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Background: The ImPACT (Immediate Post-Concussion Assessment and Cognitive Testing) neurocognitive testing battery is
a popular assessment tool used for concussion management. The stability of the baseline neurocognitive assessment is important for accurate comparisons between postconcussion and baseline neurocognitive performance. Psychometric properties of
the recently released online version of ImPACT have yet to be established; therefore, research evaluating the reliability of this
measure is warranted.
Purpose: The authors investigated the 1-year test-retest reliability of the ImPACT online version in a sample of high school
athletes.
Study Design: Case series; Level of evidence, 4
Methods: A total of 369 varsity high school athletes completed 2 mandatory preseason baseline cognitive assessments approximately 1 year apart as required by their respective athletics program. No diagnosed concussion occurred between assessments.
Results: Intraclass correlation coefficients (ICCs) for ImPACT online indicated that motor processing speed (.85) was the most
stable composite score, followed by reaction time (.76), visual memory (.70), and verbal memory (.62). Unbiased estimates of reliability were consistent with ICCs: motor processing speed (.85), reaction time (.76), visual memory (.71), and verbal memory (.62).
Conclusion: The online ImPACT baseline is a stable measure of neurocognitive performance across a 1-year time period for high
school athletes. These reliability data for online ImPACT are higher than the 2-year ICCs previously reported from the desktop
version.
Clinical Relevance: It is recommended that the ImPACT baseline assessment (both desktop and online) continue to be updated
every 2 years. The online version of ImPACT appears to be a stable measure of neurocognitive performance over a 1-year period,
and systematic evaluation of its stability over a 2-year period is warranted.
Keywords: concussion; neurocognitive testing; reliability; ImPACT

The management of sport-related concussion has evolved
considerably over the past decade. Position statements
and consensus reports have consistently recommended an
objective, multifaceted approach to concussion evaluation
and management.2,12,24,25 These reports have also emphasized the utility of neurocognitive assessment as an objective measure to aid the sports medicine professional in

making return-to-play decisions. More specifically, serial
neurocognitive assessments that include baseline (ie, preinjury) and postinjury tests have been deemed best practice for monitoring the cognitive recovery of a concussed
athlete.20
The value of neurocognitive assessment for tracking
cognitive recovery after sports-related concussion was first
utilized in the multicenter Virginia Football Study,1,4
in which paper-and-pencil neurocognitive tests were
administered to assess changes in cognitive function from
preseason baseline to postconcussion. This within-groups
research design is now widely adopted, as it allows athletes
to serve as their own controls, which has made managing
concussion more individualized and specific to each concussed athlete. This model has been evaluated and supported by many researchers as an effective method of
assessing cognitive impairment following a concussion.14,15,32 However, the serial administrations of neurocognitive tests following concussion has highlighted the
need to control for practice effects, especially when using
tests that were not developed for these purposes.
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Furthermore, traditional paper-and-pencil neurocognitive
tests are quite costly and time-consuming for sports medicine practitioners testing entire teams or athletic programs.
To this end, computerized versions of neurocognitive assessment have been made available, which has decreased practice effects, increased test-retest reliability, and improved
scoring and administration of these test batteries.9
The Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT) battery is one of the most widely
used computerized neurocognitive test batteries for concussion management. This tool minimizes practice effects
through the use of multiple versions and has been evaluated for test-retest reliability. Specifically, Iverson et al16
found reliability coefficients for ImPACT composite scores
ranging from .67 to .85 over a 7-day test-retest timespan. Broglio et al5 examined test-retest reliability of
ImPACT over the course of 45- and 50-day retest intervals,
and reported intraclass correlation coefficients (ICCs)
ranging from .23 to .38 and .39 to .61, respectively. These
low ICC values may have been attributable to methodologic problems caused by administering 3 different computerized neurocognitive assessments in 1 test session. In
contrast to these findings, Miller et al26 found ImPACT
to be stable over a 4-month time period in football players
who were exposed to repetitive contact over the course of 1
season.
There are no consistent or evidence-based guidelines
regarding how often baseline neurocognitive tests should
be updated or readministered. As a result, there are conflicting and confusing recommendations in the literature:
some researchers have suggested that baseline assessments should be readministered after a concussion and
at the start of a new academic year,8,33 and others recommend an updated baseline every 2 to 3 years in younger
athletes (13-17 years of age) to account for cognitive maturation.9,33 Clearly, research evaluating the long-term reliability of baseline ImPACT assessments has been
warranted. Schatz29 evaluated the long-term test-retest
reliability of ImPACT in a sample of 95 collegiate athletes
who completed the ImPACT baseline assessment approximately 2 years apart without a concussion between the
assessment periods. The ICCs for the composite scores
were as follows: verbal memory, .46; visual memory, .65;
motor processing speed, .74; reaction time, .68; and total
symptom score, .43. Regression-based methods and reliable change indices revealed that less than 7% of the athletes showed a clinically significant change on 1 composite
score and only 5% to 10% of athletes demonstrated a clinically significant change in symptom reporting. These
results suggest that baseline ImPACT data remain stable
over a 2-year time period in collegiate athletes, so annual
re-evaluations may not be necessary.
The aforementioned reliability studies were conducted
using the ImPACT personal computer–based desktop version that was first released in 2000. More recently,
ImPACT launched an online-only version in 2008 to
address inefficiencies in program installation, data storage, and data encryption/security. This online version is
very similar to the desktop version of ImPACT, but the 2
systems are not identical.19 The online version is

