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A Literature Review Examining 
the Potential Role of the ImPACT 
to Evaluate Probable 
Concussions in Athletes 
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The Immediate Post-Concussion Assessment and Cognitive Testing (Im­
PACT) is proposed to represent the most widely-used tool for the detec­
tion and management of concussions. With the growing rate of concus­
sions in the high school population, there is a need for the validation of 
concussion detection and management to ensure the best possible out­
comes for athletes' health. There has been extensive research done in re­
gards to the ImPACT in the last decade. The ImPACT's validity is regu­
larly researched; however, future methods should aim to focus on the 
baseline testing in the initial phase of concussion management. Also, the 
importance of baseline testing should be incorporated into the education 
on concussions for the high school population, as well as youth sporting 
groups. Athletes need to know the significance of head injuries and how· 
improper treatment could do more harm than the concussion itself. This 
article offers a literature review concerning this timely topic, and addi­
tionally presents recommendations for future research endeavors. 

Keywords: Concussion, ImPACT, Baseline Testing 

Sports represent a vital component to society. Perks 
(2007) stated that sports positively impact social capi­
tal, which is the features of social organization such as 
networks, norms, and social trust that facilitate coor­
dination for mutual benefit. There are also health and 
wellness components pertaining to sports in society. 
Beyond these remunerations are social and cognitive 
benefits as children learn to interact with othe1·s and 
develop their cognitive skills that contribute to aca­
demic achievement (Bailey, 2006). 

Unfortunately, and with acceptance ofreality, as a re­
sult of the active participation in spots, there is a 
greater chance of injury. In a study by Monroe, 
Thrash, Sorrentino, & King (2011), it was found that 
the most common type of injuries in sports was head 
injuries, followed by lacerations, and then fractures. 
Within the realm of high school sports, concussion 
represents a growing concern for all types of athletes. 
Concussion management and testing has become and 
continues to be a necessity in the high school setting, 
with assessment and early detection representing a 
growing area of interest. 
The earliest of neurocognitive testing started in the 

days of Sir Franz Joseph Hall and the field of phrenol­
ogy, which focused on the functional localization of the 

brain (Simpson, 2005). Once intelligence testing be­
came popular, extending from the 1890's to early 
1950's, cognitive tests were developed to further the 
goal of measuring intelligence (Snowman & McCown, 
2013). Now, in the modem age of neuropsychological 
testing, the platform has transitioned to computerized 
testing. Computerized testing has aided both the cli­
nicians and researchers with a broad horizon to ex­
plore (Epstein & Klinkenburg, 2001). 

While there are many different neurocognitive tests 
for clinical and research purposes, there are three that 
are primarily utilized for concussion management uti­
lizing a computerized format; the CogState, CNS Vital 
Signs, and the ImPACT. It may be suggested that the 
ImPACT version 2.0 represents the most commonly 
used neurocognitive test in the management and di­
agnosis of sport-related concussions. This version con­
tains six neuropsychological tests designed to mea­
sure different aspects of cognitive functioning. Within 
these six tests there are four generated composite 
scores, including verbal memory, visual memory, 
visuomotor speed, and reaction time. Numerous stud­
ies have examined the validity and reliability of the 
ImP ACT, which will be reviewed in the scope of the 
present paper. A review of the literatme suggests that 
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there may be an underreporting of symptoms on the 
baseline test to avoid losing playing time after a possi­
ble concussion. This article addresses the potential 
role of the lmPACT as a tool to not only assess, but 
also manage head injuries, particularly within the 
context of sports management. 

