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 ABSTRACT 

While substantial literature exists regarding the neurocognitive sequelae of 

concussion and return to play determinations for student-athletes who have suffered a 

concussion, there is a paucity of research that has conceptualized the impact of 

concussion on common academic outcomes.  This study examined these topics in an 

attempt to evaluate the impact of concussion on GPA and school attendance, the 

association of preinjury neurocognitive performance to changes in academic achievement 

following a concussion, as well as the relationship between baseline neurocognitive 

performance and academic outcomes.  The change in monthly assignment GPA and 

attendance were analyzed for three comparison groups (concussion, other sport-related 

injuries, control) regarding their differences pre and post injury.  Second, whether a 

student-athlete’s performance on a computerized baseline neuropsychological assessment 

(ImPACT) moderated the change in monthly assignment GPA for a group of concussed 

student-athletes identified as either short recovery or long recovery was investigated.  

Lastly, the association between baseline ImPACT scores and cumulative 

GPA/standardized achievement measures was examined for the entire group of student- 

athletes.  Results of this study indicated no systematic differences between comparison 

groups (concussion, control, and injury) with the change in pre and post injury monthly 

assignment GPA and daily attendance rates, although academic declines were evident 

among all student-athletes.  Further analysis revealed that more athletes who experienced 

concussions evidenced a significant drop in GPA (> .5) than would be expected by 

chance. Contrary to expectations, baseline ImPACT assessment scores did not moderate 

the degree of academic decline for concussed student-athletes within the short or long 
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recovery groups.  Finally, baseline ImPACT composite scores were significantly related 

to general academic achievement outcomes.  Specifically, the ImPACT Visual Memory, 

Visual Motor and Reaction Time Composite scores significantly predicted GPA.  

Standardized academic achievement scores as measured by the Arizona Instrument to 

Measure Standards (math, reading, writing and science) were all significantly predicted 

by the baseline ImPACT Visual Motor Composite score.  This study highlights the risk 

factors that may lead to diminished academic performance for student-athletes and the 

pre-injury neurocognitive variables measured by ImPACT that predict academic 

performance for student-athletes.   
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Effects of Sport-Related Concussion and Pre-Injury Neuropsychological Functioning on 

Academic Outcomes 

CHAPTER 1: INTRODUCTION 

This chapter provides general research findings pertaining to sport-related 

concussion.  It will cover an overview of concussion, considerations of appropriateness 

for returning to competition and learning, and the neurocognitive assessments that aid in 

those determinations.  This chapter attends to the lack of information available for 

academic outcomes for high school students as it relates to sport-related concussion.  This 

chapter concludes with the purpose of the study, the specific research questions and 

associated hypotheses for each question, and with definitions of key terminology. 

Introduction to the Problem 

Each year approximately 300,000 individuals are treated for sport-related 

concussions involving loss of consciousness (Thurman, Branche, & Sniezek, 1998), with 

approximately 173,000 children aged 19 years and younger being treated in emergency 

rooms for nonfatal traumatic brain injuries (TBI) related to sports and recreation activities 

(CDC, 2011).  However, this number is considered grossly underestimated, with other 

estimates ranging from 1.6 to 3.8 million sport-related concussions occurring each year 

(Langlois, Rutland-Brown, & Wald, 2006).  The incidence of concussion in sports and 

national media attention has placed concussions in the spotlight.  Concussions, or mild 

traumatic brain injuries (mTBI), are caused by a bump or blow to the head that produce 

chemical and structural disruptions in normal brain function (Lewandowski & Rieger, 

2009).  Although the National Federation of State High Schools (NFHS) and the Fourth 

International Conference on Concussion in Sport have articulated return to play (RTP) 
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guidelines following a concussion (McCrory et al., 2013; NFHS, 2011), limited research 

has examined academic outcomes following a sport-related concussion in high school 

athletes as it relates to a student-athlete’s return to the classroom.  Classroom activities 

requiring short-term and long-term memory, concentration and organization may prove to 

be difficult for the student-athlete after suffering from a concussion (NFHS, 2011).  The 

cognitive demands of school have been shown to increase concussion symptoms and 

lengthen recovery (Sady, Vaughn, & Gioia, 2011).  Having an understanding of the 

academic challenges that student-athletes experience and the long term educational 

outcomes following a concussion is necessary for effective concussion management 

(Ewing-Cobbs et al., 2004). 

Concussion Basics  

Concussion has been defined as “a direct or indirect force to the head that results 

in immediate, short-lived, neurological impairment (e.g., amnesia, loss of consciousness, 

confusion) that resolves spontaneously, typically followed by physical, cognitive, 

emotional symptoms and sleep disturbance” (Sady et al., 2011, p. 2).  Acute clinical 

symptoms are not thought to be the result of a structural injury and may or may not 

include loss of consciousness (McCrory et al., 2009).  There are individual variations in 

the presence, severity and duration of symptoms within the cognitive, physical, 

behavioral and sleep domains (Gioia, Isquith, Schneider, & Vaughan, 2009).   

Somatic symptoms can include: headaches, fatigue, nausea/vomiting, dizziness or 

balance problems (Gioia et al., 2009).  Sleep related symptoms include: sleeping more or 

less than typical, drowsiness and difficulty falling asleep (Gioia et al., 2009).  

Emotional/behavior symptoms can include: irritability, nervousness, emotionality, social 
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withdrawal, easily overwhelmed and decreased motivation (Lewandowski & Rieger, 

2009).  Cognitive symptoms can include decreased attention and/or executive 

functioning, reduced processing speed and reaction time, and problems with learning and 

memory (Gioia et al., 2009).  Concussion symptoms may be evident immediately after 

injury, but others may be delayed by hours following injury (Grady, 2010; McCrory et 

al., 2009).  

  Basic pathophysiology.  Concussions affect both the structure and functioning of 

the brain.  The jolt or blow to the head during a concussion can cause stretching and 

tearing of neurons which further damages the cells and creates chemical changes in the 

brain that impact normal functioning (Lewandowski & Rieger, 2009; NFHS, 2011).  

Sady et al. (2011) indicated the following: 

Acceleration and deceleration forces shake the brain inside the skull, setting off a 

complex cascade of shifts in ionic concentrations, release of excitatory amino 

acids, altered brain glucose metabolism, lactate accumulation, and reduced 

cerebral blood flow, along with temporary disruptions in neural membranes that, 

together result in impaired connectivity, changes in neurotransmission and a 

veritable energy crisis. (p.3)  

 

 This neurometabolic cascade manifests itself via the symptoms of concussion (Sady et 

al., 2011).    

Recovery.  Recovery from a concussion can vary from days to months (Gioia et 

al., 2009).  Epidemiological studies have suggested that the majority of symptoms resolve 

within seven days post injury with 54.2% of student-athletes being allowed to return to 

competition within 10 days post injury (Meehan, d’Hemecourt, Collins, & Comstock, 

2011).  Lau, Collins, and Lovell (2011, 2012) found that the use of computerized 

neurocognitive testing at the beginning of recovery helped to identify which individuals 

were at risk for lengthy recovery times and specific cut-off scores from these 
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computerized neurocognitive assessments were useful in detecting students with 

protracted recovery.  Early identification, assessment, and management of concussion 

symptoms remain important in a student-athlete’s return to competition due to the risk of 

subsequent re-injury and its related ill effects (Gioia et al., 2009).  Returning to play 

prematurely before the brain has recovered places the athlete at further risk for reinjury.  

A secondary concussion can cause prolonged recovery and other potential long term 

difficulties (Gioia et al., 2009).  Student-athletes who have sustained one or more 

concussions may experience long-term impairments in executive functioning and 

processing speed (Collins et al., 1999).   

The Second and Third International Conferences on Concussion in Sport in 2004 

and 2008 discussed the importance of physical and cognitive rest to recovery (McCrory 

et al., 2005; McCrory et al., 2009).  Findings from these conferences clearly delineated a 

graduated RTP protocol (i.e., no activity, light aerobic activity, sport-specific exercise, 

non-contact training drills, full contact practice, and return to play; McCrory et al., 2009), 

but only briefly mentioned the importance of limiting cognitive exertion.  Physical and 

cognitive rest should include limiting activities requiring concentration and attention 

(NFHS, 2011).  Loud noises, bright lights, computers, video games, television, and 

texting should all be limited in order not to worsen symptoms (NFHS, 2011).    

As data-driven decisions have been applied to determine when an athlete can 

RTP, systematic research regarding when a student-athlete can return to the cognitive 

demands of the classroom is lacking (Halstead et al., 2013).  In this regard, difficulties in 

school may be noted with activities requiring short-term and long-term memory, 

concentration and organization (NFHS, 2011).  Unlike the RTP protocol, a graduated 
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return to learn (RTL) protocol is difficult to implement due to the complexities of the 

individual student-athlete and their learning environments (McAvoy, 2012).  Following a 

concussion mental fatigue and worsening of symptoms can result from physical and 

cognitive over-exertion (Sady et al., 2011).  Reducing physical demands and cognitive 

rest is, therefore, paramount to recovery (Sady et al., 2011).  To aid recovery, an 

individual must determine a level in which engaging in cognitive tasks does not worsen 

symptoms (Sady et al., 2011; Grady, 2010).  A student-athlete’s successful return to the 

classroom requires collaboration among parents, school staff and medical personnel to 

create an individual accommodation plan “as each concussed student will have a different 

combination of symptoms, a different level of severity and a different rate of recovery” 

(McAvoy, 2012, Academic Adjustments, para. 2).  Nonetheless, in order to make 

appropriate recommendations, research is needed to support the types of data that might 

be useful to monitor the educational impact and recovery from the concussion. 

Neuropsychological Assessment of Concussion 

Baseline and post-concussion neurocognitive assessments such as the Immediate 

Post-Concussion Assessment and Cognitive Testing (ImPACT) battery are commonly 

used as part of a multidisciplinary approach to RTP decisions in high school athletics 

(Johnson, Kegel, & Collins, 2011).  Due to the individual differences between student-

athletes in their performance on tests of memory, attention, processing speed and reaction 

time, baseline neurocognitive testing allows for an evaluation of effects of concussion 

rather than unrelated premorbid factors (Maroon et al., 2000).   