programmed in Flash, and runs through a Web browser,
whereas the desktop version was programmed in FoxBase
Pro, and runs as a native program in Windows. From
a recordkeeping perspective, the online version stores all
data in a remote, password-protected database. In contrast, the desktop version stores data on a local computer
or network drive. From a user-input perspective, most
notably, the desktop version of ImPACT utilizes mouse
button input for the Xs and Os choice reaction time task.
This subscale contributes to the motor processing speed
and impulse control composite scores, often resulting in
‘‘invalid’’ baseline data because of left-right confusion.27
The new online version employs keyboard input on the
Xs and Os task, with the intention of decreasing left-right
mouse confusion.
Currently there are no data published on the stability of
the online ImPACT neurocognitive test battery. Given the
change from desktop to online, the stability of the online
baseline version of ImPACT should be assessed and compared with previous reliability data of the desktop version.
Therefore, the purpose of this study was to examine the
long-term test-retest reliability of baseline assessments
collected using the online ImPACT test battery, as a comparison with similar data collected using the desktop
version.29

METHODS
Participants
Participants were varsity high school athletes, ages 13 to
18 years (mean, 14.8 years), participating in a variety of
sports (see Table 1). Anonymous, deidentified data were
obtained from the ImPACT test developers for the purpose
of psychometric evaluation, and Institutional Review
Board approval was obtained for secondary data analysis.
All athletes completed 2 mandatory preseason baseline
cognitive assessments as required by their athletics program. Assessments were administered in high school computer laboratories in groups of up to 20 to 25 athletes, and
were supervised by either an athletic trainer or a member
of the school’s medical staff.
A total of 484 athletes completed preseason baseline
assessments approximately 1.2 years apart (range, 0.52.35 years). One hundred fifteen athletes were excluded
from the main analysis: 50 (10.3%) were not high school
athletes, 15 (3.1%) completed baselines less than 6 months
apart, and 12 (2.5%) were non–native English speakers. An
additional 38 (7.9%) were excluded on the basis of invalid
baselines; this rate is consistent with other high school
samples using ImPACT (desktop version, 8.7%31; online
version, 6.3%30) and below the rate for high school football
players using paper-based tests (12%13). The resultant
sample was composed of 369 athletes. Sex distribution
was nearly equal, with 168 males (46%) and 201 females
(54%) participating in the study. History of concussion
was reported by 6.2% of the athletes, diagnosis of attention
deficit disorder was reported by 4.1% of athletes, and diagnosis of learning disorder was reported by 2.2% of athletes.
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TABLE 1
Demographics
Characteristic

n (%)

Sex
Male
Female
Total
Sport
Soccer
Football
Volleyball
Basketball
Lacrosse
Field hockey
Softball
Cheerleading
Track/cross country
Wrestling
Baseball
Tennis
Other/unknown
Swimming
Track and field
Skiing
Golf
Ice hockey
Rugby
Age, ya
Time between baselines, ya

168 (45.5)
201 (54.5)
369 (100)
72 (19.5)
68 (18.4)
42 (11.4)
35 (9.5)
33 (8.9)
24 (6.5)
19 (5.1)
14 (3.8)
12 (3.3)
11 (3)
11 (3)
6 (1.6)
5 (1.4)
5 (1.4)
4 (1.1)
3 (0.8)
2 (0.5)
2 (0.5)
1 (0.3)
14.8 6 0.9
1.2 6 0.4

a

Data presented as mean 6 standard deviation.