Literature Review 
When considering the format of a literature review, 
there are two distinct types. The first represents a 
thematic literature review. The researcher identities 
a theme, and then proceeds to cite the literature based 
on the theme. The author discusses the main ideas 
from the study and subsequently does not actually 
take voluminous specific details from any of the stud­
ies. Contrary to thematic literature review, the next 
model is the study-by-study review of the literature. 
This study provides a broad theme with specific de­
tails about each study throughout the review. The 
method chosen for the present review of the literature 
is a study-by-study review. 
Schatz, Pardini, Lovell, Collins, & Podell (2006). 
Phillip Schatz and colleagues led the movement to 
better undei:stand the foundation of neurocognitive 
testing for concussion management and diagnosis. 
Specifically, Schatz utilized the ImPACT. It is under­
stood that sustaining a concussion enhances the 
chance of sustaining another concussion, especially if 
an athlete does not recover properly from the initial 
concussion. Neurocognitive testing has been identi­
fied as one of the essential cornerstones of concussion 
management offered in the last two decades. With the 
substantial increase in concussions in the sports pop­
ulation, researchers have aimed to identify the best 
form of assessment and its characteristics. It was sug­
gested that the movement of identifying concussions 
based on baseline preseason neurocognitive testing 
and comparing values to of the tests post-concussion 
should be re-invented. It was also suggested that it is 
important to note that neurocognitive testing alone is 
more accurate when the symptoms are self-reported 
in concurrence. The ImPACT utilizes both of these 
features and has been tested regularly to yield valid 
and reliable results. 

Fazio, Lovell, Pardini, & Collins (2007). Fazio, 
Lovell, Pardini, & Collins (2007) began the identifica­
tion of the relationship between post-concussion 
symptoms and their relationship to neurocognitive 
test performance. When considering this relationship, 
the first ste_p was identifying foundations of concus­
sion features. The actual diagnosis of a concussion 
may be made when a disturbance is registered in the 
cognitive ability of the individual after sustaining a 
traumatic force to the head or the body. The impact 
should inhibit ability to continue to play and therefore 
requires a professional opinion to determine if the 

athlete would be ready to return to action and poten­
tially suffer additional. Examples of mental change 
would be loss of consciousness, retrograde amnesia, 
anterograde amnesia, and confusion or disorientation. 
Neurorognitive test perl'onnanoo and self-reported symp­
t.oms have not always been consistent constructs. Previ­
ous researcher found that symptoms reported alone 
identified 65% of concussed athletes, while 83% were 
identified via neuropsychological testing 2 days' 
post--concussion. When the symptom report and neuro­
psychological testing were combined there was a 93% 
identification rate of concussed athletes. It was acknowl­
edged that the traditional route of neuropsychological 
testing via paper and pencil which can be time consum­
ing and costly, and could not be administered in a group 
setting. As a prospect, the solution to this issue could be 
the use of group, computerized neurocognitive testing 
for the assessment of concussions and concussion man­
agement. The test offered a cost-efficient measure and 
could be administered in a timely manner, or approxi­
mately 25 minutes. 
The most commonly used computerized neuro­
cognitive test was proposed as the ImPACT. This test 
was found to have an 89.4% positive predictive value 
and an 81.9% negative predictive value. Research and 
testing suggested that the ImPACT could be a suc­
cessful instrument in neurocognitive testing for con­
cussion management. The referenced study examined 
the differences between the groups to determine any 
differences in test performance between participants 
that were concussed symptomatic, concussed asymp­
tomatic, and control participants. The overall differ­
ence between the groups was significant in their 
scores on the six categorized tests of the ImPACT. The 
findings were concurrent with previous research, rep­
resenting an imperfect relationship between symptom 
reporting and neurocognitive performance. This may 
be supported as an important finding since an athlete 
may be likely to underreport his or her symptoms in 
hopes to return to play sooner than advised. 
Kontos, Elbin, Covassin, & Larson (2010). The Im­
PACT has been utilized for baseline testing, as well as 
for the assessment of concussions. It was suggested that 
there had been numerous studies to identify the differ­
ences in baseline test results as well as post-concussion 
test results between different age groups, but Kontos, 
Elbin, Covassin, & Larson (2010) sought to explore the 
differences between African American and Caucasian 
males. This information was suggested as important to 
clinicians testing athletes of different ethnicities in 
sporting contests since the assessment should be made 
to accommodate all races and gender. Previous research 
had been conducted to determine the differences in 
neurocognitive test results in regai_.ds to age, gender, 
learning disability, and concussion history. Albeit, there 
was a need to study other factors that may influence the 
results of neurocognitive testing. 
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Early studies had further indicated differences in psy­
chological testing between Caucasian and African 
Americans. In regards to differences in neurocognitive 
testing, there has only been a difference in the mem­
ory subset between Caucasian and African Americans 
on the Test of Memory and Learning. However, using 
the Arizona Battery for Communication Disorders of 
Dementia, researchers found that Caucasian male 
and females scored higher on the Linguistic Expres­
sion component. Research advised that gender and 
race should not be studied alone and should be in­
cluded with educational factors such as SES, reading 
level, and particularly educational background. 
The present study used a sample of 48 Caucasian and 48 
African American concussed high school and collegiate 
student-athletes. Over the course of the 2-year study, an 
athletic trainer or team physician was the person re­
sponsible for diagnosing the concussion. Each concussed 
athlete was administered the ImPACT at 2 and 7 days 
post-concussion. The participants did not differentiate 
on their scores in regards to baseline or post-concussion 
verbal memory, visual memory, reaction time, and total 
rnported symptoms. There were no differences in base­
line testing as well. This finding along with previous -re­
search suggested that the ImPACT could be culturally 
equivalent and effective in measuring neurocognitive 
performance, particularly across two racial-ethnic 
groups in the present study. The findings indicated that 
there should not be an equivalent test for other races or 
ethnicities besides the original ImPACT. 
Meehan et al. (2011). Meehan et al. (2011) sought to 
investigate the prevalence of neurocognitive testing for 
concussions in the high school setting in the U.S. Com­
puterized neurocognitive assessment was suggested as 
the preferred method of assessment, offering available, 
convenient, accurate, and sensitive assessments for ath­
letes that may be high risk for concussion. It was re­
ported that a previous survey of athletic trainers re­
vealed that only 1. 9% of the respondents completed 
nemooognitive testing when making retwn-to-play. Later 
on, further studies determined that only 16% of primary 
care respondents bad access to neurocognitive testing 
within the week of a sustained injury. Furthermore, an 
additional referenced survey suggested that approxi­
mately 25% of high school sport-related concussions 
were diagnosed with the use of computerize 
neurocognitive testing towards the latter part of the 
2000s. The High School :&~porting Information Online 
(HS RJO) was the source for the gathered information in 
the referenced study. Any high school that employed an 
athletic trainer qualified for the study. The survey had a 
97 .3% response rate from 178 schools. Of the responding 
schools, approximately 40% utilized oomputer.iz.ed 
neurocognitive testing in concussion management. Among 
tbe reported schools the majority utilized the ImPACT 
(93%). Over two-thirds of the schools that used comput­
erized neurocognitive testing only tested certain sports. 
Greater than 85% of the schools performed both base-

