scale
actually consists of 8 items. The items are
administered and scored according to
the original test instructions,19 with a
4-level rating scale ranging from 0 to 3,
with 0 representing severe balance
impairment (or inability to perform the
task without falling) and 3 representing
no balance impairment. Thus, the maxi-
mum possible total score for the Brief-
BESTest is 24,19 with higher scores indi-
cating less severe balance impairment.

Data Analysis
Sample size requirements were deter-
mined according to the planned statisti-
cal analysis and are described in detail in
the corresponding sections.

Classical Test Theory. Reliability
analysis includes the evaluation of inter-
nal consistency and repeatability to test
whether a scale ensures stable and objec-
tive measurements. The internal consis-
tency of the Brief-BESTest was analyzed
first with the Cronbach � coefficient (a
minimum � value of .90 is recommended
for individual judgments, and a value of
.95 is desirable31). The Cronbach � for
ordinal data was calculated32 from the
polychoric correlation matrix with the
computation method for ordinal data.33

Next, we verified the item-to-total corre-
lation, that is, the correlation between
each single-item score and the overall
assessment score, omitting this item
from the total. A Spearman � coefficient
of greater than .40 was considered to be
the minimum value for an acceptable
item-to-total correlation.34

The repeatability of the Brief-BESTest
was assessed by means of test-retest and
interrater reliability with the intraclass
correlation coefficient (ICC [2,1]) mea-
sure.35 Intraclass correlation coefficients

exceeding .90 were considered to be rea-
sonable for clinical measurements.35 The
sample size required was determined on
the basis of a pilot study, with the expec-
tation of obtaining ICCs of about .90 and
a 95% confidence interval (CI) close to
.2.36 A minimum number of 21 partici-
pants was needed. Therefore, a sub-
group of 21 participants was assessed
with the Brief-BESTest twice, at admis-
sion and within 24 hours (before the first
rehabilitation sessions), to study test-
retest reliability. At admission, the same
subgroup of participants was evaluated
in turn by 3 physical therapists to assess
interrater reliability.

To investigate the size of the measure-
ment error and, consequently, the sensi-
tivity of the Brief-BESTest to change, we
calculated the standard error of measure-
ment and its 95% CI on the basis of the
analysis of variance used to produce the
ICC.37 Then, the minimum detectable
change was obtained with the following
formula: standard error of measure-
ment � z value � �2. The minimum
detectable change at the 95% confidence
level (MDC95) was established for a z
value of 1.96.

We investigated dimensionality using an
exploratory approach. The sample size
calculation for exploratory factor analy-
sis38 took into consideration 2 general
recommendations: a minimum of 200
cases and a participant-to-item ratio of
20:1. On the basis of the participant-to-
item ratio, because the Brief-BESTest is
an 8-item scale, we would have had to
include at least 160 participants. The
Kaiser-Meyer-Olkin measure of sampling
adequacy was used as a measure of the
appropriateness of factor analysis. A
Kaiser-Meyer-Olkin value of greater than
0.60 is required, and a value of 0.90 is
considered to indicate perfect appropri-
ateness.39 Parallel analysis40,41 was
applied to identify the number of dimen-
sions (factors) measured by the items of
the scale. Then, the contribution of each
item to the identified factors was evalu-
ated with exploratory factor analysis for
ordinal data. If an item has a communal-
ity of less than 0.40, it may not be related
to the other items, or an additional factor
should be explored.42,43

Table 1.
Clinical Characteristics of Participants

Diagnosis
Age (y),
X (SD)

Participants Brief-BESTest Score

n (%)