Neuropsychological testing of athletes may be traced back to a study at the 

University of Virginia in 1989, at which time researchers evaluated over 2300 collegiate 
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athletes tracking performance on measures of neurocognitive functioning at various 

intervals post-injury (Barth et al., 1989).  This large scale study and subsequent studies 

have demonstrated that neuropsychological evaluations provide continuous information 

regarding potential neurocognitive deficits and symptoms following a concussion 

(Maroon et al., 2000); however their use in guiding return to learning considerations has 

not been explored.  The use of neurocognitive assessments to identify which student-

athletes may be at-risk for lengthy recoveries (Lau et al., 2011) may provide insight for 

school personnel as to which students may need additional academic adjustments 

following a concussion. 

Baseline assessment.  Computerized baseline testing is typically completed 

during the preseason.  Currently no consistent empirical recommendations are available 

as to how often baseline assessments should be administered (Eblin, Schatz, & 

Covassion, 2011; Grady, 2010).  Interpretation of these baseline assessments should 

include consideration of the brain development associated with adolescence (McCrory, 

Collie, Anderson, & Davis, 2004), as normative raw scores may change each year 

(Grady, 2010).  Further, there are limited to no data on the associations of these 

neurocognitive assessments with academic outcomes such as grades, state standardized 

test scores, and attendance.  Understanding the relationship between these neurocognitive 

assessments and academic outcomes may help school personnel use this data in a 

meaningful way, such as planning academic adjustments for student-athletes, and/or 

considering this information when making data-based decisions regarding instruction.   

Post-concussion assessments.  After a student-athlete sustains a concussion, 

neuropsychological assessments are typically conducted within 24 to 48 hours post-
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concussion or return to school and after approximately five days (Maroon et al., 2000).  

Post-concussion assessment scores are then compared to performance on baseline 

assessments to guide RTP decisions (Moser, Schatz, Neidzwski, & Ott, 2011) and in the 

management of concussion recovery (McCrory et al., 2009).  Assessment of 

neurocognitive function contributes to an overall RTP decision in that cognitive recovery 

based on post-concussion assessments may come either before or after relief of other 

concussion symptoms (McCrory et al., 2009; Maroon et al., 2000).  An immediate post-

concussion neurocognitive assessment can be useful in revealing concussion severity 

which may aid in the overall concussion management (Thomas et al., 2011).  Various 

studies have showed that high school student-athletes performed poorly on measures of 

memory, processing speed and reaction time within a few days post injury through 

approximately two weeks (McClincy, Lovell, Pardini, Collins, & Spore, 2006; Moser, 

Schatz, & Jordon, 2005), and that younger adolescents, ages 12-15, demonstrated the 

greatest decline in neurocognitive function following a concussion on computerized 

neurocognitive measures in comparison to older adolescents, ages 16-18 and college aged 

athletes (Kontos, Braithwaite, Dakan, & Elbin, 2014).  This decline in neurocognitive 

function may be due to the fact that an adolescent’s tolerance for biomechanical forces to 

the brain differ from adults; therefore “if a child exhibits clinical symptoms after head 

injury, then it is reasonable to assume that they have sustained a far greater impact force 

compared to an adult with the same post concussive symptoms” (McCrory et al., 2004, p. 

516). 
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Concussion and Academic Outcomes 

Research demonstrating concussion impact on academic performance in high 

school student-athletes is limited.  Much of the literature is inconsistent and gleaned from 

studies examining TBI of varying severity levels and injury mechanism (i.e., not 

exclusively sport-related concussion).  Methodological problems plague many of the 

scant studies available making generalizations of the impact of concussion tenable.  A 

meta-analysis of mild head injury studies in children and adolescents conducted from 

1970-1995 concluded that the majority of studies evaluating academic, behavioral, and 

neuropsychological functioning following a mTBI revealed null outcomes (Satz et al., 

1997); however it was noted that only two studies evaluating academic outcomes met 

criteria for methodological merit.  To address some methodological problems noted in 

that meta-analysis, Light et al. (1998) evaluated the longitudinal behavioral and academic 

outcomes for children and adolescents, 8-16 years of age, who were admitted to the 

emergency department in 14 California hospitals from 1988 to 1992.  The study utilized a 

strong design with three experimental groups (mTBI, other injuries, and a control group), 

and included a sample size of 119 participants as well as a 1 year follow up.  The 

researchers concluded that mild head injuries were not related to long-term academic or 

behavioral problems, although missing data for 55% of the mTBI group compromised the 

researcher’s conclusions.  

Other more recent studies, have suggested that children and adolescents who have 

sustained a mild head injury have more adverse academic outcomes than children without 

a history of mTBI.  In one of the few studies focused on student-athletes, Moser and 

colleagues (2005) found significantly lower grade point averages (GPA) for student- 
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athletes who had sustained two or more concussions in comparison to student-athletes 

without a history of concussion.  Ewing-Cobbs et al. (2004) examined the development 

of academic skills overtime within a group of children with mild, moderate, and severe 

TBI, with injuries characterized as a closed head injury and requiring hospitalization.  

Although the Ewing-Cobbs et al. (2004) study suggested that academic skills, as 

measured by subtests on the Wide Range Achievement Test and the Peabody Individual 

Achievement Test may recover to average levels, academic competence ratings continued 

to indicate deficits (Ewing-Cobbs et al., 2004).  Further, Hawley, Ward, Magnay and 

Mychalkiew (2004) found that within their sample of 67 school age children with TBI 

from various mechanisms of injury and 14 controls that approximately half of the 

children with mTBI were reported to have difficulty with school, attention/concentration, 

and memory.  Furthermore, Hawley and colleagues (2004) found that nearly half of their 

sample was reading at least one year below their chronological age.  Although these 

academic deficits were noted, the researchers did not have data prior to the mTBI to be 

able to determine if the injury contributed to the difficulties or if they were pre-existing.   

Neuropsychological Functioning and Academic Outcomes   

Although studying academic outcomes following a concussion is important, 

knowledge of a student-athlete’s neuropsychological functioning prior to injury may help 

us to understand who is more vulnerable to injury and/or difficulties among students.  

Support for this supposition, is that research in general has supported that pre-injury 

school performance as measured by cumulative GPA was significantly related to 

common neuropsychological measures (Greiffenstein & Baker, 2003).  However, very 
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few schools use neuropsychological assessment data collected on student-athletes to 

inform general academic performance. 

Nonetheless, general cognitive functioning has been well established as a robust 

predictor of school performance (Neisser et al., 1996).  Executive function (EF) has been 

described as the meta-cognitive processes that are responsible for regulating other low-

level cognitive functions required for purposeful and goal-directed behaviors (Etnier & 

Chang, 2009),  and the EF subcomponents including working memory, shifting, updating 

and inhibition, attention control and behavior regulation have all been associated with 

academic achievement (Best, Miller, & Naglieri, 2011; Clark, Pritchard, & Woodward, 

2010; McClelland et al., 2007; Welsh, Nix, Blair, Bierman, & Nelson, 2010).  Working 

memory has been shown to be associated with performance in English and mathematics.  

Specifically, verbal working memory is associated with performance on English 

standardized tests, and visuo-spatial working memory is associated with performance in 

English, mathematics and science (St. Clair-Thompson & Gathercole, 2006).  Therefore, 

it is important to consider the neurocognitive variables that may predict academic 

performance of student-athletes. 

Statement of the Problem 

There is a dearth of research investigating the impact of sport-related concussions 

to scholastic performance and school attendance.  Although the neurocognitive sequelae 

of concussion (decreased attention and/or executive functioning, reduced processing 

speed and reaction time, and problems with learning and memory; Gioia et al., 2009; 

Sady et al., 2011) and RTP decisions are established in the literature, little has been done 

to conceptualize the impact of concussion on academic outcomes, how baseline 
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neurocognitive performance predicts academic decline, and how  neurocognitive 

measures relate to academic performance among student-athletes.  Therefore, the purpose 

of this study was to investigate the relations between common academic outcomes and 

attendance for student-athletes with a history of concussion, student-athletes without a 

history of concussion, and student-athletes with other nonconcussive injuries.  The 

researcher, in working with the district level administration from a southern Arizona 

school district, evaluated the impact of concussion on common academic outcome 

measures (GPA and school attendance), as well as the association of preinjury 

neurocognitive performance to changes in academic achievement.  Ultimately, whether 

pre-injury neurocognitive functioning and post-injury changes in GPA predict academic 

risk was also investigated.  Lastly, the relationship between a widely used neurocognitive 

assessment (ImPACT) and academic outcomes including GPA and state standardized 

assessments was considered.   

Research Questions and Hypotheses 

This study addressed the following research questions:  

Research question 1: How are measures of academic outcomes impacted by a 

sport-related concussion?   

Hypothesis 1: Concussed student-athletes will demonstrate greater declines in 

academic achievement post-injury as compared to student-athletes without a history of 

concussion and student-athletes with other documented sport-related injuries.  

Hypothesis 2: Concussed student-athletes will demonstrate a greater percentage 

decrease in attendance post-injury in comparison to student-athletes without a history of 

concussion and student-athletes with other documented sport-related injuries. 
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Research question 2: Do baseline neurocognitive ImPACT scores moderate the 

degree of academic decline in concussed student-athletes with short versus long 

recovery? 

Hypothesis 1: Student-athletes in the long-recovery group will exhibit greater 

academic decline than those in the short recovery group. 

Hypothesis 2:  Baseline ImPACT scores (specifically the Verbal Memory, Visual 

Memory and Visual Motor Composites) will moderate student-athletes’ post-injury 

academic outcomes, whereby higher baseline ImPACT scores will buffer against an 

academic decline (outcome) for student-athletes who have suffered a concussion 

(predictor) with longer recovery. 

Research question 3: What is the relationship between baseline ImPACT scores 

and school outcome measures (including state standardized assessments) for all student-

athletes? 

Hypothesis 1:  ImPACT’s Verbal Memory Composite score will be related to a 

student-athlete’s overall GPA. 

State standardized test performance in math, reading, writing and science, as 

measured by the Arizona Instrument to Measures Standards (AIMS) were examined in an 

exploratory fashion.   

The objectives of this study were to (a) provide information regarding the impact 

of concussions on common academic outcomes, (b) provide information regarding 

whether  baseline neurocognitive assessments predicts the degree of academic decline for 

concussed athletes, (c) provide information regarding the relationship between baseline 

neurocognitive performance and academic outcomes including state standardized tests 
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following concussion, and (d) add to the existing literature base regarding concussion 

management in the schools.  