line and post-injury tests. All schoo1s reported using the 
results from the neurocognitive test as tool to determine 
if an athlete can return to play. In an academic year, the 
percentage of computerized neurocognitive testing rose 
from 25.7% to 41.2%. 
With the growing rate of concussions and the support of 
the media, it was suggested that school were reaching 
out to professionals to aid in the decline of concussions 
and premature return to play. It was posted as difficult 
to determine an athlete's functioning if there was no 
baseline test to compare to the post-concussion results. 
The prevalence of computerized neurocognitive testing 
had risen; students were likely to understand that a 
lower baseline test score will be a way of limiting their 
chances of being diagnosed with a concussion and there­
fore not missing playing time. It is important to note 
that the ImP ACT should be utilized with other clinical 
assessments such as symptoms reporting and postural 
control to increase diagnostic accuracy. 
Krol et al. (2011). It was posted that with symptom 
reporting becoming critical to the assessment of con­
cussions, an accurate reading should be utilized in ev­
ery test. Symptom reporting could be influenced by 
many factors, including demographics, clinical, or 
methodological variables. Literature bad stated that 
the social aspects of reporting symptoms, such as 
method and type of information, could have an effect 
of the accuracy ofreporting. Specifically, information 
collected via interview could be subject to "interviewer 
effects" which may be based on the chru:acteristics of 
the interviewer. This was suggested as importation to 
take into consideration when determining the symp­
toms of concussions from athletes directly. 
Krol et al. (2011) examined the difference between symp­
tom-reporting to an interviewer in contrast to simply a 
questionnah-e in mild traumatic brain iajury (mTBD. The 
questionnaire received approximat.ely three times the av­
erage of the symptoms acquired in the interview. Krol et 
al. explored the differences in concussion symptoms ob­
tained via questionnaire and symptoms obtained in an 
interview with the gender of the interviewer being the 
independent variable. Participants in the self-report 
group reported a greater total symptom score than par­
ticipants in the interview group. There was a significant 
difference between the groups that were interviewed by 
a male interviewer as opposed to a female interviewer. 
Given these findings, it is important to consider the 
method of intake reporting symptoms in the overall as­
sessment, and a comparable measure used at baseline 
and post-concussion. 
Schatz & Maerlender (2013). According to Schatz & 
Maerlender (2013), the reliability, validity, and utility 
of the ImPACT, a computer-based neuropsychological 
test, for the purpose of the diagno$is, assessment, and 
management of sports-related concussions, had been 
consistently documented and debated in literature. 
Witb concussions remaining a popular topic in the 
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field ofneuropsychology, the instruments of measure­
ment should continue to be scrutined. While there was 
continued skepticism about computer-based neuropsycho­
logical assessment for concussion, the ImPACT was 
proported to still represent the most widely-used mea­
surement of sports-related concussions. 
Authors reported that the ImPACT test had been de­
veloped over the course ofits lifetime since 1999, origi­
nating as a file on Windows machines, to the online 
application through a web browser. The initial test 
generated three composite scores including memory, 
reaction time, and processing/visual motor speed. Vi­
sual memory and impulse control were introduced 
later on strictly fo1· reseai·ch purposes and not clinical 
purposes. The purpose of the present study was to val­
idate the existence of a two-factor structure on the Im­
PACT (memory and speed) using composite scores, as 
well as evaluate the utility of the two-factor with re­
spect to the ImPACT's reliability and validity. 
The first study collected a baseline sample for the Im­
PACT of 21,357 middle school, high school, and colle­
giate athletes, with a mean age of 15.5. A concussion 
sample was obtained, composed of 560 middle school, 
high school, and collegiate athletes that completed a 
preseason baseline test, sustained a concussion, and 
were. treated within seven days. The results of the 
first study concluded that the variance of factor analy­
sis (verbal memory and visual memory as "memory'', 
visual motor speed and reaction time as "speed") for 
the baseline group as well as the concussion group 
were almost identical (72.5% to 78.8%). 
The second study analyzed 1-month, 1-year, and 
2-year test-retest reliability. Intra-class correlation 
coefficients (ICCs) were calculated as an indicator of 
test-retest reliability. The ICC scores for memory and 
speed were both higher than the composite scores of 
the three samples that were analyzed. The two-factor 
composite scores yielded more reliable results than 
the use of individual composite scores. It was noted 
that concussed athletes shared W.gher levels of 
post-concussion symptoms, representing decreased 
variance relative to a wider range of post-concussion 
scores among memory and speed. 
Resch et al. (2013). Resch et al. (2013) identified the 
potential test-retest differences. The study used two 
time intervals to see if the ImP ACT would composite 
scores would reach an ICC value of0.75 or higher. The 
two time intervals were tested in two different groups 
located in different countries. Approximately half of 
the composite score values fell below acceptable reli­
ability for clinical interpretation. The ICC values in 
the second group were less than the other group, with 
the second group experiencing a longer time frame be­
tween the tests. This indication suggested that the re­
liability of the ImPACT decreases over time, therefore 
warranting more frequent baseline testing. 