No. of
Men/

Women
First

Quartile Median
Third

Quartile

Stroke (acute) 65.0 (13.6) 50 (20.5) 31/19 0 2 7

Stroke (chronic) 70.6 (11.8) 21 (8.6) 10/11 4 8 11

Parkinson disease 71.0 (9.5) 72 (29.5) 41/31 6 10 15

Cerebellar ataxia 57.8 (20.6) 29 (11.9) 16/13 4 7 13

Sensorimotor
polyneuropathy

56.7 (14.5) 16 (6.6) 8/8 4 7 9

Multiple sclerosis 48.1 (12.9) 16 (6.6) 9/7 3 8 13

Vestibular disorder 71.5 (12.6) 14 (5.7) 6/8 8 10 14

Diffuse encephalopathy 66.3 (15.1) 12 (4.9) 6/6 3 7 11

Central nervous system
neoplasm

69.4 (8.1) 5 (2.0) 0/5 2 5 8

Traumatic brain injury 59.8 (16.5) 6 (2.5) 4/2 5 13 18

Myopathy 53.0 (9.5) 3 (1.2) 2/1 2 3 6

All participants 65.3 (14.9) 244 (100) 133/111 3 8 13
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Rasch analysis. We examined the
responses to the Brief-BESTest items
using Rasch analysis with a rating scale
model. The sample size required to pro-
vide 99% confidence that no item calibra-
tion was more than �0.5 logit away from
its stable value was 243.44 The analysis
was run according to the following 5
steps.

First, we performed a rating scale diag-
nostic to verify whether the response
categories (from 0 [unable to perform] to
3 [normal performance]) for each item of
the scale were being used effectively and
consistently, according to the following
5 guidelines26,45: at least 10 cases per
category; even distribution of category
use; monotonic increases in both the
average measure across rating scale cat-
egories and thresholds (ie, the ability lev-
els at which the response to either of 2
adjacent categories was equally likely);
category outfit mean square (MnSq)
value of less than 2; and threshold differ-
ences of greater than 1.10 logits and less
than 5 logits.

In the second step, we estimated the
item difficulty and person ability mea-
sures, expressed on a linear logit scale.
According to Rasch theory, in principle,
people of medium ability should agree
(or have success) with the easier items
and disagree (or fail) with the more dif-
ficult ones. We also examined the data
for floor and ceiling effects. Then, we
assessed internal construct validity by
determining how well the empirical data
fit the Rasch model.27,28 In line with Lina-
cre’s recommendations,46,47 infit and
outfit MnSq values between 0.80 and
1.20 were considered to indicate accept-
able fit, and more emphasis was placed
on infit values than on outfit values for
identifying misfitting items. An MnSq of
greater than 1.20 indicates that the data
are unexpected compared with the pre-
dictions of the model. Such is the case
with underfitting items, which could
degrade the measurement system. An
MnSq of less than 0.80 indicates that the
data are more predictable than expected
from the model. In this case, items are
considered overfitting, and their pres-
ence might produce misleadingly good
reliabilities and separations.

In the third step, we estimated person
reliability and item reliability. Person reli-
ability and item reliability coefficients
range from 0 to 1 and are often inter-
preted in a manner similar to that used
for the Cronbach �. The main difference
is that the estimate of reliability in Rasch
models is based on a procedure that
acknowledges discrete data properties,
rather than treating the data as continu-
ous raw scores, as is done in Classical
Test Theory methods. Reliability also can
be expressed in terms of a separation
index, with a range from 0 to infinity,
indicating the reproducibility of relative
measure location—that is, how well one
can differentiate between different per-
son or item performances along the mea-
surement construct. A separation index
of greater than 1.50 is considered to be
the minimum acceptable separation
index, whereas a separation index of 2
enables the distinction of 3 statistically
detectable groups or strata of measures,
according to the following formula:
(4G � 1)/3.28

The fourth step addressed dimensional-
ity and local item dependence through
principal components analysis (PCA) of
the standardized residuals. For confirma-
tion of the unidimensionality of the
scale, the variance explained by the mea-
sured construct (ie, the Rasch factor)
should be greater than 50%, whereas the
variance explained by the first residual
factor should be less than 10%, with an
eigenvalue lower than 3.46,48 We calcu-
lated the correlations of standardized
residuals to test local independence
between items. A high correlation
(�.30) of residuals for 2 items indicates
that they may be locally dependent,
either because they duplicate some fea-
ture of each other or because they both
incorporate some other shared
dimension.28

In the last step, we performed a differ-
ential item functioning (DIF) analysis to
search for possible differences resulting
from context effects between the mea-
sures obtained for different subgroups of
participants.49,50 We defined 2 catego-
ries: sex (men versus women) and age
(�69 years old versus �69 years old, 69
years being the median age). We investi-
gated DIF by calibrating the scale for

each group separately to obtain an esti-
mate of the item difficulties for each
group and using, as anchor values, the
person calibrations for the entire sample;
then, we performed pair-wise t tests
between the 2 sets of item difficulties
(2-sided � of �.05, with Bonferroni cor-
rection, depending on the number of
comparisons). The a priori hypothesis
was not to find DIF between the ana-
lyzed groups.