Definition of Terms 

Literature related to concussion includes terms and definitions that may be used 

differently across studies.  The following terms and definitions are provided for the 

purpose of clarity, as they relate to the current study. 

Concussion.  Concussion has been defined as “a direct or indirect force to the 

head that results in immediate, short-lived, neurological impairment (e.g., amnesia, loss 

of consciousness, confusion) that resolves spontaneously, typically followed by physical, 

cognitive, emotional symptoms and sleep disturbance” (Sady et al., 2011, p. 2).   

Student-Athlete.  A student-athlete is defined as any female or male high school 

student enrolled in grades 9-12 who participated on one or more interscholastic sports 

teams.   

Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT).   

ImPACT is a computerized neuropsychological assessment battery designed to measure 

concentration, attention span, reaction time, visual motor speed and memory (Maroon et 

al., 2000).   

Short recovery.  Short recovery is operationally defined as recovery from a 

concussion that is 14 days or less. 

Long recovery.  Long recovery is operationally defined as recovery from a 

concussion that exceeds 14 days.   
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Grade Point Average (GPA).  GPA is defined as the average of grade points 

earned with A = 4, B = 3, C = 2, and D = 1.  GPA is calculated by dividing the total 

number of grade points a student earned by the total number of credits a student attempts. 

Arizona Instrument to Measures Standards (AIMS).  The AIMS test is a 

standardized assessment given to Arizona high school students to measure their 

performance on the Arizona content standards (AIMS Technical Report, 2013).  The 

AIMS test includes measures of math, reading, writing and science. 

Percentage of Attendance.  Percentage of attendance is defined as the total 

number of days that a student-athlete attends school divided by the total number of days 

within a designated time frame (i.e., month prior to concussion and month following 

concussion). 

Family Educational Rights and Privacy Act (FERPA).  FERPA  

(20 U.S.C. § 1232g; 34 CFR Part 99) is a federal law protecting the access and privacy of 

education records (Jacobs, Decker, & Hartshorne, 2011).  Educational institutions must 

obtain an informed consent to release student records with the exception of specific 

authorizations allowable by FERPA.  For the purpose of this study, a FERPA waiver was 

requested as the educational records of interest required de-identified student information 

(Jacobs et al., 2011). 
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CHAPTER 2: REVIEW OF THE LITERATURE 

This chapter consists of a review of current literature in the areas of concussion, 

neuropsychological assessment as it relates to RTP decisions, and return to learn 

considerations.  Literature related to the academic achievement as it relates to sport-

related concussion will also be discussed throughout this chapter.  

Sport-Related Concussions  

Historical context.  In 1905, President Theodore Roosevelt urged athletic leaders 

from Harvard, Yale and Princeton to consider reforming the game of football due to 

increasing criticisms of the game from multiple deaths associated from cerebral 

hemorrhages, concussions and skull fractures (McQuilkin, 2002).  This football crisis 

came to a forefront when 26 student-athletes died from injuries sustained during football 

games in the 1905 season, and lead to the creation of the National Collegiate Athletic 

Association (NCAA).  Although the initial goal of the NCAA was to deal with the 

brutality of the game, the NCAA has become an organization which promotes the safety 

of student-athletes.  With the implementation of new regulations and protective 

equipment, the number of fatalities decreased significantly and subsequently little 

attention was given to concussive injuries in sport until the 1970’s and 1980’s (Maroon et 

al., 2000). 

At this time in history, case studies, epidemiological, descriptive and retrospective 

studies of football and boxing provided the foundation of empirical data for sport-related 

concussions (Barth et al., 1989).  A case study in 1973 (Yarnell & Lynch) was one of the 

first investigations of concussions in football to conclude that the evaluation of memory 

should be a key component in the overall acute concussion assessment.  These 
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researchers noted that questions regarding consolidated events are better indicators of 

memory impairment than immediate memory questions (Yarnell & Lynch, 1973).  In 

1989, the first noteworthy research study was conducted which investigated the 

neuropsychological effects of concussion in college football players (Barth et al., 1989).  

Baseline neuropsychological assessments and follow up evaluations for concussed 

athletes at three different time periods were obtained.  This study is often cited as the 

impetus for baseline neuropsychological assessments for athletes. 

Additionally, the term second impact syndrome can be traced to a case study in 

1984 (Saudners & Harbaugh).  These researchers described the case of a 19-year-old 

football player who was involved in an altercation resulting in a blow to the head and loss 

of consciousness.  He reportedly complained of headache and nausea to the campus 

infirmary who advised him to avoid contact sports.  He returned to practice three days 

later still experiencing symptoms.  During practice, he was involved in a minor blocking 

play, with no indication of head injury.  He subsequently walked off the field and 

collapsed, dying four days later (Saunders & Harbaugh, 1984).  The serious 

consequences of second impact syndrome have led to the refinements in RTP guidelines.       

Researchers began to define concussion in the 1970’s through the 1990’s, with the 

hope that having a generally accepted definition would lead to treatment and management 

paradigms (Maroon et al., 2000).  Multiple definitions have been proposed, each being 

developed with RTP considerations (Maroon et al., 2000).  In 2001, a symposium of 

experts in the field gathered in Vienna, Austria to provide recommendations for 

concussed athletes (Aubrey et al., 2002).  This was deemed the First International 

Conference on Concussion in Sport.  Subsequent International Conferences on 
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Concussion in Sport have been held in Prague in 2004, in Zurich in 2008, and again in 

Zurich in 2012, each time refining and revising recommendations for the assessment and 

management of sport-related concussion as new research is advanced (McCrory et al., 

2005; McCrory et al., 2009; McCrory et al., 2013).    

Prevalence of concussion.  Approximately 7.8 million student-athletes 

participate in sports in high school (NFHS, 2014).  Incidence reports from the Centers for 

Disease Control (CDC) indicate that annually approximately 173, 285 children are treated 

for TBIs in hospital emergency rooms, with 71% being males between the ages of 10-19 

(CDC, 2011).  Current incidence reports may be an underestimate, as the number 

reported above does not include individuals who sought medical care in other settings 

(i.e., athletic trainer, primary care physician).  Incidence reports suggest that TBIs were 

associated the most for males ages 10-19 from football, whereas concussion in females 

was most associated with soccer (CDC, 2011; Meehan et al., 2011).  Although male 

athletes sustain approximately 75% of all concussions, female athletes are at a greater 

risk for concussion in gender comparable sports, and tend to experience a longer time 

frame for symptom resolution (Lincoln et al., 2011; Meehan et al., 2011).  Concussion 

rates were higher for competitions in comparison to practice (Marar, Mcllvain, Fields, & 

Comstock, 2012), and player to player contact and player to playing surface contact were 

determined to be the most common mechanism for concussion (Marar et al., 2012).   

Concussion represents approximately 15% of all high school sport-related injuries 

(Meehan et al., 2011).  Distribution of concussions per grade level revealed 25.8% for 

freshman, 25.1% for sophomores, 26.4% for juniors and 22.7% for seniors (Meehan et 

al., 2011).  A longitudinal study utilizing data from a large public school system over an 
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11-year-period including 12 sports indicated an overall incidence rate of 0.24 concussions 

per 1000 athletic practice or games (Lincoln et al., 2011).   

Evaluation and diagnosis of acute concussion.  On field or sideline evaluations 

of concussion typically occur by a certified athletic trainer (Meehan et al., 2011).  

Concussion diagnosis relies on clinical examination and indirect objective assessments 

(Broglio & Guskiewicz, 2009).  Once a concussion is suspected the student-athlete 

should be safely removed from the field of play and a battery of assessments are 

recommended.  This battery includes a brief evaluation of neurocognitive functioning, 

symptom reporting and postural stability (McCrory et al., 2009; Broglio & Guskiewicz, 

2009).  Neuropsychological assessments of memory and attention are essential in a 

sideline evaluation and have been noted for their practicality and effectiveness relative to 

standard orientation questions (McCrory et al., 2009; Broglio & Puetz, 2008).  

Concussion screening tools have been developed to aid in the consideration of concussion 

(Broglio & Puetz, 2008).  Such screening instruments have demonstrated high sensitivity 

and specificity for concussion (Broglio & Guskiewicz, 2009).  Following the sideline 

evaluation, a comprehensive medical assessment is recommended (McCrory et al., 2009).   

Symptoms.  Symptoms within the cognitive, physical, behavioral and sleep 

domains can occur with individual variations in presence, severity and duration (Gioia et 

al., 2009) and can affect a student’s ability to perform in the classroom.     

Acute clinical symptoms.  Acute clinical symptoms of concussion can include: 

amnesia, loss of consciousness, headache, dizziness, blurred vision, attentional deficit 

(i.e., confusion, disorientation), and nausea (Johnston, McCrory, Mohtadi, & Meeuwisse, 

2001).  Incidence reporting documented by high school athletic trainers revealed that 
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headache is the most reported somatic symptom indicated by high school student-

athletes, followed by dizziness/unsteadiness, difficulty concentrating, 

confusion/disorientation and sensitivity to light (Meehan et al., 2011).  Loss of 

consciousness was only documented in 4.2% of concussions, with amnesia being 

reported for 21.6% of concussions (Meehan et al., 2011).  Retrograde amnesia is best 

understood as difficulty recalling events immediately preceding the injury (Reddy, 

Collins, & Gioia, 2008), and the presence of retrograde amnesia tends to be more 

predictive of post-concussion sequelae (decline in verbal memory) than loss of 

consciousness (Collins et al., 2003).  Athletes with a history of three or more self-

reported concussions are nine times more likely to experience loss of consciousness, 

anterograde amnesia and confusion for subsequent concussions (Collins et al., 2002).   

Neurocognitive symptoms.  Cognitive symptoms can include decreased attention 

and/or executive functioning, reduced processing speed and reaction time, and problems 

with learning and memory (Gioia et al., 2009; Johnston et al., 2001).  Belanger and 

Vanderploeg (2005) suggested six cognitive domains that may be impaired (orientation, 

attention, executive functioning, memory acquisition, delayed memory and global 

cognitive ability) following a sport-related concussion in their meta-analysis that included 

studies including high school, college and professional sports.  Results regarding the 

neuropsychological impact of sport-related concussion indicated that acute deficits in the 

areas of delayed memory, memory acquisition, and global cognitive functioning were 

strongest within the first 24 hours post concussion.  Testing beyond seven to ten days did 

not demonstrate any remaining neuropsychological deficits, when using within and 
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between subject comparisons, with the exception of delayed memory.  Delayed memory 

was found to have an overall effect size of .41 beyond seven days of testing.  

