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Abstract

This research evaluated the 2-year test–retest reliability of the Immediate Postconcussion Assessment and Cognitive Testing (ImPACT)

neuropsychological battery, and clarified the need for biennial updated baseline testing of high school athletes. This study compared the baseline

test scores of 212 non-concussed athletes that were obtained in Grade 9 and again 2 years later when they were in Grade 11. Regression-based

methods indicated that 4 of the 5 ImPACT scores were stable over 2 years, as they fell within the 80% and 95% confidence intervals (CIs). The

results suggested that updating baseline testing for high school athletes after 2 years is not necessary. Further research into the consistency of

computerized neuropsychological tests over 2 years with high school athletes is recommended.
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Introduction

In recent years, computer-based neuropsychological test batteries have been regularly administered for the evaluation of sports-

related concussions. Test batteries such as the Immediate Postconcussion Assessment and Cognitive Testing (ImPACT) (Lovell,

2006) and CogSport (Collie et al., 2006) have gained widespread acceptance and use among various levels of athletics. Currently,

ImPACT is one of the most utilized computer-based neuropsychological test instruments in sports.

The usefulness of the ImPACT test battery as a reliable and valid instrument in the evaluation of a sports-related concussion has

been asserted by several sources (Iverson, Lovell, & Collins, 2003; Maerlender et al., 2010; Resch, McCrea, & Cullum, 2013;

Schatz & Sandel, 2012). However, the psychometric properties of ImPACT have been questioned (Mayers & Redick, 2012;

Randolph, McCrea, & Barr, 2005), including its reliability, which is a fundamental concern when weighing the merits of a psy-

chological test. While there are various forms of reliability indices for psychological tests, such as split-half reliability, alternative

form equivalence, and test–retest reliability, the most relevant reliability test for ImPACT is the test–retest reliability or stability

test, because of the recommended practice of comparing neurocognitive scores of concussed athletes to their pre-injury or baseline

test scores in making return-to-play decisions for the athlete (Louey et al., 2014).

When a neuropsychological test is employed to assist in important return-to-play decisions, sufficient test–retest reliability

is critical. According to the Board on Children, Youth, and Families’ Committee on Sports-Related Concussions in Youth,

there is no agreement on the minimum test–retest values that are considered acceptable for a computerized neuropsychological

test, like ImPACT (Graham, Rivara, & Ford, 2014). Some authors accept a minimum correlation coefficient (r) of .60

(Anastasi & Urbana, 1997), while others uphold higher standards of 0.70–0.79 (adequate), 0.80–0.89 (high), or 0.90–0.99

(very high) as an index of a consistent neuropsychological test (Slick, 2006).
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A previous test–retest study of ImPACT Version 2.0 examined the composite scores of 56 healthy high school and college

students, with an average retest interval of 5.8 days, and obtained the following test–retest correlation coefficients (r) for the com-

posite test scores: Verbal Memory .70, Visual Memory .67, Reaction Time .79, Processing Speed .86, and Total Symptom .65

(Iverson et al., 2003). These reliability measures, while found to be satisfactory, are not representative of real-world use, in

that the period between baseline and post-concussion testing is often a week or more rather than a few days (Broglio, Ferrara,

Macciocchi, Baumgartner, & Elliot, 2007; Mayers & Redick, 2012).

Additional tests of reliability for ImPACT over longer periods have been conducted. One-month test– retest reliability

was assessed with 25 college students, with the following intraclass correlation coefficients (ICCs): Verbal Memory

0.79, Visual Memory 0.60, Reaction Time 0.77, and Visual Motor Speed 0.88 (Schatz & Ferris, 2013). The authors also

noted significant improvement in Visual Motor Speed, perhaps due to practice effects. Other researchers examined the

ImPACT scores of 73 healthy college controls tested 45 days apart and found ICCs of Verbal Memory 0.23, Visual

Memory 0.32, Reaction Time 0.39, Visual Motor Speed 0.38, and Impulse Control 0.15 (Broglio et al., 2007). The investi-

gators concluded that the test– retest ICCs fell below the 0.60 level for making clinical decisions. A similar study

re-examined the test– retest reliability of the ImPACT between baseline, 45 days after baseline, and 50 days after baseline

in a sample of 85 physically active college students (Nakayama, Covassin, Schatz, Nogle, & Kovan, 2014). The respective

ICCs for baseline to Day 45 and baseline to Day 50 were Verbal Memory (0.76 and 0.65), Visual Memory (0.72 and 0.60),

Visual Motor Speed (0.87 and 0.85), and Reaction Time (0.67 and 0.71), all exceeding the threshold value of 0.60 for accept-

able test– retest reliability.

