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Computerized neuropsycognitive testing for concussions has become increasingly popular in recent 

years and have been shown to have value in making the all-important return to play decision. 

Because they can detect subtle signs of cognitive impairment indicating that an athlete's brain has not 

fully healed, even where the athlete claims his symptoms have cleared, the tests are designed to help 

to protect young athletes against the risk of suffering a second concussion by returning too soon, 

which can lead to short- and long-term cognitive problems, and catastrophic injury or even death 

from second impact syndrome. 

The current international consensus of experts (Zurich consensus statement),[1] views computerized 

neuropsychological or neurocognitive (NP) testing as having clincal value in evaluation for concussion 

and as an aid in determining when it is safe for an athlete to return to play after a concussion, and 

recommends formal baseline NP screening of athletes in all organized sports in which there is a 

high risk of concussion (e.g. football, hockey, lacrosse, soccer, basketball), regardless of the age or 

level of performance.  The National Athletic Trainers' Association 2014 position statement on the 

management of sport-related concussion[14] says all athletes should "ideally" undergo a preseason 

baseline assessment, but, that, at a minimum, athletes who are at a high risk of concussion based on 

their sport should be included in any baseline testing program, with athletes with a significant 

concussion history, or other relevant pre-existing condition, such as attention-deficit hyperactivity 

disorder, tested on an individual basis.  

Baseline pre-injury and post-injury computerized neurocognitive testing is now commonplace at the 

professional and collegiate level, and is increasingly used at the high school level as well. 
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A recent study[2] found that computerized neuropsychological testing was used to assess fully four in 

ten concussions suffered by high school athletes during the 2009-2010 school year (albeit at high 

schools with an athletic trainer on staff), up from one-fourth (25.7%) in the short space of just 

one year.[3] 
In the absence of NP and other testing (e.g. formal balance assessment), the Zurich statement says 
a more conservative approach to return to play approach may be appropriate, especially for children 
and adolescents. 

Computerized tests  

For years the only way to test cognitive function was with so-called "paper and pencil tests". 

More recently, computer-generated neuropsychological test programs have been developed and are 

currently being validated in the sports setting. They include: 

1. Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT) developed at the 
University of Pittsburgh Medical Center (by far the most widely used and studied 
neurocognitive test); 

2. XLNTbrain Sport,TM which provides neuro-cognitive baseline testing that includes emotional 
measures and is integrated with compliant education, advanced concussion detection and 
recovery protocols with an annual subscription. 

3. Computerized Cognitive Assessment Tool (CCAT) marketed in North America by Axon Sports 
and developed by CogState of Victoria, Australia; 

4. Concussion Resolution Index (CRI) developed by HeadMinder, Inc. of New York, NY;  

5. Automated Neuropsychological Assessment Metrics (ANAM) system: a PC Windows-based 
test protocol developed by the National Rehabilitation Hospital Assistive Technology and 
Neuroscience Center in Washington, DC (Editor's note: a joint investigation by National Public 
Radio and Pro Publica, which aired on NPR's "All Things Considered" on November 28, 2011, 
severely questioned the reliability of this program, which was developed and is primarily used 
by the military);[8] and 

6. Concussion Vital Signs, a web-based neurocognitive assessment platform developed by CNS 
Vital Signs and marketed by Pearson, which provides a brief, web-based neurocognitive 
baseline and post-injury testing solution, a self-reported history, mobile-deployed sideline 
assessment, and a post-concussion symptom checklist.[13]    

Advantages 

Computerized tests have four significant advantages over traditional pencil and paper 

neuropsychological tests: 

• Rapid scoring: tests take less time (more traditional pencil and paper neuropsychological 
tests usually take an hour or more to administer); 

• Ease of administration: the tests do not need to be administered by a neuropsychologist. 

• Increased test-retest reliability.  Some tests allow for infinite variety in the test questions that 
reduce the practice or learning effects seen with more traditional neuropsychological test 
batteries. 
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• Greater accessibility: The computerized test batteries are accessible to a wide range of 
clinicians, including athletic trainers and, even to parents of athletes (although experts strongly 
caution against use by untrained or undertrained personnel in "cookbook fashion." 

One recent study suggests that the tests may also help clinicians predict, when combined with an 
athlete's scores on the Post-Concussion Symptom Scale in the first 2 to 3 days post-injury, whether a 
concussion will require protracted recovery (more than 14 days),[5] although the study have been 
criticized  for using only post-injury test results without comparison to pre-injury baseline test results, 
and as lacking in practical value in the care of individual athletes which, current concussion 
management guidelines say, requires individualized assessment and treatment.[4] 

Important role  

A 2011 study [7] shows for the first time the important role computerized neuropsychological testing is 

playing in concussion assessment and return to play decisions. Athletes who had undergone pre-

season, baseline computerized neuropsychological testing, and were then re-tested after suspected 

concussion, were less likely to return to play on the same day, and less likely to return to play within a 

week of their injury, than the three out of four injured athletes who did not undergo such testing. 