Other symptom areas.  Emotional/behavior symptoms can include: irritability, 

nervousness, emotionality, social withdrawal, easily overwhelmed and decreased 

motivation (Lewandowski & Rieger, 2009).  Lingering cognitive and somatic symptoms 

may cause some adolescents to develop emotional symptoms such as frustration and 

anxiety (Reddy et al., 2008). 

Sleep related symptoms include: sleeping more or less than typical, drowsiness 

and difficulty falling asleep (Gioia et al., 2009).  A variety of cognitive, behavioral and 

mood changes are associated with sleep disturbances in adolescence (O’Brien, 2009).  

Sleep disruptions can cause excessive fatigue leading to difficulty paying attention, and 

learning new material (Halstead et al., 2013).     

Recovery.  Sady et al. (2011) suggested that recovery from concussion requires a 

multifaceted evaluation of the following:  

Return to neurocognitive functioning to preinjury levels, return of balance 

function to preinjury levels, absences of symptoms (or return to preinjury levels) 

when the individual is at rest, and absences of symptoms when the individual 

engages in physical or cognitive activity. (p.3)    

 

Children and adolescents are susceptible to injuries of all levels of severity and 

prolonged recovery (CDC, 2011; Sady et al., 2011).  Other confounds to recovery include 

premorbid learning disabilities,  ADHD, anxiety or depression,  history of concussions,  

loss of consciousness, and  headaches  (Sady et al., 2011).  Tsushima, Shirakawa, and 

Geling (2013) investigated the neuropsychological and symptom reporting of high school 

student-athletes.  In this study, student-athletes with and without concussion were 

assessed using the ImPACT battery.  As will be discussed in depth later, ImPACT battery 
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is a computerized neuropsychological assessment  designed to measure concentration, 

attention span, reaction time, visual motor speed and memory (Maroon et al., 2000).   

ImPACT scores approximately seven days post injury were compared to the ImPACT 

scores of the nonconcussed participants.  Significant group differences were evident on 

the ImPACT Total Symptoms scores.  

Research by Lau et al. (2011) supported the use of computerized neurocognitive 

testing during the early days of recovery to help identify which individuals are at risk for 

lengthy recovery times.  These researchers investigated the sensitivity and specificity of 

ImPACT to predict protracted recovery (14 or more days to recover).  The results of this 

study provide the foundation for a symptom and neurocognitive testing profile of student-

athletes who may experience a longer recovery period (more than 14 days).  A 

discriminate function analysis indicated that the student-athletes with protracted recovery 

can be predicted accurately 73.17% of the time using the following: symptom reporting 

within the migraine cluster (headaches, vision problems, noise and light sensitivity, 

nausea and dizziness), and demonstrated declines on the ImPACT Reaction Time, 

ImPACT Verbal Memory, and ImPACT Visual Memory from baseline scores.  This 

study highlighted the importance of using neurocognitive assessments to identify which 

student-athletes may be at-risk for lengthy recoveries which may provide insight for 

school personnel as a student-athlete returns to the classroom.  

Adolescents may require a longer recovery time due to the sensitivity of the 

developing brain to release certain excitatory neurotransmitters (Grady, 2010).  Average 

healing times based on neuropsychological assessments for high school athletes range 

from 10-14 days (Grady, 2010); however cognitive recovery based on 
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neuropsychological assessments may come either before or after relief of other 

concussion symptoms (McCrory et al., 2009; Maroon et al., 2000), with general recovery 

times varying from days to months (Gioia et al., 2009).  Thomas et al. (2011) found in 

their study of 66 adolescents with concussions at four weeks post injury that 20% of 

participants still reported not having returned to normal activity (defined as self-reported 

percentage of full activity).  The Fourth International Conference on Concussion in Sport 

held in 2012 emphasized the importance of physical and cognitive rest to recovery, while 

recognizing the lack of evidenced-based recovery recommendations (McCrory et al., 

2013).  Cognitive rest may initially include not attending school (Master, Gioia, Leddy & 

Grady, 2012).  Management of concussion symptoms is best accomplished by limiting 

cognitive and physical exertion (Grady, 2010).  Reducing physical and cognitive over-

exertion is, therefore, paramount to recovery (Sady et al., 2011).  The overarching goal of 

recovery includes determining a threshold in which an individual can engage in cognitive 

exertion and not exacerbate symptoms (Sady et al., 2011).  Worsening of symptoms 

results from physical and cognitive over-exertion.    

Majerske and colleagues (2008) demonstrated that athletes engaging in high 

levels of activity experienced worse neurocognitive functioning and symptom expression 

following concussion than those athletes engaging in moderate levels of activity.  Adding 

to this line of research, Moser, Glatts and Schatz (2012) provided insights into the power 

of cognitive rest.  Their study investigated the efficacy of prescribed cognitive and 

physical rest on concussion recovery for high school and college athletes.  These 

researchers operationally defined cognitive and physical rest to include time away from 

school and academic demands (i.e., homework, reading), no use of technology(i.e., 
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television, texting, computers), no physical exercise, no social interactions outside of the 

home and increased sleep (Moser et al., 2012).  Improved performance on a computer 

based assessment of neurocognitive functioning (ImPACT) and symptomology was 

indicated, whether the prescribed rest was instituted early in recovery (1-7 days) or over a 

month post-injury (Moser et al., 2012).  

RTP.  A graduated RTP protocol is recommended by the Fourth International 

Conference on Concussion in Sport (McCrory et al., 2013).  The student-athlete should 

never be allowed to return to play the same day as sustaining a concussion.  Full clinical 

and neurocognitive recovery must be evaluated before consideration of any return to 

competition decision (McCrory et al., 2009).  The gradated RTP protocol is as follows: 

Step 1.  No activity; Step 2. Light aerobic exercise; Step 3. Sport specific exercise; Step 

4. Non-contact training drills; Step 5. Full-contact practice; and Step 6. Return to play.  

The student-athlete proceeds in a stepwise fashion after being asymptomatic for a period 

of 24 hours.  Should symptoms reoccur during any of the steps, the student-athlete drops 

back one step and proceeds again until asymptomatic (McCrory et al., 2013).  

Epidemiological studies have indicated that the majority of student-athletes were returned 

to competition within 10 days of their concussion (Meehan et al., 2011).  The timing of 

when to return a student to competition has been associated with use of post-injury 

neurocognitive assessments, in that schools employing the use of computerized 

neurocognitive assessments were less likely to have student-athletes RTP within 10 days 

of injury (Meehan, d’Hemecourt, Collins, Taylor, & Comstock, 2012). 

The Fourth International Conference in Sport added RTL considerations into their 

recommendations, in that no RTP for a child or adolescent is recommended until the 
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student has successfully returned to school.  Although this recommendation suggests that 

the field is headed in the right direction, no consensus statement is available as to what a 

successful return to school looks like. 

RTL.  Much attention has been placed on appropriate management of concussions 

and the importance of RTP decisions due to serious complications like second impact 

syndrome, with little regard for how a student will return to the academic environment.  

Thomas et al. (2011) demonstrated in their study that the median number of school days 

missed following a concussion was two days, however the median days to symptom 

resolution was 21 days.  Therefore, students are returning to the classroom while 

symptomatic.  Symptom expression in any one of the domains can impact learning (Sady 

et al., 2011).  Using a concussed brain to learn has been shown to increase symptoms and 

lengthen recovery (Sady et al., 2011).  Headaches, impaired memory, and/or attention can 

all hinder learning (Grady, 2010).  Concentrating for long periods of time may exacerbate 

symptoms, making understanding of new material and recalling previously learned 

material difficult (Halstead et al., 2013).  Visual symptoms such as light sensitivity may 

make it difficult for the student-athlete to concentrate on visual tasks such as seeing the 

Smart board, reading, and copying from the board (Halstead et al., 2013).  Research is 

limited in this area and many of the recommendations for reintegrating a student into the 

classroom are based upon expert opinion (Halstead et al., 2013).   

Cognitive rest is typically recommended by physicians following a concussion, 

but the efficacy and feasibility of this strategy has not been well documented with regard 

to the academic benefits (Halstead et al., 2013).  School is the student-athlete’s primary 

job, and missing school to follow cognitive rest orders is often difficult to implement 
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(Master et al., 2012).  An individual approach to identifying appropriate 

recommendations, such as cognitive rest, for returning to learning is recommended to 

address the individual variations in symptom expression and recovery (Halstead et al., 

2013).  Management of recovery must take into consideration the balance between 

overexerting the brain as not to exacerbate symptoms with the demands of school.  This 

balance becomes paramount in any RTL plan (Halstead et al., 2013). 

Master et al. (2012) recommended a gradual RTL plan that incorporates the 

following stages: 1) Stage 1: No activity which includes complete cognitive rest (i.e., no 

school or homework); 2) Stage 2: Gradually introduce cognitive activity for short periods 

of time, 5-15 minutes at a time; 3) Stage 3: Homework at home before school work at 

school, which includes homework for periods of 20-30 minutes; 4) Stage 4: School re-

entry, consisting of partial days of attendance; 5) Stage 5: Gradual reintegration into 

school, consisting of increasing to a full day of attendance; and 6) Stage 6: Resumption of 

full cognitive load.  Following these stages allows for faster RTP determinations in that 

deemphasizing a RTL plan may actually prolong RTP decisions (Master et al., 2012).  

Outcomes  

Neurocognitive functioning.  The neurocognitive effects of sport-related 

concussion has resulted in inconsistent findings.  A meta-analysis conducted by Belanger 

and Vanderploeg (2005) suggested  an overall effect size of .49 for sport-related 

concussion on neuropsychological measures among high school, college and professional 

sport athletes  in the following domains: orientation, attention, executive functioning, 

memory acquisition, delayed memory and global cognitive ability).  Delayed memory 

and executive functioning yielded the largest effect sizes when comparing cognitive 
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domains.  A review of the impacts of sport-related concussion on memory and executive 

functioning follows.    