Hunt and Ferrara (2009) observed significant differences on neuropsychological tests (not including ImPACT) between

Grade 9 and Grades 11 and 12. Citing the Luria theory of brain development, the authors noted that cognitive maturity con-

tinues to develop throughout early adulthood, resulting in differences in neuropsychological performances as seen in this

study. Consequently, Hunt and Ferrara recommended that baseline testing of high school athletes should occur twice in

high school, first upon entering Grade 9 and retest at entrance into Grade 10, acknowledging the cognitive growth

during that period. Others investigated the 1-year reliability of the ImPACT in a sample of 369 high school athletes

(Elbin, Schatz, & Covassin, 2011). They reported ICCs of Verbal Memory 0.62, Visual Memory 0.70, Reaction

Time 0.76, and Motor Processing Speed 0.85, with findings that suggest that annual ImPACT baseline evaluations are

not necessary.

A study of 95 collegiate athletes tested �2 years apart revealed ICCs of Verbal Memory 0.46, Visual Memory 0.65, Reaction

Time 0.68, and Processing Speed 0.74, and observed that ImPACT Version 3.0 performance at baseline remained stable over a

2-year period (Schatz, 2010). Findings of low-to-moderate ImPACT reliability have been noted in studies of 40 high school

and college student-athletes (Register-Mihalik et al., 2012), 91 college non-athletes (Resch et al., 2013), 305 professional

hockey players (Bruce, Echemendia, Meeuwise, Comper, & Sisco, 2014), and 215 active duty military members (Cole et al.,

2013). The inconsistent findings of previous test–retest reliability studies of ImPACT may be due to the varying methods

among the studies, such as different intervals between testings (e.g., 1 week, 1 month, 1 year), or administering two other

computerized neuropsychological tests in one session as in the Broglio et al. (2007) study.

Differences in interpretation of reliability indices have become a topic of debate in the field and further support the need for

additional research. Mayers and Redick (2012) considered the reliability indices in the studies by Broglio et al. (2007) and

Schatz (2010) to be “unacceptably low.” In their response to Mayers and Redick, Schatz, Kontos and Elbin (2012) opined that

Mayers and Redick presented a limited view of the data that did not consider reliable change and regression-based measures.

Reliable change indices (RCIs) provide a confidence interval (CI) for predicted change and assess whether a change between

repeated measurements is clinically meaningful, while regression-based methods (RBMs) utilize regression analysis to predict

retest performance levels, and may provide the most accurate method to assess neuropsychological change (Barr, 2002).

A recent review of the reliability of several different computerized neuropsychological tests found that ICCs for different tests

were quite variable, with some studies reporting adequate reliability, while others indicating less than adequate reliability

(Graham et al., 2014). The authors concluded that all commercial test batteries reviewed, including ImPACT, were supported

by some studies indicating acceptable reliability.

Elbin et al. (2011) found that the baseline data of high school athletes were stable across 1- and 2-year time periods, but they also

noted the scores were not without change. Recognizing the ongoing cognitive maturation in adolescent athletes, the authors

recommended that high school athletes receive updated baseline testing every 2 years, if not annually. In light of the developmental

changes that occur in adolescence and the recommendation of Elbin et al., the present large-scale investigation was designed to

clarify the necessity of biennial updated baseline testing by comparing the baseline ImPACT scores of Grade 9 students with their

baseline test scores 2 years later in Grade 11. This is the first known study to compare the test–retest ImPACT baseline results of

high school students following a 2-year interval.
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Methods

Procedure

The participants completed a baseline ImPACT examination prior to their Grade 9 and Grade 11 sport seasons. The ImPACT

tests were administered in small groups up to 20 athletes by certified athletic trainers trained in the standardized administration of

the examination.

Instrument

The ImPACT test battery provides neurocognitive test scores along with relevant biopsychosocial information. A partial list of

self-reported biopsychosocial data collected includes age, sex, years of education, primary spoken language, sport played, prior

concussion, and history of learning disability and attention deficit disorder. The ImPACT test yields four composite scores, includ-

ing Verbal Memory, Visual Memory, Visual Motor Speed, and Reaction Time. The testing included the ImPACT Post-Concussion

Symptom Scale that yielded Total Symptom scores, based on 22 commonly reported symptoms (e.g., headache, dizziness).