Statistical software. The results of
the Classical Test Theory analysis were
analyzed with STATA V.12 (StataCorp LP,
College Station, Texas). Rasch analysis
was run with Winsteps Rasch measure-
ment computer program 3.68.2 (Win-
steps, Beaverton, Oregon).47

Role of the Funding Source
This study was supported, in part, by
a Ricerca Finalizzata grant (RF-2010-
2312497) from the Italian Ministry of
Health and by a PRIN 2010–2011 grant
(2010R277FT from the Italian Ministry of
Education, University, and Research).

Results
Table 1 shows that different neurological
conditions were represented in our sam-
ple; the mean age across the participant
groups ranged from about 48.1 to 71.5
years. For the entire sample, the median
of the Brief-BESTest raw scores (entire
potential range�0–24) was 8 (interquar-
tile range�3–13), with a skewness of
0.60 and a kurtosis of 2.60.

Classical Test Theory
Reliability and sensitivity to change.
The Cronbach � value for the Brief-
BESTest was .89. Item-to-total correla-
tions (Tab. 2) ranged from .47 (item 1,
“hip/trunk lateral strength”) to .70 (items
4a and 4b, “compensatory stepping lat-
eral, left” and “compensatory stepping
lateral, right,” respectively).

For the test-retest reliability of the Brief-
BESTest, the ICC (2,1) was .94 (95%
CI�.86,.97); for the interrater reliability,
the ICC (2,1) was .90 (95% CI�.81, .96).
The standard error of measurement of
the Brief-BESTest was 1.55 points (95%
CI�1.28, 2.10), and its MDC95 was 4.30
points (95% CI�3.56, 5.83)—represent-
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ing 6.5% and 17.9% of the total score of
the scale, respectively.

Dimensionality. The Kaiser-Meyer-
Olkin measure of sampling adequacy,
equal to 0.86, revealed the adequacy of
the data matrix for factor analysis. The
results of the parallel analysis supported
a unidimensional underlying response
structure, because only the eigenvalue of
the first factor from our data was larger
than the related 95th percentile eigen-
value from the random data, accounting
for 63% of the explained variance. Item
loadings for the single-factor solution are
shown in Table 2. Item 1 (“hip/trunk
lateral strength”) and item 2 (“functional
reach forward”) showed the lowest com-
munalities (0.30 and 0.43, respectively)

(see also Rasch analysis results on
dimensionality).

Rasch Analysis
Rating scale category functioning.
The rating scale (from 0 to 3) fulfilled
only 3 of the 4 category functioning cri-
teria detailed in the Method section.45

In particular, the response categories
included a minimum of 229 responses
(category 3, no balance impairment) to a
maximum of 708 responses (category 0,
severe balance impairment); the average
measure across rating scale categories
and thresholds increased monotonically;
and the outfit MnSq values for each cat-
egory were less than 2. Concerning the
fourth criterion, Figure 1 shows that the

thresholds—that is, the ability levels at
which the response to either of 2 adja-
cent categories was equally likely—were
at 	0.91, 	0.44, and 1.35 logits. These
thresholds showed that category 1 occu-
pied a narrow interval of the latent vari-
able, raising concerns about the rating
scale category definition.