 Memory.  Lovell, Collins, Iverson, Johnston, and Bradley (2004) examined 

baseline and two follow up post-concussion ImPACT assessment scores for 43 high 

school student-athletes who sustained a concussion.  The student-athletes demonstrated 

significant declines in verbal memory and increased symptom reporting within 36 hours 

post-injury with recovery to baseline levels at 6 days post injury.  Tsushima et al. (2013) 

found similar results in that ImPACT scores approximately seven days post injury were 

compared to the baseline testing of nonconcussed participants.  Results indicated no 

significant differences between the groups at seven days post injury on all ImPACT 

cluster scores (Verbal Memory, Visual Memory, Processing Speed and Reaction Time), 

although performance was lower for the concussed participants on all ImPACT cluster 

scores. 

On the contrary, other studies have suggested slower neurocognitive recovery for 

high school student-athletes.  McClincy et al. (2006) investigated the neurocognitive 

performance of 104 high school and college athletes.  Participants completed baseline 

and three post injury (2, 4 and 7 days) assessments using the ImPACT battery and Post 

Concussion Symptoms Scale.  Participants demonstrated persistent impairments in verbal 

memory approximately 14 days post-injury.  Differences from baseline within the other 

domain measures (visual memory, processing speed and reaction time) were evident at 

both two and seven days post injury.  If verbal memory is indeed impaired two weeks 

post concussion, questions remain regarding how that translates into the classroom. 
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Executive function.  Other studies have suggested poorer performance on 

neuropsychological measures of attention and concentration (Collie, Makdissi, Maruff, 

Bennell, & McCrory, 2006; Moser et al., 2005).  In a study of 615 football players, 

utilizing a computerized neurocognitive assessment, participants reporting symptoms of 

concussion in comparison to asymptomatic concussed athletes and a group of controls, 

showed greater declines in measures of attention (Collie et al., 2006).  Additionally, 

Moser et al. (2005) examined the prolonged effects of concussion in a group of high 

school athletes with varying histories of concussion (no history, one concussion, two or 

more concussion, and recently concussed).  Results of this study indicated that the 

recently concussed group scored significantly lower on measures of attention, 

concentration, processing speed, and mental flexibility than those with no history or one 

previous concussion.  Of interesting note in this study, is that on measures of cognitive 

flexibility and sustained attention, the recently concussed group and those with a history 

of two or more concussions did not differ significantly from one another,  suggesting that 

neurocognitive recovery may take longer than had previously been noted.   

Adding to this line of research, Collins et al. (1999) examined the influence and 

interacting effects of a history of multiple concussions and history of learning disabilities 

on baseline neuropsychological assessment performance.  Three hundred and ninety three 

male football players reported histories of previous concussions, documented learning 

disabilities, history of psychiatric illness, history of drug use and underwent preseason 

baseline neurocognitive evaluations.  Results indicated that independent of each other, 

history of concussion and learning disability were associated with lower neurocognitive 

baseline performance.  A significant interaction was demonstrated between executive 
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functioning and processing speed and history of multiple concussions (two or more), 

suggesting that a history of concussion was related to deficits in cognitive functioning.  

Academic achievement.  The available studies to date regarding the impact of 

concussion in high school students on academic performance is equivocal.  Much of the 

empirical literature in this area stems from studies examining TBI of varying severity 

levels and injury mechanisms.  A comprehensive meta-analysis conducted by Satz et al. 

(1997) included 40 studies spanning from 1970 to 1995 examining the impact of mTBI 

on the neuropsychological, psychosocial or academic functioning in children and 

adolescents.  From this review, 13 studies were identified as demonstrating an adverse 

impact, whereas 18 studies were found to demonstrate no strong effect, and 9 studies 

indicated indeterminate results (studies that included mTBI patients but did not 

necessarily provide comparisons to other more severe groups).  Of the 13 studies that 

showed adverse effects, only 6 were identified as investigating academic-psychosocial 

outcomes.  Of the 18 studies demonstrating null effects, only nine of those specifically 

investigated academic outcomes, or some combination of academic and 

neuropsychological outcomes.   

The researchers (Satz et al., 1997) noted that methodological problems were 

present in many of the studies and consisted of the following: small sample sizes, 

subjective reports, no control group, and limited use of longitudinal designs.  In 

reviewing the methodologies of these 40 studies, Satz et al. (1997) concluded that only 

two studies met methodological merits for which conclusions could be drawn within the 

academic and psychosocial domains. From those two studies, the researchers (Satz et al., 

1997) summarized that mild head injury was not associated with long term adverse 
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academic outcomes.  However, the authors cautioned against concluding definitively that 

mTBI does not contribute to academic decline following a head injury.   

The first study identified in the meta-analysis as meeting methodological merit 

sought to investigate the neuropsychological, behavioral and scholastic impact associated 

with mTBI (Asarnow et al., 1995).  Using a prospective design, the researchers compared 

two experimental groups (closed head injury and other injury) to a non-injury control 

group with pre and post assessments (1 month, 6 month and 12 months post injury).  

Grade point average (GPA) and performance on standardized achievement measures 

were the dependent measures; however at the time these data were published, data 

collection was incomplete, as only 75% of school records had been obtained.  

Preliminary analysis did not show significant differences between GPA or standardized 

test performance at the one year follow up between the two experimental groups.  Data 

on the 1 month and 6 month follow up were not included.     

The second study identified in the meta-analysis as meeting methodological merit 

(Bijur, Haslum, & Golding, 1990) examined reading and math measures collected at age 

10 for children who had sustained a mild head injury between the ages of 5 and 10 years 

of age. The performance of the mild head injury group was compared to four other 

groups including children with limb fractures, burns, lacerations and a non-injured group.  

Results indicated that the children in all groups did not differ significantly on measures of 

reading and math; however the head injured group did evidence lower academic 

performance scores in comparison to the non-injured group (Bijur et al., 1990).    

Building off of the recommendations noted in the Satz et al. (1997) meta-analysis, 

Light and colleagues (1998) investigated whether scholastic performance and behavioral 
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problems were associated with mTBI.  In this study, the researchers examined scholastic 

performance via school grades and standardized testing.  Using a prospective design, the 

researchers compared two experimental groups (head injury and other injury) to a control 

with pre and post assessments and a one year follow up.  GPA and performance on 

standardized achievement measures were compared for the semester prior to injury and 

again at one year post injury.  The researchers did not find any significant main effects 

for GPA, concluding that mild head injury did not impact academic performance.  

However, when examining the results more closely, they found that pre-injury grades 

were obtained only for 55% of the 119 students and that only 65% of the sample had 

post-injury grades.  Additionally, GPA was examined one year post injury which may not 

have captured the immediate neurocognitive impacts following concussion. 

In contrast to the Asarnow et al. (1995) and the Light et al. (1998) studies, the 

following studies have shown adverse academic impacts.  Barnes, Dennis, and Wilkensen 

(1999) investigated the impact of reading fluency and comprehension in a sample of 

children with and without head injuries post injury.  Using two reading decoding speed 

assessments (reading time for real words and time for nonwords), researchers calculated 

the median and mean response times for each participant for words and nonwords.  

Results indicated that the head injured group was slower than the controls for reading 

both words and nonwords.  Additional regression analysis for the head injury group 

indicated that reading speed and accuracy predicted reading comprehension scores, 

suggesting that children with TBI who demonstrated slower reading fluency and accuracy 

also had trouble with reading comprehension.  This effect may translate to problems in 

classroom performance in that the length of reading assignments and time constraints 
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associated with the daily activities of the classroom environment are different than in a 

testing situation in an experiment (Barnes et al., 1999).   

Ewing-Cobbs et al. (2004) examined the development of academic skills overtime 

within a group of children with mild, moderate, and severe TBI.  Seventy-seven children 

aged 5 to 15 participated in this longitudinal study post-injury for which their academic 

skills were evaluated within the areas of math,  reading decoding, reading comprehension 

and spelling using individual growth curve analysis.  Results from the Wide Range 

Achievement Test and the Peabody Individual Achievement Test indicated that older 

participants (12-15) showed greater increases in performance on measures of arithmetic 

and reading decoding than younger participants suggesting that sustaining a head injury 

at a younger age may disrupt skill acquisition.  Follow-up testing at various intervals 

continued to show improvement in performance relative to the normative sample of the 

assessments used for the mild and moderate group, with the severe group showing 

significant deficits in comparison to the mild and moderate group.  Lewandowski and 

Rieger (2009) concluded that group administered achievement tests may not be sensitive 

to the subtle variations in concussion symptomology.  Alternatively, grades reflect the 

everyday performance in the classroom and may be a more sensitive measure of the 

subtle effects of concussion.  Moreover, grades closer to the date of injury may be better 

suited to determine the impacts of concussion on school performance. 

Other measures, such as teacher ratings of academic performance, have been used 

to demonstrate the academic impact of mTBI.  Hawley et al. (2004) found that 

approximately half of the children with varying levels of mTBI were reported to have 

difficulty with school, attention/concentration, and memory.  Participants within the 
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mTBI group averaged 21.7 days absent from school following their injury and nearly half 

of the sample, regardless of severity levels, was reading at least one year below their 

chronological age (Hawley et al., 2004).  This study’s findings highlight the importance 

of the variety of academic performance areas that can be impacted by mTBI.  However, 

the lack of pre-injury data precluded examination of the change in classroom 

performance and attendance before and after the mTBI. 

Another study revealed significantly lower GPAs for student-athletes who had 

sustained two or more concussions and for athletes who had sustained a recent 

concussion (Moser et al., 2005).  These researchers classified three concussion groups 

(history of one concussion, two or more concussions, and recent concussion) and a 

control group (no history of concussion).  Dependent measures included 

neuropsychological assessments (Trail Making A and B and Repeatable Battery for the 

Assessment of Neuropsychological Status), GPA, and the youth post-concussion 

symptoms scale.  Comparisons indicated that despite being symptom free, student-

athletes who had sustained two or more concussions demonstrated similar 

neuropsychological assessment scores as those student-athletes in the recent concussion 

group; both groups had significantly lower GPAs than those without a history of 

concussion.  Measures of attention and concentration, processing speed, and mental 

flexibility were all significantly different for student-athletes with a recent concussion 

injury than those in the control group and student-athletes with a history of one 

concussion.  The student-athletes in the recent concussion group also demonstrated 

significantly lower GPAs than those of the control group.  Given that pre-injury 

performance was not examined, it is possible that the differences observed were not due 
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to concussion, but rather student-athletes with lower GPAs may be more vulnerable to 

concussions (Moser et al., 2005).  Therefore, a methodological improvement would be to 

examine the extent of academic decline (i.e., change in GPA pre and post injury). 