McKay et al. (2013). As stated by McKay et al. (2013), 
neuropsycbological baseline testing is not only resource 
intensive, but also not always possible to be achieved. 
This could be an important matter to consider in the 
scope of ultimately completing a diagnosis, evaluating 
that baseline represents an essential feature toward 
identification to the diagnosis of a concussion. This par­
ticular study examined concussions among elite ice 
hockey youths. Concussions were reported to account for 
approximately 15o/i:r 18% of all injuries sustained within 
younger athletes. It was reported there may be a range 
of baseline tests that are popu1ation-specific, given that 
resources are limited in most clinical and athletic set­
tings. When considering a baseline testing instrument, 
the tester needs to take into accounts that as adoles­
cents increase in age, they similarly increase in cogni­
tive ability, therefore performing better on neuro­
cognitive tests. Although there are reported differences 
in scoring between sexes, the present study did not find 
related differences. 
Again, the purpose of the present study was to deter­
mine population-specific reference values and 
psychometric properties of the ImPACT within elite 
youth ice hockey. It was also intended that informa­
tion be presented in terms of clinical interpretation of 
composite and symptom scores. The baseline test was 
administered to the participants and took approxi­
mately 30 minutes to complete, yielding the five com­
posite scores for visual memory, verbal memory, vi­
sual motor processing speed, reaction time, and 
impulse control. It was noted that the ImPACT also 
provides a total symptom score, based on the ratings 
of 22 post-concussion symptoms on a scale of 0 to 6. 
The baseline test did not yield any differences be­
tween sexes and the concussion history. The study 
produced the same results of the youth hockey groups 
as the average baseline collegiate baseline results. All 
composite scores fell within the average range as well. 
The only issue that the authors of the present study 
encountered was recall bias. That is, youth may not 
have been able to recall all of the concussion symp­
toms in their past in addition to their medical history. 
Covassin, Crutcher, & Wallace (2013). Although it 
is recommended that the sustainment of a concussion 
may be assessed on the sideline immediately, it is also 
purported that the ImP ACT may be utilized as a mea­
sure beyond immediate assessment. Typically, an ath­
lete may experience several types of symptoms be­
yond the actual concussion, such as further cognitive, 
behaviol'al, sleep, and somatic symptoms for an ex­
tended period of time. During the post-concussion pe­
riod, if an athlete partakes in a physical or cognitive 
activity, then it may be probable that their symptoms 
may worsen. 
Covassin, Crut.cher, & Wallace (2013) investigated the 
effects of a 20-minute cognitive task on the symptoms at 
3- and 10-day periods post-concussion. While neuro-
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cognitive assessment represents the leading method in 
diagnosing concussions, the present study was particu­
larly significant. The objective was to examine if the con­
cussion symptoms worsened immediately following the 
participants' performance on the ImPACT. A cross-sec­
tional study design was utilized to compare the concus­
sion symptoms from baseline, 3 days post-concussion, 
and ten days post-concussion. A total of 165 high school 
and collegiate athletes served as participants. Each par­
ticipant was clinically diagnosed with a concussion; the 
athletes experienced a significant decline in their test 
performance after the 3-day period in each category 
(verbal memory, visual memory, reaction time_, motor 
processing speed). On day 10 visual memory and motor 
processing speed scores both returned to ba&eline scores. 
More :importantly, after 3 days post-concussion the ath­
letes exhibited greater symptoms of headache, nausea, 
dizziness, sadness, mentally foggy and visual problems 
compared to the ImPACT test after the concussion was 
sustained. Therefore, the study showed that a 
neurocognitive test after the concussion does in fact pro­
long the symptoms. This is an important concept to con­
sider, especially since that neurocognitive assessments 
following concussions represents the leading method for 
diagnosis. However, the study did take into consider­
ation that the athletes were also attending school after 
the concussion. 
Ott, Schatz, Solomon, & Ryan (2014). The Im­
PACT, as reported by the authors, was shown as a 
widely used instrument that must be diversified for 
different cultures and languages. According to the hn­
PACT developers, the test requires a 6th grade read­
ing level to generate an accurate report on the diagno­
sis of a concussion. The ImP ACT was reported to be at 
that time to be available in 21 different languages. Ac­
cording to the 2010 census, 16.3% of the population at 
the time of the study in the U.S. was Hispanic. The 
Census Bureau estimated that by 2050 the population 
will be 30% Hispanic, resulting in an increase of His­
panic athletes in the population. This prediction was 
predicted to increase the necessity of the ImPACT to 
be fully accurate and culturally adaptable. 
Ott, Schatz, Solomon, & Ryan (2014) examined patterns 
in neurocognitive test performance between bilingual 
Spanish and English athletes as well as English-speak­
ing athletes. The results revealed a significant differ­
ence between performances on the lmPACT with the 
Hispanic-speaking paiticipants testing better in Eng­
lish but not remarkably improved than English-speak­
ing participants. This information would be relevant for 
researchers and clinicians, considering such personnel 
adrrrinister and interpret the hnPACT across different 
languages and cultures, especially within persons with 
Hispanic descent. 
Meier et al. (2015). With the ImPACT and netrro­
cognitive testing and concussion management increas­
ing in popularity, the possibility offalsifyingresults was 