Internal construct validity: data fit,
item difficulty, and person ability
estimates. Table 3 shows both item
difficulty measures and fit information.
The easiest item was 2 (“functional reach
forward”), and the most difficult items
were 3a (“one-leg stance, left”) and 3b
(“one-leg stance, right”). Five of the 8
Brief-BESTest items misfit the underlying
construct. More exactly, item 1 (“hip/
trunk lateral strength”) underfit the
model (infit and outfit MnSq values of
1.47 and 1.52, respectively), whereas
item 2 (“functional reach forward”) (infit
MnSq�0.76) and items 3a (“one-leg
stance, left”), 4a (“compensatory step-
ping lateral, left”), and 4b (“compensa-
tory stepping lateral, right”) (outfit
MnSq�0.74, 0.78, and 0.78, respec-
tively) overfit the model (Tab. 3).

Figure 2 shows the distributions of per-
son ability and item difficulty. The aver-
age item difficulty estimates covered a
limited range of 1.92 logits, and the dis-
tance between the threshold boundaries
was 4.18 logits (from 	2.11 to 2.07 log-
its; Fig. 2, horizontal arrows). Person
ability spanned 9.18 logits (from 	4.42
to 4.76 logits), with a skewed distribu-
tion. The mean person ability was situ-

Figure 1.
Category probability curves. The y-axis represents the probability (0–1) of responding to 1
of the 4 rating categories, and the x-axis represents the corresponding performance values,
calculated as person ability minus item difficulty and expressed in logits. The 3 thresholds
(vertical dashed lines)—that is, the ability levels at which the response to either of 2 adjacent
categories was equally likely—were at 	0.91, 	0.44, and 1.35 logits.

Table 2.
Item-to-Total Correlations and Factor Analysis of the Brief-BESTest

Section
Item

Number Item Description
Item-to-Total
Correlation

Exploratory Factor Analysis

Factor
Loading
Value Communality

I: biomechanical constraints 1 Hip/trunk lateral strength .47 0.55 0.30

II: stability limits 2 Functional reach forward .52 0.66 0.43

III: anticipatory adjustments/transitions 3a One-leg stance, left .62 0.77 0.60

3b One-leg stance, right .58 0.75 0.57

IV: reactive postural responses 4a Compensatory stepping lateral, left .70 0.84 0.70

4b Compensatory stepping lateral, right .70 0.85 0.72

V: sensory orientation 5 Stance with eyes closed, on foam surface .63 0.79 0.62

VI: dynamic gait 6 Timed “Up & Go” Test .69 0.82 0.67
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ated at 	0.92 logit (Fig. 2, M; SD�1.68)
from the average item difficulty, conven-
tionally set at 0 logits (Fig. 2, M
;
SD�0.62).27 Only 2 participants (0.8% of
the sample) achieved the maximum
score (ie, no balance impairment),
whereas 14 participants (5.7%) achieved
the minimum score (ie, severe balance
impairment). Therefore, there was no
evidence of a ceiling effect, but the per-
centage of participants with a minimum
score indicated a floor effect, to some
extent.48

Figure 3 shows the standard error of
measurement along the whole person
ability span; outside the item threshold
boundaries (from 	2.08 to �1.78), there
was a steep increase in these errors,
implying a loss of precision of the ability
measure.

The person reliability coefficient was
.80, and the person separation index was
2.01 (enabling the distinction of 3 detect-
able strata of person ability). The item
reliability coefficient was .98, and the
item separation index was 6.25.

Local item dependence and
dimensionality. The PCA of the stan-
dardized residuals revealed that the vari-
ance explained by the Rasch factor was
55.5% (26.6% explained by items and
28.9% explained by participants). The
variance explained by the first residual
factor was 11.6%, with an eigenvalue of
2.10. For 2 item pairs, items 4a (“com-
pensatory stepping lateral, left”) and 4b
(“compensatory stepping lateral, right”)

and items 3a (“one-leg stance, left”) and
3b (“one-leg stance, right”), the residual
correlations were high (.55 and .31,
respectively).

DIF analysis. No DIF was found in
terms of either sex or age (as separated
into 2 groups by the median age of 69
years).