Greiffenstein and Baker (2003) conducted one of the few studies that examined 

how pre-injury academic achievement as measured by cumulative GPA was significantly 

related to common neuropsychological measures following a concussion.  The 

relationship between pre-injury GPA and performance on the post-injury Halstead-Reitan 

Neuropsychological Battery was examined for 103 participants with lingering post-

concussion symptoms (Greiffenstein, & Baker, 2003).  Preinjury GPA showed a 

significant relationship with the post-injury Halstead Impairment Index and measures of 

episodic memory, suggesting that with the absence of baseline data, consideration of pre-

injury academic performance needs to occur in context of analysis of neuropsychological 

assessments.  Although this study provided insight into the relationship between 

neurocognitive measures and GPA, baseline neurocognitive functioning and post injury 

GPA were not investigated. 

Neuropsychological Assessment of Athletes 

In 2008, the Third International Conference on Concussion in Sport 

recommended the use of baseline neuropsychological assessment as part of a 

multifaceted approach to the management of concussion (McCrory et al., 2009).  The 

comparison of baseline and post-injury neuropsychological assessment data allow for the 

examination of neurocognitive differences, progress monitoring of symptom recovery, 

and aids in RTP determinations (Schatz & Zillmer, 2003).  Computerized 

neuropsychological assessments save time by allowing for multiple athletes to take the 
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test, are relatively inexpensive, and easy to incorporate into a multidisciplinary 

concussion management program (Schatz & Zillmer, 2003). 

The Immediate Post-Concussion Assessment and Cognitive Testing battery 

(ImPACT) is a well-known computerized neurocognitive assessment used as part of a 

multifaceted concussion management program.  ImPACT was specifically designed for 

the assessment of sport-related concussion and consists of the following 6 modules that 

yield 5 composite scores (Verbal Memory, Visual Memory, Reaction Time, Processing 

Speed and Impulse Control; Iverson, Lovell, & Collins, 2003).  The test battery includes 

a post-concussion symptom scale and concussion history form.  Additionally, the 

ImPACT test has a Validity Index which signals an invalid performance or poor effort 

(Iverson et al., 2003).   

Conflicting recommendations exist within the literature regarding how often 

baseline neurocognitive assessments should be administered (Elbin et al., 2011) and in 

what setting (Moser et al., 2011).  Recommendations range from assessment every 

academic year to every 2 to 3 years (Eblin et al., 2011).  Re-administration of baseline 

neurocognitive assessments especially in the high school student-athlete population helps 

to account for the continually developing adolescent brain (Eblin et al., 2011; McCrory et 

al., 2004).  Eblin et al. (2011) recommended that baseline assessments be re-administered 

every two years.  Group versus individual assessments must also be considered when 

administering ImPACT.  Typically, high school student-athletes are assessed in groups in 

a computer lab for ease of conducting multiple assessments; however research had shown 

that student-athletes who participate in group testing, scored lower on the ImPACT test 
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than high school student-athletes who took the test in a neuropsychology office (Moser et 

al., 2011).  

Relation of Neurocognitive Variables to Academic Achievement 

  In typically developing children, intelligence, executive functioning, working 

memory, and processing speed have all shown to be predictive of academic achievement.   

Executive function.  Tests of executive function (EF) have been shown to have a 

moderate correlation with intelligence tests (Sattler, 2014).  The EF subcomponents of 

working memory, shifting, updating and inhibition, attention control and behavior 

regulation have all been associated with academic achievement (Best et al., 2011; Clark 

et al., 2010; McClelland et al., 2007; Welsh et al., 2010).  EF plays a role in the everyday 

activities in a high school classroom.  High school students are required to integrate and 

coordinate multiple skills such as planning, organization, attention, and self-regulation to 

be successful (Sattler, 2014).  Students with deficits in EF may have more difficulty with 

more open ended assignments as opposed to demonstration of discrete skills (Sattler, 

2014). 

Working memory.  Working memory tasks require the student to temporarily 

retain information in his/her memory and to mentally manipulate that information to 

produce a result. Attention, concentration, mental control, and reasoning are also 

involved in working memory.  The relationship between working memory and reading 

(Mather & Wendling, 2012) and math achievement (Geary, 2011) is well established in 

the literature.  Spelling has also been associated with deficits in visual working memory 

(Ewing-Cobbs et al., 2004).  Verbal working memory has been associated with 

performance on school based standardized measures of English, whereas visuo-spatial 
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working memory has been associated with performance on standardized tests in English, 

mathematics and science (St. Clair-Thompson & Gathercole, 2006).     

In addition to their study investigating the individual growth curves of academic 

performance in a sample of children with TBI, Ewing-Cobbs and colleagues (2004) also 

investigated the concurrent cognitive variables that predicted academic performance.  

Results indicated that scores on measures of arithmetic were predicted by scores on 

measures of visual spatial skills and visual memory; whereas, reading was highly related 

to measures of phonological processing, rapid naming, and vocabulary knowledge.   

In consideration of the data that are currently being collected for student-athletes 

participating in contact sports (baseline and neurocognitive assessments), it is important 

to investigate the neurocognitive variables measured by these assessments that may 

predict academic performance for student-athletes who have sustained a concussion.   

These neurocognitive assessments may provide additional data to consider when 

utilizing a processing strengths and weaknesses eligibility paradigm for special education 

services, identifying reasons why students may not be making adequate academic 

progress or planning for instruction (Mather & Wendling, 2012). 

Summary of the Literature 

Concussions have been deemed a growing public health concern (Moser, 2007).  

It has been estimated that concussion represents approximately 15% of all high school 

sports-related injuries (Meehan et al., 2011), with 173,000 annual visits to the emergency 

room.  Incidence rates may represent an underestimate as this number does not include 

those student-athletes that sought care in other medical settings (CDC, 2011).  Immediate 

symptoms of concussion include the following:  disorientation, amnesia, nausea, 
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confusion, visual disturbance, blank stare, slurred speech, vertigo, headache, loss of 

consciousness, or any alteration in consciousness (Moser, 2007).  Within the first 24 

hours, neurocognitive deficits in the areas of delayed memory, memory acquisition, and 

global cognitive functioning may be evident with recovery within a period of 1 to 3 

weeks. 

Recovery from concussion is typically viewed from under the lens of the 

readiness to return to competition.  Baseline and post-injury neuropsychological 

assessments, as part of a multidisciplinary approach to RTP decisions, have become 

commonplace in high school athletics (Johnson et al., 2011).  The use of 

neuropsychological assessment in concussion management allows for the careful review 

of the neurocognitive deficits experienced by the student-athlete and the athlete’s 

progression to recovery (Schatz & Zillmer, 2003).  Computerized neurocognitive 

assessments affords for ease of evaluating teams of student-athletes, remains relatively 

inexpensive (Schatz & Zillmer, 2003) and have demonstrated adequate psychometric 

properties. 

Unlike the interest and research within the area of RTP decisions, research is 

limited in the area of returning to the school environment and the demands associated 

with using a concussed brain to learn.  Physical and cognitive rest is imperative for 

recovery (McCrory et al., 2009), and may initially include absence from school (Master 

et al., 2012).  Worsening of symptoms results from physical and cognitive over-exertion.  

Research has suggested that controlling levels of cognitive and physical exertion may 

prove to produce improved neurocognitive outcomes for student- athletes (Moser et al., 

2012).   
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Although the neurocognitive deficits associated with concussion and RTP 

decisions are well documented, little has been done to conceptualize the impact of 

concussion on academic performance outcomes.  Much of the research in this area is 

inconsistent and gleaned from studies examining TBI of varying severity levels and 

injury mechanisms, making generalization of the results to samples of student-athletes 

tenable.  Studies in this area have demonstrated that children who have suffered a mTBI 

have difficulty with attention/concentration and memory (Hawley et al., 2004).  

Additionally, reading levels have been rated to be at least one year below their 

chronological age (Hawley et al., 2004), with word and pseudo-word identification 

significantly lower than controls (Barnes et al., 1999).  Student-athletes with a history of 

multiple concussions have also demonstrated lower GPAs (Moser et al., 2005).  Other 

studies have focused on long term consequences of TBI, which neglected to pinpoint the 

immediate effects of the injury to academic performance.  Therefore, research is needed 

to evaluate the educational impact and recovery from the concussion within a shorter 

timeframe following concussion. 

Lastly, neurocognitive data are often universally collected for student-athletes 

participating in contact sports on a regular basis.  In typically developing children, 

intelligence, executive functioning, and working memory have all shown to be predictive 

of academic achievement in reading, math, spelling and science.  Additionally, in another 

study, preinjury GPA in the absence of baseline data was significantly related to poor 

performance on post-neurocognitive measures (Greiffenstein & Baker, 2003).  In 

consideration of these data that are collected for student-athletes, it is important to 
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investigate the neurocognitive variables measured by these assessments, to examine if 

they predict academic performance for student-athletes who have sustained a concussion.  
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CHAPTER 3: METHODOLOGY 

A detailed description of the methodology for this study is presented in this 

chapter.  Factors discussed include participant selection and inclusion criteria, 

experimental procedures and the manner in which the data was analyzed.   

Participant Selection and Inclusion Criteria 

This retrospective study included participants within three high schools in a 

southern Arizona school district, with an annual enrollment of approximately 14,270 

students.  The school district covers 112 square miles with an estimated population of 

137, 893.  The potential participant pool included 2685 student athletes during three years 

of athletic participation (2011-2012, 2012-2013, & 2013-2014).  The average ethnic 

breakdown of the sample population was as follows: White  52.7%, Hispanic 36.0%, 

Black  5.2%,  Asian 3.8%,  American Indian 2.0%, and Native Hawaiian/Pacific Islander 

<1%.  An analysis of the number of students who qualified for free and reduced lunch 

was examined as a measure of socioeconomic status (SES), along with an analysis of 

students requiring special education services, homeless students and students identified as 

English Language Learners.  This analysis indicated the following percentages for the 

sample population: free and reduced lunch status 22%, special education services 7%, 

homeless students  <1%, and English Language Learners <1%.   

