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Background: Computer-based assessment programs are commonly used to document baseline cognitive performance for 
comparison with postconcussion testing. There are currently no guidelines for how often baseline assessments should be 
updated, and no data documenting the test-retest stability of baseline measures over relevant time periods.

Purpose: To establish long-term test-retest reliability of baseline assessments using ImPACT, and to compare various statistical 
methods for establishing test-retest reliability.

Study Design: Case series; Level of evidence, 4.

Methods: Participants were 95 collegiate varsity athletes completing baseline cognitive testing at 2 time periods, approximately 
2 years apart. No participant sustained a concussion between assessments. All athletes completed the ImPACT test battery; 
dependent measures were the composite scores and total symptom scale score.

Results: Intraclass correlation coefficient estimates for visual memory (.65), processing speed (.74), and reaction time (.68) com-
posite scores reflected stability over the 2-year period, with greater variability in verbal memory (.46) and symptom scale (.43) 
scores. Using reliable change indices and regression-based methods, only a small percentage of participants’ scores showed 
“reliable” or “significant” change on the composite scores (0%-6%), or symptom scale scores (5%-10%).

Conclusion: The current results suggest that college athletes’ cognitive performance at baseline remains considerably stable over 
a 2-year period. These data help establish the effects of longer, clinically pragmatic testing intervals on test-retest reliability.

Clinical Implications: The current results suggest that stretching the time between baseline assessments from 1 to 2 years may 
have little effect on the clinical management of concussions in collegiate athletes. These results should not be generalized to 
collegiate football players, who were not included in this sample. Youth athletes (high school and younger) should continue to 
receive annually updated baseline assessments until prospective study of the stability of baseline assessments for this younger 
age group can be completed.
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National Football League.27,29 Computer-based tests were 
subsequently introduced as an alternative to paper-based 
measures for the purpose of assessing/screening athletes 
for effects of concussion on cognitive performance.18,45 
Expert consensus has since identified the need for, and 
benefit of, baseline preinjury testing and serial follow-up 
as necessary components of neuropsychological test 
batteries.4,34

Determining when to return an athlete to play after a 
concussion is of particular importance to sports medicine 
professionals, who have been termed the final arbiters of 
return to play,29 and has been widely discussed over the 
past 2 decades.25,51 Early practice parameters recom-
mended development of neuropsychological test measures 
to detect impairment associated with concussion,1 and 
position statements have since recommended neuropsy-
chological test data to assist athletic trainers in evaluating 

Repeated neuropsychological assessment is widely used 
for identifying the effects of concussion on cognitive func-
tioning; baseline, or preseason, performance is compared 
with postconcussion abilities. The multicenter Virginia 
Football Study2,6 was the first to use within-subjects com-
parison to assess changes from preseason baseline perfor-
mance, along with between-groups comparisons to matched 
cohorts. This model was soon adopted in many colleges and 
universities,32 as well as the National Hockey League and 
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recovery.20 Discussions of clinical management included the 
importance of neuropsychological screening batteries,29,36 
and inclusion of a brief neuropsychological test battery is 
considered a “cornerstone of concussion” evaluation by con-
sensus experts, is a recommended part of preseason base-
line evaluations,4,34 and is recognized as an important 
component contributing to return to play decisions.35

Despite the advantages of computerized test batteries 
(eg, improved ease of administration, automated scoring, 
decreased practice effects, and increased test-retest reli-
ability14), there has been considerable discussion of prac-
tice effects as a threat to reliability and validity.2,6,13,28 As 
the interval between baseline and postconcussion testing 
can span several months, researchers have pointed out 
that establishing test-retest reliability over a very short 
interval (eg, days) may not be sufficient to establish reli-
ability for this application.41

Currently, there are no guidelines for how often baseline 
assessments should be repeated, and the call for establish-
ing test-retest reliability over time intervals that are clini-
cally relevant (even up to a time interval of years), for the 
purpose of comparing postconcussion and preseason base-
line data,41 has gone unheeded. Similarly, there has been 
no response to the request that test developers consider 
and outline guidelines for repeat baseline assessment 
when revising their measures.44