Discussion
For valid decision making in clinical prac-
tice, high-quality outcome measures that
meet rigorous measurement standards
are required. The aim of the present
study was to evaluate the measurement
properties of the Brief-BESTest with the
goal of determining its appropriateness
as a general-purpose tool for the assess-
ment of balance disorders. To our knowl-
edge, this is the first study analyzing the
Brief-BESTest by means of both Classical
Test Theory and Rasch analysis in a wide
range of participants with balance disor-
ders, representing the spectrum of peo-
ple who usually attend departments of
neurological rehabilitation.30

The main result of the present study was
that Classical Test Theory and Rasch anal-
ysis highlighted several weaknesses of
the Brief-BESTest, in particular, with
regard to reliability issues and sensitivity
to change, rating scale category function-
ing, internal construct validity and clus-
tering of the item difficulty calibration,
and local item dependence. Overall, our
findings are in line with concerns raised
by a preliminary Rasch analysis evalua-
tion of the Brief-BESTest.29

Reliability and Sensitivity to
Change
In the present study, the Cronbach � was
found to be good for group-level compar-
isons but only borderline for individual
judgments in clinical settings.31 This
result is in line with findings reported by
the authors of the original Brief-BESTest
for 2 different cohorts of patients.19 We
checked measurement error through
reliability tests; we found good test-retest
and interrater reliability, as did Huang et
al22 for a sample of 28 people who sur-
vived cancer after chemotherapy treat-
ment. In the study by Padgett et al,19 the
interrater reliability of the Brief-BESTest
was higher; however, half of the small
sample in that study (n�20) consisted of
people who were healthy, the score dis-
tribution was negatively skewed, and
there was a clear ceiling effect.

Starting from the test-retest reliability,
we calculated the MDC95 of the Brief-
BESTest; the MDC95 indicated the small-
est change in a participant’s total score
that likely reflected a true change (rather
than measurement error alone) in bal-
ance ability. This value corresponded to
a 5-point change, which was quite high
(it represented about 20% of the 24-point
maximum scale range) and indirectly
revealed the low sensitivity of the tool to
change. In a recent study performed
with older people who survived can-
cer,22 higher MDC95 values were found
for the Brief-BESTest than for the Mini-
BESTest. However, to our knowledge,
the present study is the first to estimate
the sensitivity of the Brief-BESTest to

Table 3.
Item Difficulty Measures and Goodness-of-Fit Statistics for the 8 Items of the Brief-BESTest

Item
Number

Item
Description

Item
Difficulty

Model
SEa

Infit
MnSqb

Outfit
MnSqb

1 Hip/trunk lateral strength 0.21 0.09 1.47 1.52

2 Functional reach forward 	1.20 0.09 0.76 1.10

3a One-leg stance, left 0.72 0.10 0.82 0.74

3b One-leg stance, right 0.60 0.10 0.90 0.81

4a Compensatory stepping lateral, left 0.22 0.09 0.93 0.78

4b Compensatory stepping lateral, right 0.16 0.09 0.95 0.78

5 Stance with eyes closed, on foam surface 0.07 0.09 1.16 1.02

6 Timed “Up & Go” Test 	0.77 0.09 1.01 0.90

a SE�standard error.
b MnSq�mean square. Bold type indicates misfitting values.
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change by means of the MDC95 for a
large sample of people with neurological
conditions and balance disorders.

According to Rasch analysis, the person
separation index indicated that the scale
was just able to differentiate among 3
different strata of balance performance
(ie, normal, moderately impaired, and
severely impaired).28 As a comparison,
the Mini-BESTest is able to differentiate 5
strata of balance ability, from mild to
very severe deficits.51 The larger number
of strata in the Mini-BESTest than in the
Brief-BESTest suggests that the Mini-
BESTest may be better able to detect bal-
ance changes in individual patients
because of the natural course of the dis-
ease or treatment. Overall, Rasch analysis
clarified some reasons for the low poten-
tial of the Brief-BESTest for detecting
change; indeed, the sensitivity of a scale
to change is directly related to the distri-
bution of item difficulty calibrations and
rating scale thresholds relative to the dis-
persion of person measures before an
intervention.26 These points are dis-
cussed in the following text.