The potential participant pool included those students participating in 

interscholastic athletics, with available educational records and documented ImPACT 

records maintained by the district athletic trainers.  Of the 2685 potential participants, 

sport participation included 23.6% football, 15.2% track and field/cross country, 12.3% 

soccer, 11.4% baseball/softball, 10.0% volleyball, 9.0% basketball, 7.0% swimming/dive, 
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3.9% tennis, 3.4% golf , 3.1% wrestling, and 1.1% cheerleading.  The student-athlete 

population included 62% males and 38% females.  Female and male participants from all 

ethnicities were eligible for inclusion.   

 An a priori analysis using G*Power, version 3.1.6 with a medium effect size of 

0.38, an α level of 0.05, and power set at 0.80 resulted in 39 participants per group.  

Given that an adequate sample size to address each research question was available, the 

study had adequate power to find significance if there indeed were differences between 

groups. 

Comparison groups.  Three comparison groups were included in this study 

(concussion group, other injury group, and control).   

Concussion group.  Inclusion criteria for the concussion group included a 

documented sport-related concussion as evidenced by post-injury ImPACT assessments, 

and available educational records.  Student-athletes who were not enrolled within the 

district prior to the month of an injury were not eligible to be included in this group as 

educational records including GPA and attendance, were not available.  Additionally, 

student-athletes with injuries prior to August 31
st
 and past May 1

st
 were also not eligible 

for inclusion.  These participants were included in subsequent analyses that did not 

consider prior academic outcome data (i.e., Research question 3).  For Research question 

2, the participants were further divided into two groups: short and long recovery.  Short 

recovery was defined as recovery from a concussion that is less than 14 days, while long 

recovery was defined as recovery from a concussion that exceeded 14 days (Lau et al., 

2011).  Operationally, dates between ImPACT post injury assessments were analyzed to 

determine short and long term time frames.   
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Other injury group.  The other injury group was included in this study as it 

controls for the general effects of injury (Light et al., 1998).  The other injury group 

consisted of student-athletes without a history of concussion in high school athletics, but 

were treated by a certified athletic trainer for any other sport-related injury (i.e., 

contusions, sprains, fractures, etc.), with available educational records and ImPACT data.  

Student-athletes who were not enrolled within the district prior to the month of an injury 

were not eligible to be included in this group as educational records including GPA and 

attendance, was not available.  Additionally, student-athletes with injuries prior to August 

31
st
 and past May 1

st
 were also not eligible for inclusion, as complete educational records 

including GPA and attendance, were not available for these students either pre or post 

injury.  These participants were included in subsequent analyses that did not consider 

prior academic outcome data (i.e., Research question 3). 

 Control.  Student-athletes without a history of concussion or other injury were 

included in the analysis as the control group.  Inclusion criteria for the control group 

included no documented history of concussion or other injury and available educational 

records and ImPACT data.  Student-athletes who were not enrolled within the district 

prior to the quarter used for data collection were not eligible to be included in this group 

as educational records including GPA and attendance, was not available.  These 

participants were included in subsequent analyses that did not consider prior academic 

outcome data (i.e., Research question 3).   

 Final selection of participants.  Identification of potential participants was 

completed using a filtering process of available records.  See Figure 1 for a flow chart of 

sample size, from initial filtering to the final sample per research question.  Initial 
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eligibility for the concussion group for Research question 1 was set by filtering the 

ImPACT database for student-athletes with post-injury assessments or concussions 

documented in the last concussion date field.  Participants with concussions prior to the 

years of the study were excluded (n  = 103).  In addition, student-athletes with a 

concussion during the dates of May 2
nd

 through August 31
st
 were excluded (n = 47).  

Participants for the control and other injury group were then matched to the concussion 

group using the following variables: gender and grade.  When available, the participants 

were also matched for sport and/or sport season, and school.  Student-athletes selected for 

the control group were then screened to insure they had not sustained a concussion or 

injury.  

Student-athletes with concussions were further subdivided based upon available 

data for analysis of question 2.  The database was then reviewed for available baseline 

ImPACT tests.  Student-athletes with available baseline scores were then divided into 

short and long term recovery groups (n = 78).  See Comparison groups: Concussion 

Group definition above for operational definition of group membership. 

Finally, the ImPACT database was screened for available baseline assessments.  

From this group, 1211 had academic data including cumulative GPA, 400 had Math 

AIMS, 367 had Reading AIMS, 381 had Writing AIMS and 243 had Science AIMS.    

The sample size for Research question 3 was unequal as AIMS and GPA data was not 

available for all student-athletes.  In addition, AIMS data was matched to the year of the 

baseline ImPACT assessment, which also accounted for the smaller sample size.  
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Figure 1. Flow chart of sample size, from initial filtering to the final sample per research question.  Study time frame includes the 

following years: 2011-2012, 2012-2013, and 2013-14.   
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Description of Sample Characteristics 

The participants in this study consisted of students who were enrolled in the ninth, 

tenth, eleventh and twelfth grades during the 2011-2012, 2012-2013 and 2013-2014 

school years.  Data regarding grade, gender, race, special/education status, free and 

reduced lunch status, English Language Learners and homeless status were collected and 

analyzed regarding their relation to the research questions.  See Table 1 for sample 

demographics.  

The reader is referred to Figure 1 for an explanation of original pool of 

participants and reasons for eventual inclusion for Research question 1.  Research 

question 1 consisted of a total sample of 361 student-athletes.  Research question 2 

consisted of total sample of 78 student-athletes.  The sample size for short and long term 

recovery groups did not match the concussion group analyzed in Research question 1, as 

baseline ImPACT data were not available for the entire concussion group.   Table 1 

displays demographic frequencies for the three comparison groups for Research question 

1 and the two comparison groups for Research question 2. 
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Table 1 

 Question 1 and Question 2 Demographic Characteristics 

 Question 1 Question 2 

 N % N % N % N N % % 

Group Concussion       
Control Other 

Injury 

Short Long Short Long 

Total 121 100 121 100 119 100 46 32 59.0 41.0 

Educational 

Level 
  

      

       Freshman 41 33.9 41 33.9 40 33.6 12 13 26.1 40.6 

       

Sophomore 
40 33.1 

40 33.1 40 33.6 17 6 37.0 18.8 

       Junior 22 18.2 22 18.2 22 18.5 12 7 26.1 21.9 

       Senior 18 14.9 18 14.9 17 14.3 5 6 10.9 18.8 

Gender         

      Male 74 61.2 74 61.2 73 61.3 33 20 71.7 62.5 

      Female 47 38.8 47 38.8 46 38.7 13 12 28.3 37.5 

Race         

White 63 52.1 61 50.4 74 62.2 21 19 45.7 59.4 

Hispanic 42 34.7 49 40.5 30 25.2 21 10 45.7 31.2 

Black/African          

American 
13 10.7 

7 5.8 8 6.7 3 2 6.5 6.3 

   Asian 3 2.5 1 0.8 2 1.7 1 1 2.2 3.1 

    American  

Indian 
0 0 

3 2.5 5 4.2 0 0  

Sped. Eligible         

      Yes 8 6.6 6 95.0 10 8.4 1 2 2.2 6.3 

      No 113 93.4 115 5.0 109 91.6 45 30 97.8 93.8 

FRL Eligible         

      Yes 29 24.0 23 19.0 25 21.0 12 5 26.1 15.6 

      No 92 76.0 98 81.0 94 79.0 34 27 73.9 84.4 

ELL Status         

      Yes 0  0  0  0 0  

      No 121 100 121 100 119 100 46 32 100 100 

Homeless           

      Yes 0  0  0  0 0   

      No 121 100 121 100 119 100 46 32 100 100 

Notes. Sample size for short and long term recovery groups did not match the concussion 

group analyzed in Research question 1, as baseline ImPACT data was not available for 

entire concussion group.  ELL = English Language Learner; FRL = Free and Reduced 

Lunch; Sped. = Special Education. 
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Table 2 provides a breakdown of the sample demographics for each dependent 

variable consisting of GPA and four standardized academic assessment scores involved 

in the analysis for Research question 3.  

Table 2 

Question 3 Demographic Characteristics 

  AIMS 

 GPA Math Reading Writing Science 

 N % N % N % N % N % 

Characteristic           

Total 1211  400  367  381  243  

Ed. Level           

       Freshman 702 58.0 15 3.8 15 4.1 15 3.9 233 95.9 

       Sophomore 152 12.5 335 83.8 336 91.6 335 87.9 10 4.1 

       Junior 245 20.2 39 9.8 16 4.4 30 7.9   

       Senior 112 9.2 11 2.8 0  1 0.3   

Gender           

      Male 821 67.8 254 63.5 225 61.3 237 62.2 168 69.1 

      Female 390 32.2 146 36.5 142 38.7 144 37.8 75 30.9 

Race           

White 663 54.7 216 54.0 215 58.6 219 57.5 140 57.6 

Minority 544 44.9 184 46.0 152 41.4 162 42.5 103 42.4 

Sped. Eligible           

      Yes 54 4.5 22 5.5 17 4.6 16 95.8 13 5.3 

      No 1157 95.5 378 94.5 350 65.4 365 4.2 230 94.7 

FRL Eligible           

      Yes 222 18.3 72 18.0 60 16.3 69 18.1 46 18.9 

      No 989 81.7 328 82.0 307 83.7 312 81.9 197 81.1 

ELL Status           

     Yes 8 0.7 1 0.3 1 0.3 1 0.3 1 0.4 

     No 1203 99.3 399 99.8 366 99.7 380 99.7 242 99.6 

Homeless           

      Yes 4 0.3 1 0.3 1 0.3 2 0.5 1 0.4 

      No 1207 99.7 399 99.8 366 99.7 379 99.5 242 99.6 

Notes. AIMS = Arizona Instrument to Measures Standards; Ed. level = Education level; 

ELL = English Language Learner; FRL = Free and Reduced Lunch; Sped. = Special 

Education. 
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Measures 

 Dependent Variables.  The dependent variables used in this study included 

academic performance as measured by monthly assignment GPA, cumulative GPA, and 

daily school attendance.  