suggested to be a realistic concern. As discussed previ­
ously, reporting of symptoms 1·epresents an important 
feature of neuropsychological testing, considering symp­
tom reporting accompanies concussion management. 
Whether an athlete reports their symptoms could be a 
determining factor in both diagnosis and treatment. 
Meier et al. (2015) sought to examine the environment 
in which athletes are more likely to report their symp­
toms appropriately. They compared self-reported symp­
toms in an onsite athletic facility versus a confidential 
research setting. Athletes completed the ImPACT at 
their athletic facilities under supervision of athletic 
trainers following a diagnosed concussion. Athletes also 
completed the ImPACT at a research institutes in confi­
dentiality; To test for symptom reporting accuracy the 
Hamilton Anxiety Rating Scale and Hamilton Depres­
sion Rating Scale were also administered. Athletes in 
the athletic facility reported significantly fewer symp­
toms than those in. the confidential research setting. The 
study supported the notion that there needs to be a 
better method of education for athletes and athletic 
trainers on the severity of concussions. An athlete must 
recognize the need to realize that sustaining a concus­
sion and not properly treating it can lead to additional 
damage and possible longer time away from their sport. 
Ignoring the symptoms for purposes related to playing 
time can be detrimental to the athlete's career and fu­
ture cognitive functioning. The underreporting of con­
cussion symptoms must be addressed in all settings to 
ensure the safety of the athletes. 