Rating Scale Category
Functioning
Rating scale diagnostics revealed that the
category rating scale (from 0 to 3) of the
Brief-BESTest requires some refinement,
probably through a reduction of catego-
ries (from the original 4 to 3) by collaps-
ing misfunctioning category 1 (“mild”)
with an adjacent category (0 [“absent”]
or 2 [“moderate”]). This result is not sur-
prising. Category misfunctioning had
already been identified for the BESTest,18

and the development of the Mini-BESTest
revealed that the model best meeting the
criteria for category functioning was a
3-category rating scale—the only one
able to ensure that each rating category
was distinct from the others in represent-
ing a different balance ability.18 How-
ever, the suboptimal functioning of cat-
egory 1 also might have been an
idiosyncratic feature of the sample in the
present study; hence, further analysis of
the performance of the 4 rating catego-
ries is warranted.

Internal Construct Validity
The fit statistics results of the Rasch anal-
ysis revealed an unexpectedly high vari-

ability of responses related to “hip/trunk
lateral strength” (item 1). This result
means that item 1 does not belong to the
same construct as the other variables.
This finding is in line with that of the
previous factor analysis of the BESTest18:
item 1 (like the others related to biome-
chanical constraints) failed to load mean-
ingfully onto any factor. In addition, the
lowest item-to-total correlation in the
present study was associated with item
1. In our opinion, this item should be
deleted. In general, the section of the
BESTest related to biomechanical con-
straints (as well as the section related to
stability limits) warrants separate psy-
chometric studies. Biomechanical con-
straints are important facets of postural
control but appear to be independent of
the unidimensional construct related to
dynamic balance.

On the other hand, the infit values for
item 2 (“functional reach forward”) and,
to a lesser extent, the outfit values for
items 3a (“one-leg stance, left”), 4a
(“compensatory stepping lateral, left”),
and 4b (“compensatory stepping lateral,
right”) revealed an overfit—that is, an
overly predictable pattern. Linacre47 rec-
ommended that more emphasis should
be placed on infit values than on outfit
values for identifying misfitting items.
However, because overfit generally
should be ignored unless it is extreme,
the widespread overfitting behavior sug-
gested that these items did not provide
unequivocal information about the
respondents and tended to inflate person
reliability, although they did not degrade
the quality of the measurement.47 These
observations take on more significance
given that the person reliability coeffi-
cient of the Brief-BESTest in the present
study was acceptable but not high.

The distance between the average ability
of participants and the mean item diffi-
culty (about 1 logit; Fig. 2) revealed that
the Brief-BESTest items were difficult for
our participants. Conversely, a smaller
distance would have increased person
reliability, because the average ability of
participants and the mean item difficulty
were intertwined. Furthermore, the
spread of average item difficulties and of
extreme threshold boundaries was lim-
ited compared with the wide range of

Figure 2.
Person ability and item difficulty map of the
Brief-BESTest. A vertical line represents
the measure of the variable, in linear logits.
The leftmost column locates each person’s
ability, from higher (top) to lower (bottom)
ability. The rightmost column locates the rel-
ative difficulty of each item for this sample. A
higher item measure (item 3a) reflects more
difficulty in that item (higher score). By con-
vention, the average difficulty of items in the
test is set at 0 logits (indicated by M
), and
participants with average ability are located
at M. Horizontal dashed arrows indicate the
2 extreme threshold boundaries, and S and T
represent, respectively, 1 and 2 standard
deviations. Each point indicates one partici-
pant, and each hash mark indicates 2 partic-
ipants. CSL-L�compensatory stepping lat-
eral, left; CSL-R�compensatory stepping
lateral, right; FRF�functional reach forward;
H/T LS�hip/trunk lateral strength; SECF�
stance with eyes closed, on foam surface;
SL-L�one-leg stance, left; SL-R�one-leg
stance, right; TUG�Timed “Up & Go” Test.
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person ability estimates. These findings
were confirmed by analysis of the stan-
dard errors of measurement for the
Rasch model person ability estimates
(Fig. 3); they were higher than 0.5 to 0.6
logit in about 30% of the sample (mostly
from participants with the lowest bal-
ance ability and just marginally from
those with the highest ability). Accord-
ingly, in these 2 zones, the precision of
the ability measurement decreased
sharply with movement to one extreme
or the other.