There are several commercially available computer-
based test programs for the assessment and management 
of sports-related concussion. Among the most widely used 
of these programs is the Immediate Post-Concussion 
Assessment and Cognitive Testing test battery (ImPACT). 
The ImPACT battery was developed for the assessment of 
sports-related concussion in high school, collegiate, and 
professional athletes,29 and was designed to minimize 
practice effects through the use of several alternate 
forms.21 Traditionally, researchers systematically evaluate 
the test-retest reliability of computer-based measures by 
focusing on test intervals as they relate to the time period 
between baseline and follow-up or serial assessments (eg, 
1 week) or by identifying the temporal stability of the mea-
sure over longer periods of time. To this end, previous lit-
erature has documented the test-retest reliability of the 
ImPACT battery over a period of 7 to 50 days. Iverson and 
colleagues21 established 7-day test-retest reliability coeffi-
cients for the ImPACT composite scores and symptom 
scale in 56 high school students. Pearson coefficients were 
as follows: verbal memory (.70), visual memory (.67), reac-
tion time (.79), processing speed (.86), and symptom scale 
(.65). Broglio and colleagues8 used intraclass correlation 
coefficients (ICCs) to document 45- and 50-day test-retest 
reliability among 188 student volunteers: verbal memory 
(.23/.40; ICC between baseline and 45- and 50-day follow-
up, respectively), visual memory (.32/.39), reaction time 
(.39/.51), and processing speed (.38/.61). Miller and col-
leagues37 documented no decrease in ImPACT scores from 
preseason to postseason (approximately 4 months) in non-
concussed football players over a season of repetitive con-
tact activity, with all postseason scores falling within 80% 
confidence intervals (the study used repeated measures 
analyses, so no reliability coefficients are provided).

There is a prevailing belief that baseline assessments 
should be repeated after a concussion and, in the case of 
younger athletes, at the start of a new academic year.12,48 
Researchers have identified the need for more frequent 
updating of baseline assessments for younger athletes (eg, 
high school and earlier) compared with older athletes,9 as 
athletes between 8 and 15 years of age are thought to be in 
a period of rapid cognitive maturation, during which a 
twice-annual baseline test has been suggested.30,33 
Independent of an athletes’ age, in the absence of long-
term test-retest reliability data (ie, 1 year), annual base-
line evaluations have been recommended.41

To date, there has been no systematic evaluation of the 
long-term reliability of ImPACT over a time period that 
might occur between updated baseline assessments in a col-
lege athletics program. The purpose of this investigation is 
to establish long-term test-retest reliability of baseline cog-
nitive performance, using ImPACT, and to compare various 
statistical methods for establishing test-retest reliability.

MATERIALS AND METHODS

Participants 

Participants were varsity collegiate athletes participating 
in baseball, basketball, field hockey, lacrosse, soccer, and 
softball (Table 1) who completed mandatory preseason 
cognitive assessments as required by the athletics pro-
gram. Inclusion of athlete’s data in research was optional, 
and the institutional review board approved the proce-
dures for participant recruitment and informed consent. 
As part of the growth and ongoing development of a con-
cussion testing and management program, a decision was 
made to update existing baseline assessments for varsity 
athletes. To accomplish this task, athletes previously 
assessed, primarily as freshman, sophomores, and transfer 
students, were retested during their junior or senior year.

One hundred seventeen athletes completed preseason 
baseline assessments approximately 2 years apart. Twenty-
two of the 117 athletes were excluded from the main 
analysis: 15 sustained a concussion between baseline 
assessments and 7 were excluded because of erratic perfor-
mance on baseline assessments, as denoted by impulse 
control composite scores over 22.26 The resultant sample 
was composed of 95 athletes who completed baseline 
assessments at an initial session (mean age, 18.8 years; 
standard deviation [SD] = 0.6), and then at a second time 
period approximately 2 years later (mean age, 20.8 years; 
mean time difference of 1.9 years; SD = 0.6). Gender distri-
bution was nearly equal, with 51 male (54%) and 44 female 
(46%) participants in the study.

The ImPACT version 3.0 (ImPACT Applications Inc., 
Pittsburgh, Pennsylvania) 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, processing 
speed, reaction time, and impulse control (see Iverson et al21 
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for more detail on the subscales, and Schatz et al43 for more 
detail on the psychometric properties 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, visual memory, processing speed, reac-
tion 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 
Pearson’s 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 2.42 As such, ICCs, considered a better mea-
sure of association than Pearson’s r,49 were also calculated 
as the primary indicator of test-retest reliability. 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.11 The ICC model “2-way mixed” 
type, “consistency,” were used; ICC analyses also yield an 
unbiased estimate of reliability, which reflects the consis-
tency of the baseline assessments.19

Reliable change indices (RCIs)24 were calculated to 
assess whether a change between repeated assessments 
was reliable and meaningful. The RCI provides an esti-
mate of the probability that a given difference score would 
not be obtained as a result of measurement error.23 A 
modified RCI formula,10 which includes an adjustment for 
practice effects, was also calculated (see Barr5 for a more 
detailed discussion). Finally, regression-based methods 
(RBMs) were applied to the data. In RBM, 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.31 With this technique, regres-
sion equations can be built to predict a participant’s level 
of performance on a neuropsychological instrument at 
retest from the initial testing.17

After Bonferroni correction, alpha level for all analyses 
was set at P < .01.