Participants

The pool of athletes included 7987 Grade 9 athletes from 36 public high schools across the state of Hawaii between 2008 and

2014. Athletes were excluded from the study if they had (1) a history of concussion (n ¼ 1210, 15.1%), (2) a primary language that

was not English (n ¼ 300, 3.8%), (3) a history of learning disability or ADD/ADHD (n ¼ 561, 7.0%), (4) an invalid baseline

testing (n ¼ 1010, 12.6%), or (5) no baseline testing at Grade 11 (n ¼ 4694, 58.8%). An invalid baseline test was identified by

the internal validation measure in the ImPACT examination, e.g., an Impulse Control score ≥30 (Lovell, 2006). After applying

the exclusionary criteria, the athletes selected for this research were 212 9th graders (126 males, 86 females) who were later

re-tested for their baseline scores as 11th graders. The mean age of the Grade 9 athletes was 15.3 years (SD ¼ 0.5), while the

mean age of the Grade 11 athletes was 17.3 years (SD ¼ 0.5).

The student athletes participated in a variety of sports: football (n ¼ 75), soccer (n ¼ 43), basketball (n ¼ 25), volleyball

(n ¼ 14), cheerleading (n ¼ 11), softball (n ¼ 10), baseball (n ¼ 8), and others (n ¼ 26).

Approval for the use of the research data was granted by the State of Hawaii Department of Education. The study was assessed

by the Hawaii Pacific Health Research Institute and determined to be exempt from Institutional Review Board review.

Statistical Analyses

As in recent test–retest reliability studies (Elbin et al., 2011; Nakayama et al., 2014; Schatz & Ferris, 2013), three types of stat-

istical analyses were performed to test reliability: ICC, RCI, and RBM. ICC, a single measure two-way random effects analysis of

variance which takes into account individual variation in scores was calculated to assess the consistency of testing at Grade 9 and 2

years later at Grade 11. ICC analyses also yielded an unbiased estimate of reliability (UER), which reflected the consistency at both

times of the baseline assessments. RCI was calculated to assess whether a change between the repeated baseline assessments is

meaningful, i.e., it is beyond what would be expected by chance. A 95% CI was used in determining reliable change, i.e., by

chance 5% of all scores are expected to show changes greater than the calculated RCI. A modified RCI formula (Chelune,

Naugle, Lüders, Sedlak, & Awad, 1993) was employed, which includes an adjustment for practice effects. RBM wasapplied, yield-

ing a regression equation to predict an athlete’s level of performance on ImPACT at retest from the initial testing. Both RCI and

RBM are designed so that no more than 5% of the athletes should be outside the CI, indicating a significant improvement or

deterioration (Temkin, Heaton, Grant, & Dikmen, 1999).

The outcome measures for the ImPACT baseline assessments included four composite scores—Verbal Memory, Visual

Memory, Visual Motor Speed, Reaction Time—and a Total Symptom score. Paired t-tests were conducted to evaluate differences

in scores between the two baseline exams. With the Bonferroni correction, the a-level for all analyses was set at p , .01.

Statistical analyses were conducted in SAS version 9.3 and SPSS version 22.

Results

The mean ImPACT composite and Total Symptoms scores and ICCs are presented in Table 1. ICC reliability indices ranged

from 0.21 to 0.72 for the composite scores, and 0.40 for the Total Symptoms score. Paired t-tests found significant differences (p ,

.0001) in Visual Memory, Visual Motor Speed, and Reaction Time between Grades 9 and 11, with better performances in
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Grade 11. Visual Motor Speed yielded a medium effect size, while effect sizes were small for Visual Memory and Reaction Time.

Unbiased estimates of reliability (UER) were consistent with the ICCs.

RCIs are presented in Table 2 at 80% and 95% CIs, showing significant changes at Grade 11. All Composite and Total

Symptoms scores from the second baseline testing were outside the 80% and 95% CIs. In contrast, RBMs, seen in Table 3, revealed

stability in the follow-up baseline scores. At follow-up baseline assessments, nearly all composite scores fell within the 80% and

95% CIs. Specifically, at Grade 11 baseline testing, 79%–88% of composite scores and 86% of Total Symptom scores fell within

the 80% CI. Only 0.8% of Verbal Memory scores fell outside the 80% CI, and only 0.2% of the Visual Memory and 0.7% of Total

Symptoms scores fell outside the 95% CI.

Table 4 shows the rates of changes using RCIs versus RBMs. RCIs showed that 21%–34% of Composite and Total Symptoms

scores fell outside the 80% CI, while 8%–15% of the scores were outside the 95% CI. On the other hand, with RBMs, 12%–21% of

the scores were beyond the 80% CI, and only 2%–6% were outside the 95% CI.

