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Context: An assessment of postural control is commonly
included in the clinical concussion evaluation. Previous inves-
tigators have demonstrated learning effects that may mask
concussion-induced balance decrements.

Objective: To establish the test-retest reliability of the
Balance Error Scoring System (BESS) and to provide recom-
mendations that account for known learning effects.

Design: Test-retest generalizability study.
Setting: Balance research laboratory.
Patients or Other Participants: Young adults (n 5 48) free

from injuries and illnesses known to affect balance.
Intervention(s): Each participant completed 5 BESS trials

on each of the assessment dates, which were separated by 50
days.

Main Outcome Measure(s): Total score of the BESS was
used in a generalizability theory analysis to estimate the overall
reliability of the BESS and that of each facet. A decision study

was completed to estimate the number of days and trials
needed to establish clinical reliability.

Results: The overall reliability of the BESS was G 5 0.64.
The test-retest reliability was improved when male (0.92) and
female (0.91) participants were examined independently.
Clinically acceptable reliability (greater than 0.80) was estab-
lished when 3 BESS trials were administered in a single day or 2
trials were administered at different time points.

Conclusions: Learning effects have been noted in individ-
uals with no previous exposure to the BESS. Our findings
indicate that clinicians should consider interpreting the mean
score from 3 BESS administrations on a given occasion for both
normative data comparison and pretest and posttest design.
The multiple assessment technique yields clinically reliable
scores and provides the sports medicine practitioner with
accurate data for clinical decision making.
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Key Points

N Postural control is typically assessed as part of a concussion evaluation. However, learning effects may obscure balance
deficits resulting from concussion.

N Clinically acceptable reliability (greater than 0.80) was attained when the Balance Error Scoring System was administered
3 times on a single day or 2 times on different days.

C
urrent estimates1 of sport-related concussion indi-
cate that 1.6 to 3.8 million injuries occur in the
United States on an annual basis. The true injury

rate is likely much higher because more than 50% of
interscholastic football athletes do not report their injuries
to medical personnel.2 Assessing an athlete with a
suspected concussion is particularly difficult for the sports
medicine professional as a result of the array of clinical
outcomes associated with the injury and factors known to
affect them. For example, the athlete’s age3 and sex4 and
the location and magnitude of impact5 may all influence
injury severity and recovery. To best control for these
variables when identifying concussed athletes, sports
medicine organizations advocate using a battery of tests
that evaluate multiple aspects of cognitive functioning
known to be affected by the injury.6,7 Concussion has large
negative effects on measures of self-reported symptoms,
neurocognitive functioning, and postural control,8 with
each aspect of the test battery providing unique informa-
tion that supports the clinical examination.9

One postural control test developed with the explicit
intent of concussion assessment is the Balance Error
Scoring System (BESS). The BESS was created to provide
objective postural control information to the clinician

without the need for expensive equipment or extensive
training.10 The test uses 6 testing conditions under which
the administrator counts ‘‘errors’’ that represent poor
postural control. Five of the 6 test conditions generated
significant correlations with an instrumented balance
assessment,10 and on the BESS, concussed athletes
followed a recovery pattern similar to that seen on the
instrumented NeuroCom Sensory Organization Test.11,12

Multiple administrations of the BESS, however, may result
in improved balance performance (ie, fewer errors), which
has been associated with learning effects.13 As a result, the
test-retest reliability (intraclass correlation coefficient
[ICC]) of the BESS total error score has been reported at
0.70 in 9-year-old to 14-year-old youths.14 This reliability is
considered less than ideal for clinical applicability (ie, less
than 0.80),15 but the immature postural control mechanism
of the young participants16 and the athlete’s sex may have
influenced the findings.16,17 Further, although the use of
ICCs is a widely accepted measure of score reliability,18 this
statistical technique can only identify and quantify the total
variance within the system. A generalizability study (G
study), however, offers the advantage of describing the
variance associated with each aspect of the assessment.15

This technique is particularly useful when determining
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which components of a test are adding to the total
variance, and the technique establishes the level at which
a measurement sample generalizes to all assessments.