Future Research Directions 

There are several factors that should be taken into 
consideration when utilizing the ImP ACT for futme 
research. First and foremost, the validity of the test 
should be examined further. The incorporation of sim­
ulated malingering would be of great value during the 
administration of the baseline test when conducting 
research. The ImPACT has built in validity indica­
tors, so there should be direct testing of these indica­
toTs. If athletes can manipulate their score on the 
baseline test to lessen their chances of being diag­
nosed with a concussion, then this raises a cause for 
concern. The main reason that an athlete would not 
want to be diagnosed with a concussion and play 
through it would be to increase their playing time for 
various reasons. Testing the ability of athletes to gen­
erate a sub average score would assists to further in­
crease the validity of the ImPACT. 

Secondly, the knowledge of concussions and concus­
sion testing of the athlete should be taken into ac­
count in the initial baseline testing and interview re­
sults. If an athlete becomes aware of the purpose of 
the test and recognizes that it is for the betterment of 
their health, then this could lead to a better outcome 
for the overall testing and management of concus­
sions. Incorporating a survey or Likert scale in the ini-
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tial screening of the athlete could determine if ath­
letes are familiar with the process and overall r_eason 
for a baseline test. If there is a need for proper educa­
tion on concussions and concussion management, 
then there should be a broader education system for 
athletes and the importance of the detection and 
proper management for concussions. 

Conclusion 
Sports represent a vital function to society. There has 
been evidence of better societal outcomes for people 
that participate in sports throughout their life. With 
the participation of sports, there is the fact that inju­
ries will be sustained. The majority of contact sports 
injuries are closed head injuries that are happening at 
a growing rate. With the increasing prevalence of con­
cussions, there is a greater need for testing and man­
agement of head injuries. The ImPACT has repre­
sented a main tool for concussion management and 
research in the last decade. This is evidenced by the 
research referenced previously. Future research 
should take into account the education that the ath­
lete has received about concussions and concussion 
managements, as well as a continued effort to validate 
the ImP ACT test as a whole. The implementation of 
simulated sub average performance would be ideal to 
test the current state of validity. If researchers can 
understand how a student-athlete can manipulate 
their test score, the progression of concussion testing 
and management will be more productive in the fu­
ture. 
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