Materials
The ImPACT online version was used for the study. The
ImPACT instrument is a computer-based program used to
assess neurocognitive function and concussion symptoms.
It consists of 6 tests that evaluate attention, working memory, and processing speed, yielding composite scores on the
areas of verbal memory, visual memory, motor processing
speed, reaction time, and impulse control (see Iverson
et al14-16 for more detail on the subscales of ImPACT).

Design and Analyses
Participants completing 2 baseline assessments composed
a within-subjects sample, allowing for the comparison
between time 1 and time 2. Dependent measures included
the verbal memory, design memory, motor processing
speed, and reaction time composite scores from ImPACT,
and the total symptom scores.
Pearson product moment correlations (r) were calculated as a general measure of the strength of linear association between variables at times 1 and 2. A weakness of
the Pearson r as a measure of test-retest reliability is
when coefficients are high and group means are similar,
but there is considerable individual variation in scores
from time 1 to time 2.28 As such, ICCs, considered a better
measure of association than the Pearson r,34 were also calculated as the primary indicator of test-retest reliability.
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The ICC can distinguish those sets of scores that are
merely ranked in the same order from test to retest from
those that are not only ranked in the same order but are
in low, moderate, or complete agreement.7 The ICC model
‘‘2-way mixed’’ type ‘‘consistency’’ was used; ICC analyses
also yield an unbiased estimate of reliability, which reflects
the consistency of the baseline assessments.11
Reliable change indices (RCIs)18 were calculated to
assess whether a change between repeated assessments
was reliable and meaningful. The RCI provides an estimate of the probability that a given difference in score
would not be obtained as a result of measurement error.17
A modified RCI formula,6 which includes an adjustment for
practice effects, was also calculated (see Barr3 for a more
detailed discussion). Finally, regression-based methods
(RBMs) were applied to the data. In RBMs, the scores
from the first assessment are placed into a regression analysis, using the score at time 2 as the dependent variable,
with the resulting equation providing an adjustment for
the effect of initial performance level, as well as controlling
for any regression to the mean.22 With this technique,
regression equations can be built to predict a participant’s
level of performance on a neuropsychological instrument at
retest from the initial testing.10 Following Bonferroni correction, alpha level for all analyses was set at P \ .01.

RESULTS
Pearson r correlations between baseline assessments
ranged from .40 to .74. Intraclass correlation coefficients
reflected higher reliability than Pearson r, across all measures. Motor processing speed scores showed the most stability (mean ICC = .85; .82 to .88 lower and upper 95%
confidence intervals [CIs]), followed by reaction time (.76;
95% CI, .71-.85), visual memory (.70; 95% CI, .64-.76), verbal memory (.62; 95% CI, .53-.70), and total symptom
scores (.57; 95% CI, .47-.65). Unbiased estimates of reliability were consistent with ICCs: motor processing speed, .85;
reaction time, .76; visual memory, .71; verbal memory, .62;
and total symptom scores, .57. Mean ImPACT composite
and symptom scores showed significant improvement
between the 2 assessments on visual memory, motor processing speed, and reaction time indices (Table 2).
Regression-based measures using 80% and 95% CIs
assume that 80% and 95% of cases will fall within these
ranges. Results showed that follow-up baseline scores
showed considerable stability (Table 3). All scores from
follow-up baseline assessments fell within an 80% CI. Specifically, 88% to 91% of follow-up baseline composite scores
and 86% of follow-up symptoms scale scores were within
this 80% CI. Nearly all scores from follow-up baseline
assessments fell within a 95% CI; only scores from visual
memory (1.0%), reaction time (0.2%), and symptom scores
(2.4%) fell outside of the cut-off.
Reliable change indices were calculated for all composite and total symptom scores. The RCIs are presented at
80% and 95% CIs (Table 4). There was little variation
between the ‘‘traditional’’ method18 (lower line) and Chelune’s ‘‘corrected’’ method6 (top line). Rates of impairment
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TABLE 2
Test-Retest Reliabilitya
Time 1b
Verbal memory
Visual memory
Motor speed
Reaction time
Symptom scale