Relative to the concussion assessment, a baseline
measure is commonly administered at the beginning of
the athletic season and is then used as a reference point, if
needed, in diagnosing the injury during the season. When
using this type of protocol, we must consider 2 forms of
reliability. First, the reliability of the baseline measure must
be established. Without this information it will be difficult
to determine if the difference in the postmorbid measure-
ment is due to the head injury or is simply a random error.
This kind of reliability has been called single test
administration reliability and is established by a single test
administration.19 Second, the stability of the trait (ie,
balance) being measured has to be determined. Then a
difference observed during the season can be identified as
either a true change caused by injury or simply as growth
or decline over time. This kind of reliability has been called
stability and is established by a test-retest design. Using a G
study, variance from both reliabilities (ie, administration
reliability and stability) can be examined simultaneously.
Evaluation of these and other components (ie, facets)
permits the investigator to identify which factors provide
measurement variance. Manipulating those components
that induce the greatest variance into the system through a
decision study (D study) can help to determine a score’s
reliability when it is modified by increasing or decreasing
test components, test administrations, or other factors. By
altering 1 or more components, greater reliability of the
measurement can be established. A complete description of
generalizability analysis has been provided elsewhere.20–22

Therefore, to better understand the reliability of the
BESS in young adults, the purposes of this study were to
determine the sources of variance within the BESS and to
estimate the number of test administrations or trials needed
to establish a clinically acceptable level of test-retest
reliability. A secondary purpose of the study was to
examine the effect of each participant’s sex.

METHODS

A fully crossed design was used, in which all participants
tested were crossed with all the conditions examined. A total
of 48 young adults (age 5 20.42 6 2.08 years, height 5
169.67 6 9.60 cm, mass 5 72.56 6 12.77 kg) volunteered for
this study. Before testing, participants read and signed a
university-approved informed consent document and had
their height and mass recorded. All volunteers indicated that
they were unfamiliar with the BESS and that their balance
was unaffected by lower extremity injuries, medical condi-
tions, or medications known to affect postural control. After
an explanation of the BESS, each participant was then
administered the initial (baseline) BESS evaluation. The
participants returned approximately 50 days later (posttest)
for a follow-up evaluation and again indicated they were free
from balance problems. During the baseline and posttest
days, the participant completed 5 consecutive BESS
assessments. Approximately 10 to 20 seconds separated
BESS conditions, and BESS trials were separated by 2 to 3
minutes. The 50-day interval was selected to reflect the mean
time between a baseline evaluation and postmorbid concus-
sion assessment reported in an athletic environment.23

The BESS was administered as previously described.10

Briefly, the test requires the participant to complete 6
conditions consisting of 3 stances (double leg, single leg,
tandem stance) on both firm and compliant surfaces
(Balance Pad, Alcan Airex, Switzerland). Once the partici-
pant placed his or her hands on the iliac crests and closed his
or her eyes, the investigator recorded countable errors during
the 20-second trial. An error was indicated when the
participant removed the hands from the iliac crests, opened
the eyes, took a step, stumbled, abducted or flexed the hip
more than 306, lifted the forefoot or heel off the ground, or
remained out of the test position for longer than 5 seconds.
Before testing, all participants were informed of the errors
and were asked to stand as motionless as possible once in the
test position. The intertester reliability of the investigators
was determined to be 0.92 during pilot testing and is similar
to that in previous reports.10

We analyzed the data with a 2 3 10 (sex 3 time)
repeated-measures analysis of variance to discern changes
in BESS total error scores between the sexes and among the
test points. When main effects were indicated, all possible
pairwise comparisons were performed, with a Bonferroni
adjustment for familywise error. Significance was noted
when P , .05, and the analysis was completed using SPSS
(version 14.0; SPSS Inc, Chicago, IL).