The authors suggested three possible reasons: 

1. computerized tests were more reliable in gauging whether an athlete's cognitive functioning 
(ability to think, concentrate, learn, and reason) had returned to baseline than self-reporting by 
athletes of signs and symptoms (which, in the interest of a quick return to play, an athlete may 
downplay or fail to report altogether); 

2. the use of such tests by those providing concussion management leads them to be more 
conservative in return-to-play decisions; and/or 

3. neurocognitive testing is used more often in cases of severe concussions that require 
extended recovery times before return to play. 

Limitations  

Despite their increasingly widespread use, computerized tests faces many of the same challenges as 

with use of  traditional paper-and-pencil neuropsychological tests, and, because they do not test all 

the cognitive domains that some specific pencil-and-paper tests measure, have other limitations, 

including: 

• Questions regarding test reliability: As noted in a recent clinical report by the American 
Academy of Pediatrics, "one critique of the computerized tests is that the vast majority of 
studies have been conducted by the developers of the tests themselves, which raises some 
concern for bias, because some independent study results have suggested slightly less 
reliable results." [4] The ANAM test has recently came under severe criticism,[8] and the test-
retest reliability of ImPACT has also been questioned in a number of recent studies. [10,11] 

• Validity, sensitivity, and specificity in peer-reviewed literature.[6,14] While neurocognitive 
testing is widely viewed as the cornerstone of the concussion-assement process, when used 
in isolation, it should never be used by itself, but rather in conjunction with symptom and other 
(e.g. balance, visual) assessments in diagnosing concussion and the readiness of an athlete 
for return to play after completing a symptom-limited graduated exercise protocol; 
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• Required user training and qualifications:  The Zurich consensus statement says 
"[n]europsychologists are in the best position to interpret NP tests by virtue of their background 
and training," while the Centers for Disease Control's FAQs about Baseline Testing [9] states 
that, ideally, and where possible, a neuropsychologist should interpret the computerized or 
paper-and-pencil neuropsychological test components of a baseline exam. As for who should 
administer baseline tests, the CDC was even more emphatic, stating flatly that "baseline tests 
should only be conducted by a trained health care professional."  While the NATA position 
statement says an AT can conduct the baseline testing, but is silent on who should interpret 
the results to determine whether they are valid.  As for interpretation of post-injury data, the 
NATA says a neuropsychologist or physician with specific concussion training should interpret 
the data.[14] 

• Hardware and software issues inherent to computerized testing; and 

• User costs. 

Children and adolescents: different rules  

The Zurich consensus statement recognizes that in the "majority of cases, NP testing will be used to 

assist return to play decisions and will not be done until [the] patient is symptom free." 

For children and adolescents, however, different testing rules may apply: 

• Testing while symptomatic. In contrast to adults and athletes in their late teens, NP testing 
may be performed while the young athlete is still symptomatic in order to assist in school and 
home management;[5,6] young athletes need to limit exertion in day-to-day activities and 
scholastic and other cognitive stressors (e.g. text messaging, video-games, etc.) while 
symptomatic ("cognitive rest"), which in some cases may require restricting school attendance 
and extracurricular activities to avoid making symptoms worse.1 Clinical evaluation of such 
athletes for concussion may also need to include both patient and parent input, as well as 
teacher and school input, where appropriate. If an athlete experiences post-concussion 
symptoms over several months (post-concussion syndrome) or has had multiple concussions, 
formal assessment by a neuropsychologist may be helpful, specifically to identify areas for 
which the athlete may need academic accommodations. 

• Adjusted for age and maturity level. Whatever cognitive testing is performed, it must be 
sensitive to the fact that athletes younger than their late teens are not only growing physically, 
but cognitively, at a rapid rate, which may limit the value of test results when comparing them 
to either the athlete's own, earlier baseline performance or to what is considered "normal" 
among his peer population. Note: different rules will apply for children below age 10, because 
such children report different symptoms - thus requiring a different, age-appropriate symptom 
checklist [12] as an assessment component.There is currently no established, validated 
computerized neuropsychological test for the grade school athlete, although a computerized 
test for use in the athletes younger than 12 years is currently being developed. 

• Repeated annually or every two years.  The Centers for Disease Control [9] recommends 
that most components of baseline tests (such as balance assessment, and the presence of 
any concussion symptoms) be repeated annually to establish a valid test result to which post-
concussion results can be compared, and that baseline computerized or paper-pencil 
neuropsychological tests be repeated every two years.  The CDC notes that more frequent 
neuropsychological testing may be needed if an athlete has a history of concussions or if the 
athlete has a medical condition that could effect results of the test."  The NATA recommends 
that athletic trainers conduct annual baseline tests on athletes, if appropriate resources are 
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available, most crucially in adolescents, whose brains are continuing to develop, and in those 
who have sustained a concussion since their previous test.[14] 
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