RESULTS

Mean ImPACT composite and symptom scores showed lit-
tle variation between the 2 assessments (Table 2). Pearson 
correlations between baseline assessments ranged from 
.27 to .60, with no significant differences noted on paired 
comparison t tests. The ICCs reflected higher reliability 
than Pearson’s r across all measures. Processing speed 
scores showed the most stability (mean ICC = .74; lower 
and upper 95% confidence intervals [CIs]: .61-.83;), fol-
lowed by reaction time (mean ICC = .68; lower and upper 
95% CIs: .53-.78), visual memory (mean ICC = .65; lower 
and upper 95% CIs: .48-.77), verbal memory (mean ICC =  
.46; lower and upper 95% CIs: .19-.64), and total symptom 
scores (mean ICC = .43; lower and upper 95% CIs: .15-.62). 
Unbiased estimate of reliability was consistent with ICCs: 
processing speed (.75), reaction time (.68), visual memory 
(.66), verbal memory (.47), and total symptom scores (.44).

Regression-based measures revealed that follow-up 
baseline scores showed considerable stability (Table 3). At 
follow-up baseline assessments, 95% to 97% of all compos-
ite scores and 89% of symptom scale scores fell within an 
80% CI; 97% to 98% of all composite scores and 95% of 
symptom scale scores fell within a 95% CI.

Reliable change indices were calculated for composite 
and total symptom scores. Reliable change indices are pre-
sented at 80% and 95% CIs (Table 4). There was little 
variation between the “traditional” method (lower line in 
Table 4) and the “corrected” method of Chelune et al10 (top 
line in Table 4). Rates of impairment using RBM and RCI 
are presented in Table 5. After a time interval of approxi-
mately 2 years, 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 RCI. Using RCI 
and RBM, only a small percentage of participants’ scores 
showed “reliable” or “significant” change on the composite 
scores (0%-6%) and on the symptom scale scores (5%-10%). 
Of note, nearly equal numbers of participants showed 
improvement and declines over the time period across all 
measures.

DISCUSSION

This study assessed test-retest reliability of baseline cogni-
tive performance measured by the ImPACT test battery 
over a period of approximately 2 years, a clinically relevant 
and practical interval. Intraclass correlation coefficients 
ranged from .47 to .75 for the composite scales, and .44 for 
the postconcussion symptom scale. Using reliable change 
and standard regression-based measures, only 0% to 6% of 
participants showed significant changes on symptom scale 
scores, when comparing performance at baseline assess-
ments conducted over a 2-year period.

TABLE 1
Participation by Sport

Sport n %

Baseball 13 13.7
Field hockey 9 9.5
Men’s basketball 3 3.2
Men’s lacrosse 25 26.3
Men’s soccer 15 15.8
Softball 6 6.3
Women’s basketball 2 2.2
Women’s lacrosse 13 13.7
Women’s soccer 9 9.5
Total 95 100
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Among the benefits of computer-based testing is the 
ability to control for large practice effects sometimes seen 
on pencil-and-paper tests,21 and the ImPACT developers 
documented stability of test scores for age-matched con-
trols over a 1-week period. Test-retest reliability over a 
longer, 2-week period, was subsequently documented for 
verbal memory (.40), reaction time (.71), and processing 
speed (.80).22 Broglio and colleagues8 reported generally 

low ICCs on 3 of the composite scores of ImPACT, which 
were lower than those reported in the literature for com-
puter-based tests. The 2-year ICCs from the current study 
were higher than the 45-day scores obtained by Broglio 
and colleagues8 for all of the composite scores measured: 
verbal memory (.46 vs .23), visual memory (.65 vs .32), 
processing speed (.74 vs .39), and reaction time (.68 vs 
.38). It is important to note that these scores8 were 

TABLE 2 
Test-Retest Reliabilitya 

 Time 1 Time 2   ICC 95% CI

Variable Mean (SD) Mean (SD) r ICC Lower Upper UER tb Sig. t

Verbal memory 87.6 (8.3) 87.8 (9.5) .30 .459 .188 .640 .471 0.2 .83
Visual memory 75.6 (12.1) 78.1 (11.4) .49 .653 .479 .769 .660 2.0 .045
Process speed 41.2 (5.9) 42.0 (6.9) .60 .742 .612 .828 .747 1.4 .16
Reaction time .54 (.06) .53 (.07) .52 .676 .513 .784 .682 0.9 .36
Symptom scale 9.3 (11.9) 8.9 (11.4) .27 .431 .145 .621 .443 0.3 .80

a ICC, intraclass correlation coefficient; CI, confidence interval; UER, unbiased estimate of reliability; Sig. t, significance of t.
b df = 93; Bonferroni corrected alpha P < .01.