The data were then analyzed using GENOVA (version
3.1; The University of Iowa, Iowa City, IA), software for
generalizability theory analysis.21 A 3-facet (participant 3
day 3 trial) model was defined, and the facets of day (D)
and trial (T) were set as random. Variance components
obtained by this fully crossed design of participants, days,
and trials are summarized in a Venn diagram (Figure 1).
To determine the combination of day 3 trial that generated
the most reliable measure, models included 1 and 2
assessment days, as well as up to 10 BESS trials in a given
day. To examine the effect of sex, the analyses were
conducted for all participants and for male and female
participants only.

Figure 1. Variance components obtained by the fully crossed
design of participants (P), days (D), and trials (T). Abbreviation:
e, error.
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RESULTS

The study cohort consisted of 25 male participants (age
5 20.88 6 2.74 years, height 5 176.23 6 7.25 cm, mass 5
79.90 6 10.74 kg) and 23 female participants (age 5 19.91
6 0.73 years, height 5 162.53 6 6.16 cm, mass 5 64.59 6
9.75 kg). Participants were evaluated an average of 49.42 6
1.29 days apart. Mean performance on each BESS trial for
each group is provided in Figure 2. The sex 3 time
interaction (F9,414 5 1.21, P 5 .29, g2

partial 5 0.03) and the
sex main effect (F1,46 5 1.90, P 5 .18, g2

partial 5 0.04) were
nonsignificant. The time main effect was significant (F9,414

5 12.87, P , .01). Post hoc analyses indicated that the
participants’ performance on the baseline trial 1 was
greater than that on all other trials (P , .05) and that
performance on posttest trial 5 was lower (P , .05) than
that of all other performances except for baseline trial 5
and posttest trials 2 and 3.

The G study results, including the variance components
and their contributions to the total variance, are shown in
Table 1. When all participants were analyzed together, the
G coefficient was estimated at 0.64. When the sources of
variance were evaluated, participants, days, and trials each
contributed approximately 10%. The interaction between
any 2 facets was also small, but the greatest variance
determinate was in the participant 3 day 3 trial
interaction (56.09%). Because concussion assessments

cannot be generalized but rather are specific to the
individual, further analyses were conducted when the data
were separated by participant sex.

The sex analyses revealed an increased G coefficient,
with the reliabilities rising to 0.92 and 0.91 for males and
females, respectively. The individual contribution of
variance by day and trial continued to be small (less than
10%). The sex-separated participant variance, however,
accounted for the largest source of variance. Of the total
variance, males accounted for 51.15% and females for
59.03%. Interactions among participants, day, and trial
were also small (Table 1).

The D study results show that reliability of the BESS
improved as the number of trials administered increased
(Table 2). A similar trend in trial performance was
observed in both male and female participants. When 1
day of BESS testing was considered, 3 administrations
provided acceptable reliability. Under these conditions, the
G coefficient was 0.81 for the males and 0.79 for the
females. When 2 days of testing were evaluated, with 2
BESS trials at each time point, reliability was sufficient (G
coefficient: males 5 0.85, females 5 0.82).

DISCUSSION

The BESS assesses postural control to generate objective
information that supports the clinical concussion evalua-

Figure 2. Balance Error Scoring System performance by sex at baseline and posttest for each test administration (trial). a Indicates
difference between baseline and trial. b Indicates difference from all other 10 tests except for baseline, trial 5, and posttest, trials 2 and 3.
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tion. Despite its use in the sports medicine community and
despite support from medical organizations,7 a thorough
appraisal of the test’s psychometric properties has yet to be
conducted. Previous investigators have shown that when
administered serially, the test-retest stability of the BESS
may be less than ideal for clinical applicability.13,24 Our
findings support the notion that BESS performance
changes as a result of learning effects associated with
multiple exposures (Figure 2). The findings also provide a
way to control for the balance improvements seen with
multiple test administrations. Specifically, when the test is
administered on a single occasion (eg, a postmorbid
assessment only), the mean score from 3 administrations
is necessary to obtain a stable measure of balance
performance (Table 2). The final mean value may then be
compared with normative data or an absolute criterion (if
available) and used in clinical decision making. When the
test is administered over 2 days and another source of
variability is taken into consideration, the BESS only needs
to be administered twice at each session. Similarly, the
scores from both days should be averaged and interpreted.
In doing so, the reliability of the test results increases to a
level deemed acceptable for clinical use and interpretation
(Table 2).