Discussion

The present study evaluated the test–retest reliability of the baseline ImPACT Composite and Total Symptoms scores of 212

non-concussed high school athletes tested in Grade 9 and again 2 years later in Grade 11. The results of the RBM analyses revealed

that the retest scores were stable as nearly all Composite scores fell within the 80% and 95% CIs. In contrast, ICC correlation

Table 1. Test–retest reliabilitya

ImPACT score Grade 9 Grade 11 ICC ICC 95% CI UER tb p-value

M (SD) M (SD) Lower Upper

Verbal Memory 84.7 (8.5) 83.9 (10.1) 0.210 0.077 0.335 0.353 21.0 .33

Visual Memory 72.8 (12.2) 76.4 (12.3) 0.485 0.375 0.581 0.629 4.2 ,.0001

Visual Motor Speed 36.4 (6.4) 40.2 (6.7) 0.719 0.648 0.779 0.746 11.1 ,.0001

Reaction Time 0.60 (0.07) 0.58 (0.08) 0.458 0.345 0.558 0.598 24.6 ,.0001

Total Symptom 5.7 (10.0) 4.7 (7.2) 0.403 0.284 0.510 0.575 21.6 .12

Notes: aICC¼intraclass correlation coefficient; CI¼confidence interval; UER¼unbiased estimate of reliability; p, significance of t.
bdf ¼ 210; Bonferroni-corrected a p , .01.

Table 2. Reliable change indices (RCI)

ImPACT score Grade 9 Grade 11 SEM9a SEM11a Sdiffb 80% CIc 95% CIc

M (SD) M (SD)

Verbal Memory 84.7 (8.5) 83.9 (10.1) 7.53 8.99 9.92 69.34 91.04

Visual Memory 72.8 (12.2) 76.4 (12.3) 8.75 8.80 10.75 71.23 92.45

Visual Motor Speed 36.4 (6.4) 40.2 (6.7) 3.41 3.53 4.65 66.04 88.21

Reaction Time 0.60 (0.07) 0.58 (0.08) 0.05 0.06 0.07 79.25 92.45

Total Symptom 5.7 (10.0) 4.7 (7.2) 7.59 5.47 6.54 77.36 84.91

Notes: aStandard error of measure at Grade 9 and Grade 11 ¼ [SD×p
(12rxy)].

bStandard error of difference scores based on Chelune et al. (1993)
p

[(SEM 9
2) + (SEM11

2 )].
cCI¼confidence interval; numbers report the percentage of subjects with predicted change scores within cut-off (80% CI ¼ 1.28, 95% ¼ 1.96).

Table 3. Regression-based methods (RBM)a

ImPACT score Grade 9 Grade 11 Intercept Slope Sxy 80% CI 95% CI

M (SD) M (SD)

Verbal Memory 84.7 (8.5) 83.9 (10.1) 62.406 0.257 9.918 79.25 95.75

Visual Memory 72.8 (12.2) 76.4 (12.3) 40.892 0.488 10.748 81.13 94.81

Visual Motor Speed 36.4 (6.4) 40.2 (6.7) 12.957 0.747 4.648 83.02 97.64

Reaction Time .60 (.07) .58 (.08) 0.272 0.505 0.073 87.74 96.23

Total Symptom 5.7 (10.0) 4.7 (7.2) 2.937 0.306 6.542 85.85 94.34

Notes: aSxy¼standard error of estimate; CI¼confidence interval: numbers represent the percent of participants with change scores within cut-off (80% CI ¼ 1.28,

95% CI ¼ 1.96).
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analyses suggested a lackof 2-year reliability among the ImPACT scores (except for Visual Motor Speed) due to correlation coeffi-

cients that were below the recommended 0.60 level used for clinical purposes (Anastasi & Urbana, 1997). In addition, the RCI data

indicated significant changes in the Grade 11 ImPACT scores, with 21%–34% falling outside the 80% CI. When the RCI and RBM

approaches have been compared in past studies, RCI had wider prediction intervals and poor prediction accuracy, while

RBM offered more accurate prediction with small prediction-CIs (Temkin et al., 1999). Thus, weight must be given to the

RBM method which provides a moreadvanced statistical approach in accounting forconfounding factors not completely addressed

by the RCI methodology (Barr, 2002). Furthermore, the t-test differences in scores between Grades 9 and 11 yielded small effect

sizes for Visual Memory and Reaction Time and a medium effect size for Visual Motor Speed.