85.6
72.0
37.5
.59
4.7

6
6
6
6
6

9.1
12.7
6.7
.08
8.5

Time 2b

r

ICC

95% CI, Lower

95% CI, Upper

UER

tc

Sig.

d

6
6
6
6
6

.45
.55
.74
.62
.40

.619
.703
.851
.761
.569

.532
.636
.818
.707
.471

.689
.758
.879
.851
.649

.621
.705
.852
.762
.571

21.6
25.3
29.1
7.2
0.6

.11
.001
.001
.001
.55

.08
.28
.47
1.80
.40

86.4
75.5
39.8
.56
4.4

9.1
14.0
6.8
.07
8.1

a

ICC, intraclass correlation coefficient; CI, confidence interval; UER, unbiased estimate of reliability; Sig, significance (P).
Shown as mean 6 standard deviation.
c
df = 368; Bonferroni-corrected alpha, P \ .01.
b

TABLE 3
Regression-Based Methodsa
Variable
Verbal memory
Visual memory
Motor speed
Reaction time
Symptom scale

Time 1b
85.6
72.0
37.5
.59
4.7

6
6
6
6
6

9.1
12.7
6.7
.08
8.5

Time 2b

a

b

Sxy

80% CIc

95% CIc

6
6
6
6
6

47.97
32.05
11.28
0.224
2.601

.449
.603
.760
.578
.381

8.114
11.783
4.575
0.056
7.466

91.3%
88.1%
87.8%
88.1%
85.6%

96.2%
94.0%
95.7%
94.8%
92.6%

86.4
75.5
39.8
.56
4.4

9.1
14.0
6.8
.07
8.1

a, intercept; b, slope; Sxy, standard error of estimate (Crawford and Garthwaite10).
Shown as mean 6 standard deviation.
c
CI, confidence interval; numbers represent the percent of participants with change scores within cut-off (80% CI = 1.65; 90% CI = 1.96).
a
b

using RBMs and RCIs are presented in Table 5. After
a time interval of approximately 1 year, only a small percentage of participants’ scores fell outside the range of normality, as denoted by these techniques. The RBM served as
a more conservative measure, with fewer follow-up baseline scores falling in the ‘‘impaired’’ range, as compared
with RCIs. Of note, nearly equal numbers of participants
showed improvement and declines over the time period,
across all measures.

DISCUSSION
The primary purpose of the current study was to examine
the long-term test-retest reliability of baseline assessments
collected using the online version of the ImPACT test battery. The results from the current study collectively suggest
that online ImPACT baseline composite scores are quite stable across a 1-year time period for high school athletes.
Recent consensus and position statements have suggested
the readministration of neurocognitive baseline assessments to account for potential changes in neurocognitive
performance during the athletes’ career or continued cognitive development and maturation in adolescent athletes (ie,
high school athletes).21,23 The findings of the current study
reveal that the stability data (ie, ICCs) from the online version surpass those measured over a 2-year interval using
the desktop ImPACT test battery in a sample of collegiate
athletes.29 However, it is important to note that the current
data represent stability over a 1-year period. In addition,
nearly half as many athletes demonstrated ‘‘reliable’’

change across repeated baselines over a 1-year period (ie,
RCI data, improving and declining) in the current study,
as compared with data reported by Iverson et al16 across
a 7-day time period (using the desktop version in a mixed
sample of high school and university athletes). It is important to note that the current data obtained over an interval
of approximately 1 year (online) compare favorably to data
obtained over 1 week (desktop), speaking to the stability
of the online version. The current study supports the testretest reliability of the new online version of the ImPACT
test battery and provides additional data on the long-term
stability of this neurocognitive measure.
Although baseline data from collegiate and high school
athletes reflect stability across a 1- and 2-year time period,
using both the desktop and online version of ImPACT,
these scores are not without degradation or change. Therefore, it is recommended that high school and collegiate athletes receive updated baselines every 2 years. Given the
lack of data over a 2-year period, when resources permit,
high school athletes may benefit from updated baselines
every year.
This study is not without limitations. First, while the
sample is comparably larger than any previous test-retest
study using ImPACT, the present sample is composed of
only high school athletes. As such, these results cannot
be uniformly generalized to collegiate or professional athletes. Second, this study examined test-retest reliability
over a 1-year interval. While one would expect increased
stability over a shorter interval, future research would
need to illuminate the stability of this instrument over
shorter or longer time periods. Finally, the sample