TABLE 3 
Regression-Based Methodsa

 Time 1 Time 2
      80% CI 95% CI 
Variable Mean (SD) Mean (SD)   Sxy  (%) (%)

Verbal memory 87.6 (8.3) 87.8 (9.5) .577 .343 .090 94.74 97.89
Visual memory 75.6 (12.1) 78.1 (11.4) .435 .458 .099 94.74 97.89
Process speed 41.2 (5.9) 42.0 (6.9) 13.556 .691 5.505 94.74 96.84
Reaction time .54 (.06) .53 (.07) .193 .632 .064 96.84 97.89
Symptom scale 9.3 (11.9) 8.9 (11.4) 6.495 .262 10.939 89.47 94.74

a  = intercept;  = slope; Sxy, standard error of estimate17; CI, confidence intervalnumbers represent the percent of participants with 
change scores within cutoff (80% CI: 1.65; 90% CI: 1.96).

TABLE 4 
Reliable Change Indices (RCI)

Variable Time 1 Time 2 ra SEM1b SEM2b Sdiffc RCId 80% CIe 95% CIe

Verbal memory (M) 87.6 87.8 .30 6.93 7.91 10.52 2.27 13.47 17.25
 (SD) 8.3 9.5    9.81 2.44 12.55 16.08
Visual memory (M) 75.6 78.1 .49 8.70 8.20 11.96 2.08 15.31 19.61
 (SD) 12.1 11.4    12.31 2.02 15.76 20.19
Process speed (M) 41.2 42.0 .60 3.76 4.36 5.75 1.48 7.36 9.44
 (SD) 5.9 6.9    5.31 1.60 6.80 8.71
Reaction time (M) .54 .53 .52 .04 .05 0.07 .096 0.09 0.11
 (SD) .06 .07    0.06 .107 0.07 0.10
Symptom scale (M) 9.3 8.9 .27 10.14 9.69 14.02 2.63 17.95 23.00
 (SD) 11.9 11.4    14.34 2.57 18.35 23.52

ar = Pearson’s correlation between Time 1 and Time 2 scores.
bStandard error of measure at Time 1 and Time 2 = [SD*(1-rxy)].
cStandard error of difference scores based on (Chelune et al,10 upper): [(SEM12) + (SEM22)] and (Jacobson and Truax,24 lower): 

[2*(SEM12)].
dReliable change: Chelune et al,10 upper; Jacobson and Truax,24 lower.
eCI, confidence interval; numbers represent reliable change scores at 80% (1.65) and 95% (1.96) CIs.
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derived from participants required to complete 3 commer-
cially available computerized test batteries in succession 
(ImPACT, Headminder’s CRI [Headminder, Inc, New 
York, New York], CogState’s Concussion Sentinel 
[CogState Ltd, Victoria, Australia]) at baseline, day 45, 
and day 50. This increased variability in performance 
may be attributed to the error from having participants 
complete similar tasks, measuring nearly identical con-
structs, over a considerably demanding testing session. In 
this regard, 35% (40 of 113) of their sample were excluded 
because of poor effort in comparison to only 4% (5 of 117) 
of the current sample.

Annual baseline assessments have been recommended 
for younger athletes12,48 (eg, childhood and adolescent 
ages), as compared with older athletes,9 with some test 
developers suggesting twice-annual baseline testing30,33 for 
athletes younger than 15 years of age. Others have recom-
mended new annual baseline measures for each player, 
until data regarding very long-term (ie, >1 year) reliability 
can be established.41 Although the efficacy and utility of 
repeated baseline have yet to be established, the current 
results suggest that baseline data obtained from college 
athletes remain considerably stable over a 2-year period, 
and demonstrate greater stability than data collected over 
a 1- to 2-week period. These data help fill in the gaps in 
the literature, especially calls for testing the effects of 
longer, clinically pragmatic testing intervals on test-retest 
reliability.8

Low correlations between baseline assessments, as mea-
sured by Pearson’s r, reflect limited shared variance between 
at Times 1 and 2. Pearson’s r is known to be smaller when 
group means are similar, but there is considerable individual 
variation in scores from Time 1 to Time 2,42 so this is not an 
ideal measure of the strength of association between 
assessments. Rather, ICC has been shown to be a better 
indicator of scores that are not only ranked in the same 
order but are also in agreement. There is considerable vari-
ability in what constitutes “acceptable” agreement in ICC: 

.603 and .707 have been recommended as minimum accept-
able ICCs, with coefficients measuring from .50 to .75 indi-
cating moderate reliability, and coefficients greater than 
.75 indicating good reliability.40 In this sample, it is unclear 
why verbal memory ICCs (.46) would fall outside the range 
of acceptable while the other composite measures (from .65 
to .74) fell within the moderate range. Symptom scores 
have been found to show similar variability at base-
line15,16,46 so the lower ICC (.43) is not unexpected.