At present, no firm guidelines are available as to how often baseline neuropsychological testing with high school athletes should

be administered. The position statement by the America Medical Society for Sports Medicine indicated that there is no ideal inter-

val for repeating baseline neuropsychological tests (Harmon et al., 2013). Further, the 2012 Zurich consensus statement of the 4th

International Conference on Concussion in Sport asserted that “there is insufficient evidence to recommend the widespread routine

use of baseline neuropsychological testing” (McCrory et al., 2013). Based on the present RBM results that revealed stable 2-year

follow-up baseline scores, we assert that baseline testing conducted at Grade 9 yields sufficiently stable ImPACT scores so that

repeated baseline testing at Grade 11 appears unnecessary. At the same time, the low correlation coefficients and significant

changes in RCIs seem to reflect the developmental changes in youths that take place over the 2-year period between Grades 9

and 11, and offer some support to the cautious practice of updating a baseline testing every 2 years to account for any changes

in young athletes (Elbin, Schatz, & Covassin, 2011; Hunt & Ferrara, 2009; Schatz and Ferris, 2013). Finally, baseline data

used for post-concussion comparison are a major advantage of neurocognitive tests such as ImPACT. But when baseline test

scores are not available because of school budgets or limited personnel, the alternative of employing normative comparisons

for post-injury assessment is considered reasonable (Echemendia et al., 2012; Schmidt, Register-Mihalik, Mihalik, Kerr, &

Guskiewicz, 2012). In such cases, relevant age and sex norms can be used for comparison with post-injury scores.

Limitations

Several limitations of this research are worthy of note. (1)The sample size (n ¼ 212) of the high school athletes in this report is

one of the largest among test–retest studies of computerized neuropsychological tests. Nonetheless, the present group included

only high school athletes, and the results cannot be generalized to younger adolescents or children. Until test–retest reliability

research is conducted with pre-high school athletes, it may be advisable to obtain annual baseline assessments with younger ado-

lescents and children who engage in youth contact sports (Hunt & Ferrara, 2009). (2) Another shortcoming in this retrospective

study was the reliance on non-verifiable self-reports of personal data by the student-athletes, such as primary language and history

of concussion, learning disability, and ADD/ADHD. (3) Although those with invalid ImPACT profiles were excluded from this

research, there was no formal effort testing to assure optimal level of neurocognitive performance by the athlete. (4) The high

school athletes in Hawaii represent a diverse population of Caucasians, Polynesians, Asians, and other racial/minorities. In

view of the composition of the participants in this study, the present results may not be readily generalizable to high school athletes

on the U.S. continent. (5) The present investigation employed only the ImPACT test battery to assess the stability of neurocognitive

test scores of high school athletes. Examining the test–retest results of other computerized neuropsychological test methods that

are also used with high school athletes (e.g., Automated Neuropsychological Assessment Metrics [ANAM], CogSport/Axon)

would be valued.

Table 4. Rates of changes (%) using reliable change indices (RCI) vs regression-based model (RBM)a

ImPACT RCIb RBM

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

Impr Decl Tot Impr Decl Tot Impr Decl Tot Impr Decl Tot

Verbal Memory 14 17 31 4 5 9 10 10 21 4 0 4

Visual Memory 22 7 29 6 1 8 10 9 19 3 2 5

Visual Motor Speed 31 3 34 10 1 12 9 9 17 1 1 2

Reaction Time 6 15 21 3 4 8 5 8 12 0 4 4

Total Symptom 10 12 23 5 10 15 5 9 14 0 5 6

Notes: aImpr¼improved; Decl¼declined; Tot¼total.
bRCI: Chelune et al. (1993).
cCI¼confidence interval; numbers represent percent of participants scoring beyond cut-off values (80% CI ¼ 1.28 and 95% CI ¼ 1.96).
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Conclusion

The present mixed findings showed no reliable change of ImPACT scores after a 2-year interval using RBM analyses. These

results imply that baseline neuropsychological testing updated every 2 years with high school athletes is not necessary.

Additional analyses (ICC and RCI) of the data found low test–retest reliability correlation coefficients and significant RCIs, sug-

gesting that a cautious approach of obtaining biennial baseline testing of high school athletes obtained every 2 years is not unrea-

sonable. This is the first known study of test–retest reliability over a 2-year interval with high school athletes; thus, further

investigation into the consistency of ImPACT and other computerized neuropsychological tests over 2 years with high school

participants is needed.
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