Improved performance between test administrations is
likely associated with the development of balance strategies
(ie, learning effects) related to multiple exposures to the
novel task. A 4-point improvement was noted when
preteen participants were evaluated 3 times over 5 days,13

and adolescent participants improved by approximately 3

points using a similar assessment timeline.24 The level of
improvement seen here did not approach levels reported
for younger participants, but our findings are similar to
those reported in collegiate athletes.25 Learning effects are
not uncommon to postural control assessments and have
been reported with other balance techniques used for
concussion assessment. Peterson et al26 reported a 10%
improvement in the NeuroCom Sensory Organization Test
composite balance score, which paralleled findings from
other investigators12,27 using identical assessment tech-
niques. These balance improvements were also associated
with multiple test exposures, but the authors did not
provide an explanation or strategy to reduce or account for
the learning effects. Recognizing and controlling for the
reduced test stability plays a vital role in making an
appropriate injury diagnosis and return-to-play decision.
For example, if athletes with concussions demonstrate
large learning effects, then subsequent improvements in
balance may mask decrements linked to the concussive
injury and result in an inaccurate diagnosis or a premature
return-to-play decision.

Improvements in postural control have been hypothe-
sized to occur through several mechanisms. Short-term
improvements may be related to shifts in the emphasis
placed on sensory information used in maintaining
balance. For example, under normal stance conditions,
vision plays an important role,28 but when the eyes are
closed and vision is removed from the postural control
process, greater weight is placed on the vestibular and
somatosensory mechanisms to maintain balance. Other
short-term changes may be associated with the balance
strategy an individual applies to complete a novel task.
This can be seen by comparing a firm base of support, on
which postural adjustments are made by slight anterior-
posterior adjustments at the ankle,29 with a compliant

Table 1. Generalizability Study Variance and Percentage of Total
Variance for Each Test Component (Participant, Day, Trial)

Effect df

Facet

Variance

Total Variance,

%

Standard

Error

All participants (n 5 48)

Participant

(P) 47 2.52 9.27 0.90

Day (D) 1 2.76 10.16 2.98

Trial (T) 4 2.76 10.15 3.06

P 3 D 47 0.00 0 0.69

P 3 T 188 0.00 0 1.08

D 3 T 4 3.89 14.33 2.43

P 3 D 3 T 188 15.23 56.09 1.56

Total 27.15 100

Males (n 5 25)

P 22 7.24 51.15 2.32

D 1 1.32 9.32 1.14

T 4 0.70 4.91 0.51

P 3 D 22 0.45 3.14 0.33

P 3 T 88 1.06 7.47 0.47

D 3 T 4 0.13 0.91 0.16

P 3 D 3 T 88 3.27 23.1 0.49

Total 14.16 100

Females (n 5 23)

P 24 7.92 59.03 2.4

D 1 0.26 1.92 0.30

T 4 0.36 2.65 0.36

P 3 D 24 0.42 3.16 0.33

P 3 T 96 0.62 4.65 0.43

D 3 T 4 0.28 2.08 0.24

P 3 D 3 T 96 3.56 26.51 0.51

Total 13.42 100

Table 2. Decision Study Summarya

Males (n 5 25) Females (n 5 23)