Reliable change indices base the significance of a change 
for an individual test score on the difference between the 
initial and follow-up scores for the normative subject 
 sample. The RCI allows one to establish empirically derived 
cutoffs that can be used for evaluating meaningful differ-
ences in test scores, independent of psychometric issues, 
such as practice effects and other sources of variance.5 In 
this study, CIs derived from RCIs showed greater variabil-
ity than those established over a 1-week test-retest peri-
od.21 Both RCI and RBM are designed so that no more than 
5% of the cases should be outside the prediction interval 
indicating improvement and deterioration.47 Using RCI, 
only visual memory scores showed significant improvement 
(95% CI) over a 1 -year period, with only a small percentage 
of participants (0%-3%) showing either improvement or 
decline over this time frame. With use of RBM, none of the 
participants’ scores showed significant change.

This study documented the stability of baseline pre-
season cognitive assessments over a period of 2 years. 
Although no athletes were included in the sample if they 
sustained a concussion between baseline assessments, it is 
important to note that data were obtained from a Division 
I National Collegiate Athletic Association program with no 
football program. Football players are at risk for sustain-
ing unique concussive injuries, with respect to velocity and 
translational acceleration (eg, average 9.3 m/sec velocity 
and 98 g for football concussions39 vs average 3 m/sec and 
21 g for elbow strikes and 8 m/sec and 20 g for wrist/fore-
arm strikes in soccer collisions50). As well, football players 

TABLE 5 
Rates of Impairment (%) using Reliable Change Indices (RCI) Versus Regression-Based Model (RBM)a

 RCIb RBM

 80% CIc 95% CIc 80% CIc 95% CIc

Variable Impr Decl Tot Impr Decl Tot Impr Decl Tot Impr Decl Tot

Verbal memory 6 2 8 3 2 5 0 6 6 0 2 2
 7 5 12 3 2 5      
Visual memory 11 2 13 7 2 9 2 3 5 2 1 3
 8 2 10 0 7 7      
Process speed 4 3 7 2 2 4 3 2 5 2 1 3
 5 5 10 2 2 4      
Reaction time 4 3 7 3 2 5 0 3 3 0 2 2
 5 4 9 3 2 5      
Symptom scale 3 5 8 3 3 6 0 10 10 0 5 5
 3 5 8 3 3 6      

aImpr, improved; Decl, declined; Tot, total.
bRCI: Chelune et al,10 upper; Jacobson and Truax,24 lower.
cCI, confidence interval; numbers represent percent of participants scoring beyond cutoff values at 80% (1.65) and 95% (1.96) CIs.
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may also experience a number of “subclinical collisions” 
over the course of their athletic careers, from which recov-
ery is relatively rapid.38 In this regard, these results 
should not be generalized to collegiate football players 
until results can be replicated on this population.

As colleges and universities implement concussion test-
ing programs, there will be natural growth from the test-
ing of the initial cohort. The current results suggest that 
stretching the time between baseline assessments to 2 
years will have little deleterious effect on the management 
of student athletes. This is of practical importance to team 
physicians who are charged with making return to play 
decisions for concussed college athletes, as well as clini-
cians charged with interpreting postconcussion cognitive 
test data in the context of “change from baseline.” In those 
cases for which postconcussive test data have not been 
updated annually, the current results suggest that com-
parisons with baseline data obtained 2 years prior remain 
clinically relevant.

It is important to note that while the current results 
apply to college-level athletes, they do not generalize to 
younger, developing youth athletes, such as those compet-
ing in junior high schools, Little League teams, and other 
organized leagues. Until prospective study of the stability 
of baseline assessments can be completed, youth athletes 
at the high school level and younger should continue to 
receive annually updated baseline assessments. Additional 
prospective studies comparing postconcussion data to ini-
tial (Time 1) and follow-up (Time 2) baseline data will 
help establish the efficacy and utility of repeat baseline 
assessments in diagnosing the effects of concussion on 
cognitive function.
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