Overall, the results indicate that the
Brief-BESTest does not have sufficient
items to optimally measure a wide range
of balance abilities. Indeed, for the best
test design, the distribution of item diffi-
culties must match the distribution of
person abilities. Conversely, Figure 2
shows the lack of such a match for par-
ticipants with a lower balance ability (ie,
higher impairment), located at the nega-
tive extreme of the logit scale (bottom
left). The addition of some less difficult
items is warranted. Finally, some Brief-
BESTest items share the same span of
difficulty, indicating potential item re-
dundancy and the risk for inflation of the
cumulative raw score when the scores of
individual items reflecting the same level
of ability are summated.27,28

Local Item Dependence and
Dimensionality
The presence of item redundancy in the
scale was confirmed by the PCA of stan-
dardized residuals. Although the PCA
revealed a substantial (although not
high) unidimensionality, it revealed 2
pairs of items with high local depen-
dence: items 3a (“one-leg stance, left”)
and 3b (“one-leg stance, right”) and
items 4a (“compensatory stepping lat-
eral, left”) and 4b (“compensatory step-
ping lateral, right”). This local depen-
dence, due to the logical relationship
between these 2 item pairs, also seemed
to be the reason for the relatively high
percentage of variance being explained
by the first residual factor (�10%).

A similar problem of high residual corre-
lation between BESTest items was found
and addressed, leading to the develop-
ment of the Mini-BESTest18; in that study,
to enhance the metric properties of the
scale, only the worst performance in
bilateral and locally dependent tasks was
scored.18,29 In any case, response depen-
dence between items in an outcome
measure should be avoided because it
inflates person reliability and gives a false
impression of measurement precision; in
addition, given that all other factors are

held constant (eg, the same number and
kind of items), there is less information if
responses are locally dependent than if
they are independent.52 Conversely,
valid sums from sets of items require
each item in the set to provide related
but independent information as
well as relevant but not redundant
information.53

In line with Rasch analysis, Classical Test
Theory methods also raised some con-
cern about the actual contribution of
item 1 (“hip/trunk lateral strength”) to
the underlying construct of the scale—
that is, balance control. Although parallel
analysis supported the unidimensionality
of the Brief-BESTest, exploratory factor
analysis revealed low communality for
item 1.

However, caution in generalizing these
results to different groups or settings is
warranted because of the selection crite-
ria of our sample, a cross-section of par-
ticipants who had balance disorders
from different neurological etiologies
and were recruited consecutively at a
single rehabilitation facility. Moreover,
the present study lacked a DIF analysis
by diagnosis because the variety of diag-
nostic categories with relatively small
numbers of participants with each
pathology would have yielded unreliable
estimates for most pathologies. For ade-
quate power, more participants equally
distributed among different diagnoses
would have been needed.

In conclusion, the aim of the present
study was to investigate a series of psy-
chometric properties of the Brief-
BESTest with stringent criteria, including
Rasch methods. The 3 main findings of
the present study can be summarized as
follows: (1) the Brief-BESTest confirmed
the presence of some acceptable to good
reliability indexes when calculated
according to Classical Test Theory, (2)
the Brief-BESTest showed fairly limited
sensitivity to change, and (3) the appli-
cation of Rasch methods to both analysis
of internal construct validity and PCA of
standardized residuals clearly indicated
that item selection in the Brief-BESTest
could be improved from a psychometric
point of view.

Figure 3.
Standard error of measurement (SE, expressed in logits) for the Rasch model person ability
estimates and cumulative percentage of participants at each level of ability. About 30% of the
sample had an SE of greater than 0.6 logit (from 	4.42 to 	2.08 logits and from 1.78 to 4.76
logits).
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More generally, to produce—starting
from the BESTest—a very short measure
of balance useful for a wide spectrum of
people with postural instability, further
research based on modern psychometric
approaches is needed. Such research
should reanalyze, in depth, both the
BESTest and the Brief-BESTest, with the
goals of minimizing item redundancy and
selecting a unidimensional pool of items
with coverage and technical quality sim-
ilar to or better than those of the
Mini-BESTest.18
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