Downloaded from ajs.sagepub.com at MICHIGAN STATE UNIV LIBRARIES on May 29, 2012

Vol. 39, No. 11, 2011

Test-Retest Reliability of ImPACT Online Version

2323

TABLE 4
Reliable Change Indices (RCIs)a
r

SE1

SE2

Sdiffb

RCIc

80% CId

95% CId

D80%e

D95%e

Verbal memory

.30

6.73

6.74

Visual memory

.55

8.56

9.48

Motor speed

.74

3.38

3.48

Reaction time

.62

Symptom scale

.40

9.53
9.52
12.77
12.11
4.84
4.78
0.065
0.067
9.13
9.33

8.45
8.46
27.50
29.00
46.19
47.79
37.60
36.46
3.11
3.05

12.19
12.18
16.35
15.50
6.20
6.12
0.083
0.085
11.69
11.95

15.62
15.61
20.95
19.86
7.94
7.84
0.106
0.109
14.98
15.31

16
16
22
20
6.0
5.9
.11
.11
16
16

19
19
25
24
9.5
9.3
.13
.13
18
19

Variable

.047

.044

6.60

6.31

a
r, Pearson correlation between time 1 and time 2 scores; SE, standard error of measure at time 1 (SE1) and time 2 (SE2) (SD*O[1–rxy]);
SD, standard deviation.
b
Sdiff, standard error of difference scores based on Chelune et al,6 upper row, O([SEM12]1[SEM22]); and Jacobson and Truax,18 lower row,
O(2*[SEM12]).
c
Reliable change index based on Chelune et al,6 upper row; and Jacobson and Truax,18 lower row.
d
CI, confidence interval; numbers represent reliable change scores at 80% (1.65) and 95% (1.96) CIs.
e
Absolute point change required for reliable change at 80% and 95% range.

TABLE 5
Rates of Impairment Using Reliable Change Indices (RCIs) Versus Regression-Based Model (RBM)a
RCIb

RBM

80% CI

95% CI

80% CI

95% CI

Variable

Impr

Decl

Tot

Impr

Decl

Tot

Impr

Decl

Tot

Impr

Decl

Tot

Verbal memory

6%
6%
7%
9%
11%
11%
8%
8%
4%
4%

4%
4%
3%
4%
2%
1%
2%
2%
4%
4%

10%
11%
10%
13%
13%
12%
10%
10%
8%
8%

3%
3%
4%
4%
7%
7%
6%
6%
4%
3%

2%
2%
1%
2%
1%
1%
2%
2%
4%
4%

5%
5%
5%
6%
8%
8%
8%
8%
8%
7%

1%

7%

8%

0%

4%

4%

5%

7%

12%

1%

5%

6%

6%

6%

12%

2%

2%

4%

7%

4%

1%

3%

2%

5%

12%

2%

14%

6%

1%

7%

Visual memory
Motor speed
Reaction time
Symptom scale

a
CI, confidence interval; numbers represent percentage of participants scoring beyond cut-off values at 80% (1.65) and 95% (1.96) CIs.
Impr, improved; Decl, declined; Tot, total.
b
RCI, based on Chelune et al,6 upper row; and Jacobson and Truax,18 lower row.

reflected mixed-sport high school athletes, so additional
research should be conducted on specific sports such as
football, ice hockey, and soccer.
In summary, the pivotal role that neurocognitive testing
has in the objective management of sport-related concussion warrants consideration of both the short- and longterm stability of the baseline assessment. The findings
from the current study provide additional evidence for
the long-term (ie, 1-year) stability of the new online
ImPACT neurocognitive test battery. However, it is still
best practice for athletes to receive updated baselines
every 2 years to account for any changes in performance.
This practice will ensure that an athlete who sustains
a concussion will received accurate and individualized
management for their injury.
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