Day(s) of

Testing

Trials

per Day

General-

izability

Coefficient

Day(s) of

Testing

Trials

per Day

General-

izability

Coefficient

1 1 0.63 1 1 0.60

2 0.76 2 0.74

3 0.81b 3 0.79b

4 0.84 4 0.83

5 0.86 5 0.85

6 0.88 6 0.86

7 0.89 7 0.87

8 0.89 8 0.88

9 0.90 9 0.89

10 0.90 10 0.89

2 1 0.75 2 1 0.71

2 0.85b 2 0.82b

3 0.89 3 0.87

4 0.91 4 0.89

5 0.92 5 0.91

6 0.93 6 0.92

7 0.93 7 0.92

8 0.94 8 0.93

9 0.94 9 0.93

10 0.95 10 0.94

a Results are provided by 1 and 2 days of testing and single or multiple

Balance Error Scoring System trials per day.
b Indicates the level at which strong reliability is present.
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foam surface. In the new stance condition, the ankle
strategy becomes less effective and, thus, a different
balance strategy must be adopted, such as increased use
of the hip or knee joints. The long-term improvements in
balance noted between the baseline and posttest assess-
ments are likely related to adoption of the new balance
strategies developed during the initial test exposures.30

Performance improvements on a novel balance task are
inevitable and must be accounted for or controlled for in
the clinical environment. Our findings indicate that the
clinician should adopt a multiple-assessment model when
using baseline and follow-up protocols. This technique will
yield a stable and reliable balance assessment. However,
although completion of the BESS takes less than 5 minutes,
using this protocol increases the assessment time and may
not be feasible for those administering baseline assessments
to some large athletic teams. Depending on the setting, the
clinician may elect to account for learning effects through
statistical measures. The reliable change index has been
successfully implemented with the BESS to account for the
observed learning effects. One group14 recommended that
the postconcussion assessment on the BESS differ from
baseline by at least 4 points to be considered clinically
meaningful. A clear trend among our healthy participants
was improved balance performance with an increased
number of exposures (Figure 2), but the improvement did
not exceed 4 points between any 2 administrations. Future
authors should evaluate the sensitivity and specificity of the
BESS using the multiple-administration format described
here in a sample of concussed young adults.

Our findings also illustrate how to determine and
understand the reliability of a clinical measure using a
more advanced measurement method. Reliability is one of
the most confusing psychometric concepts in constructing
clinical measures. Often, the term reliability has been used
to describe all related efforts in understanding a test-taker’s
performance consistency. To quantify this concept, statis-
tical indexes such as the Pearson correlation or ICC are
used to describe the ‘‘reliability’’ of the measure. For
clinical measures like the BESS, single-test administration
reliability and trait stability should be distinguished.
Commonly used reliability coefficients, however, do not
provide adequate information to address this important
difference. Fortunately, G theory permits variance sources
other than random error to be identified (Table 1), so that
a specific type of reliability can be distinguished and
quantified. More importantly, this information can help
guide clinical practice. Specifically, the variance arising
from the number of administrations was evaluated to
determine the ideal number of trials needed for clinical
utility. For example, increasing the number of trials in the
BESS is more readily achieved and more practical than
increasing the number of days. Thus, 3 trials on a given
date are recommended for reliable assessment and decision
making. Generalizability theory adds strength to investi-
gations of reliability, warranting its use in future investi-
gations.

CONCLUSIONS

Assessing balance as part of a concussion management
protocol is supported by a variety of organizations.6,7

Balance tests are sensitive to concussion’s deleterious

effects and add to the overall sensitivity of the assessment
battery.9 In many instances, sports medicine professionals
commonly administer the tests, such as the BESS, during
the preseason, with the intent of performing follow-up
evaluations after a suspected concussion. When following
this protocol, we find it likely that multiple test exposures
may lead to improved balance, which may mask concus-
sion-related balance decrements. Clinicians should be
cognizant of this possibility. Applying G theory in this
investigation was a useful approach in defining compo-
nents of reliability and provided meaningful guidelines for
clinical practice. Using this approach, clinicians choosing
to implement the BESS should consider administering the
test 3 times on a given occasion and using the mean score
for interpretation and comparison to obtain the most
reliable and clinically applicable scores.
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