Academic performance.  Academic performance was defined as GPA.  Monthly 

assignment GPA and cumulative unweighted GPA were used in this study.  Cumulative 

GPA was defined as the average of grade points earned with A = 4, B = 3, C = 2, and D = 

1.  GPA was calculated by dividing the total number of grade points a student earned by 

the total number of units a student attempted.  Beginning in 9
th

 grade, grade points begin 

to accumulate.  Monthly assignment GPA was defined as the sum of assignment grades 

where A = 4, B = 3, C = 2, D = 1 and F = 0 divided by the number of class assignments 

within each month. 

GPA for the month prior to the student-athlete’s injury and the month following 

the injury were considered in the analysis of Research questions 1 and 2.  This researcher 

attempted to access the exact date of injury for each concussed and injured athlete.  

Analysis of GPA was restricted to those student-athletes who had sustained a concussion 

from September 1
st
 to May 1

st
.  Special considerations were made for injuries occurring 

on either the first of the month or the 30
th

 or 31
st
 of the month.  When considering the 

date of concussion, the following guidelines were utilized.  If the injury occurred on the 

first of the month, the GPA for that month was considered the post-injury GPA, as the 

student-athlete would have an entire month’s worth of assignments for consideration in 

the monthly assignment GPA.  This criterion was determined because if the month 

following the injury was used in this analysis, it would essentially equate to two months 
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worth of recovery time as opposed to one month.  Similarly, if the injury occurred at the 

end of the month (30
th

 or 31
st
 of the month), the pre-injury date was identified as the 

injury month, as the student-athlete would have essentially had all assignments completed 

for consideration for the month by this time.  Cumulative GPA was utilized to investigate 

Research question three.   

Academic achievement was also measured via performance on the AIMS test.  

The AIMS test is a standardized assessment given to Arizona high school students to 

measure their performance on the Arizona content standards (AIMS Technical Report, 

2013).  The AIMS test includes measures of math, reading, writing and science.  Standard 

scores for reading ranged from 500 to 900, while math and writing standard scores 

utilized the same scale (300 to 700).  Science standard scores range from 200 to 800.   

The AIMS test also categorized student performance into the following performance 

ranges: Falls Far Below, Approaches the Standard, Meets the Standard and Exceeds the 

Standard (AIMS Technical Report, 2013).   

Attendance.  School attendance was defined as the number of days absent from 

school during the month prior to the injury and the month following the injury.  Each 

quarter had a set number of school days per the district calendar.  Each quarter was 

approximately the same number of days (range 41-47).  A percentage of attendance was 

calculated based upon the number of days in attendance divided by the number of days 

within the specified month.  

ImPACT.  Baseline ImPACT scores were included as one of the independent 

variables in this study for Research questions two and three.  The ImPACT test was 

administered to every participant prior to the beginning of their respective sports season 
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(fall, winter, spring).  The three athletic trainers in the district utilize the same protocol 

for concussion management.  Student-athletes who have sustained a concussion undergo 

follow-up ImPACT testing within 24-48 hours post-concussion or return to school.  

Following a graduated RTP protocol, the ImPACT test is administered again following 

24 hours of symptom free reporting and post exertion exercise.  RTP determinations are 

required from a Certified ImPACT Consultant before being cleared to return to 

competition. 

ImPACT scores include five broad measures of neurocognitive functioning, made 

up from 6 test modules: (1) Module 1: Word Memory measures verbal recognition 

memory via a word discrimination paradigm; (2) Module 2: Design Memory measures 

visual recognition memory through a series of abstract line drawing discriminations; (3) 

Module 3: X’s and O’s evaluates visual working memory and visual processing speed 

with an interference paradigm measuring response speed; (4)  Module 4: Symbol Match 

measures visual processing speed, learning and memory; (5)  Module 5: Color Match 

evaluates impulse control and response inhibition via a choice reaction time activity; (6) 

Module 6: Three Letters evaluates working memory and visual-motor response speed 

(ImPACT Technical Manual, 2011).  

 The scores from these modules are clustered together to contribute to the five 

composites: Verbal Memory, Visual Memory, Visual Motor, Reaction Time, Impulse 

Control and Total Symptom Composites.  Normative ranges from the ImPACT Technical 

Manual (2011) are provided by gender and age.  Average ranges based upon percentile 

for each composite score follow:  Males between the ages of 13 to 15 (Verbal Memory 

72-92, Visual Memory 61-87, Visual Motor Speed 29.67-42.19, and Reaction Time 0.69-
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0.53); Males between the ages of 16 to 18 (Verbal Memory 74-94, Visual Memory 64-87, 

Visual Motor Speed 32.40-47.34, and Reaction Time 0.67-0.51); Females between the 

ages of 13 to 15 (Verbal Memory 76-96, Visual Memory 59-88, Visual Motor Speed 

31.40-43.19, and Reaction Time 0.67-0.52); Females between the ages of 16 to 18 

(Verbal Memory 76-96, Visual Memory 58-84, Visual Motor Speed 32.80-47.59, and 

Reaction Time 0.63-0.50). 

Verbal Memory composite.  The Verbal Memory composite represents the total 

average percent correct for Symbol Match, Three Letters, and Word Memory tasks.   

Visual Memory composite.  The Visual Memory composite score represents the 

average percent correct for performance on Module 2 and 3.   

Visual Motor composite.  The Visual Motor composite is derived from the total 

correct on Module 3:  X's and O's, and Module 6: Three Letters.   

Reaction Time composite.  The Reaction Time composite score includes the 

average response time (in milliseconds) on Modules 3: X’s and O’s, Module 4: Symbol 

Match, and Module 5: Color Match.   

Impulse Control composite.  The Impulse Control composite score is composed of 

the total number of errors of omission or commission on Module 3: X’s and O’s and 

Module: 5 Color Match. (Iverson, et al., 2003).  The Impulse Control composite is used 

to identify student-athletes who may be having difficulty understanding the directions or 

those who are not putting forth effort (Iverson, et al., 2003).  Additionally, the ImPACT 

test has a Validity Index which signals an invalid performance or poor effort (Iverson, et 

al., 2003).   
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  ImPACT has demonstrated adequate psychometric properties.  High sensitivity 

and specificity (Schatz, Pardini, Lovell, Collins, & Podell, 2006), as well as construct, 

convergent and divergent validity have been reported (Maerlender et al., 2013).  Schatz et 

al. (2006) reported the sensitivity of ImPACT as 81.9% and specificity as 89.4%.  

Additionally, test-retest reliability coefficients have been reported to be adequate (Iverson 

et al., 2003; Nakayama, Covassin, Schatz, Nogle, & Kovan, 2014; Elbin et al., 2011).  

Eblin et al. (2011) investigated the test-rest reliability of the online version of ImPACT 

and found that this version maintains stability across a one year time frame.  Allen and 

Gfeller (2011) investigated the construct and concurrent validity of ImPACT.  In 

comparison to traditional paper-pencil neuropsychological assessments, the ImPACT test 

demonstrated concurrent validity with the National Football League concussion battery.  

Additionally, construct validity factor analysis indicated five factors including forced 

choice efficiency, verbal and visual memory, inhibitory cognitive ability, visual 

processing ability and one factor from Color Match commissions.  

Design 

The primary investigator sought and obtained approval from the Institutional 

Review Board (IRB) of the University of Arizona and the district research approval 

committee prior to the implementation of the research study.  Following IRB approval, 

the researcher met with the district’s Coordinator of Data Analysis to determine how best 

to extract the data that was used in this study.  A FERPA waiver was obtained in order to 

gain access to the student educational records and records were de-identified by the 

district Coordinator of Data Analysis.  The study required the district’s Coordinator of 

Data Analysis, and the athletic trainer at each of the three high schools to provide the 
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requested de-identified student-athlete data that met the study criteria.  Project 

identification (ID) codes were used during data collection in place of recording the 

participant’s identifying information in order to protect participants' personal data.  The 

district’s Coordinator of Data Analysis assigned each participant a project ID prior to 

providing the data to the researcher. 

As part of the district’s interscholastic participation policy, all student-athletes 

participating in contact sports are required to undergo baseline evaluations.  Baseline 

evaluations using ImPACT were conducted prior to the respective sports season.  The 

ImPACT assessment was completed under the supervision of the certified athletic trainer 

typically in a group setting.  The investigator made efforts to match the comparison 

groups in terms of gender, grade, sport and/or sport season, and school.  Matched control 

participants’ GPA and attendance data coincided with the matched concussed student-

athlete’s month of injury.  The matched other injury group’s GPA and attendance data 

were identified using the month prior to the sport related injury and the month following 

in which the other injury occurred.   

During the initial identification of study participants, the researcher solidified the 

concussion group first.  This was determined by reviewing the ImPACT data base for any 

student-athlete with post-injury assessments or concussions documented in the last 

concussion date field.  Participants with concussions prior to the years of the study and 

student-athletes with a concussion during the dates of May 2
nd

 through August 31
st
 were 

excluded.  Using the sport participant data base provided by the district’s Coordinator of 

Data Analysis, the researcher selected participants to be included within the control 

group, by matching gender, grade, sport and/or sport season and if possible school.  The 
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student-athletes selected for this group required verification of no other sport-related 

injuries to be included in this group.  In order for this to occur, the student-athletes 

initially chosen were re-identified by the district’s Coordinator of Data Analysis and 

names were sent to the three athletic trainers for verification.  The athletic trainers then 

verified that these students did not have a sport-related injury.  If the student-athlete 

chosen to be included in the control group had an injury, they were automatically 

included within the other injury group, as long as they met the criteria set for inclusion in 

that group.  The parameters of the other injury group were based upon the selected 

students in the concussion group.  Each athletic trainer was sent the demographic 

skeleton (grade, gender, and sport) from which to select the other injury group.  The 

athletic trainers then reviewed their files for cases that matched the concussion group in 

terms of gender, grade, sport and/or sport season.  Once verification and/or selection 

occurred, the student-athletes were then de-identified and provided to the researcher.   

Data Analyses 

The following provides a description of the data analyses used to address each 

research question.  All analyses used an alpha level (α) of 0.05 for statistical tests of 

significance.  An a priori power analysis was conducted utilizing G*Power version 3.1.6 

(Faul, Erdfelder, Buchner, & Lang, 2009) to determine the appropriate sample size.  The 

data were analyzed using the most recent version of the Statistical Packages for the Social 

Sciences (SPSS).  Basic sample characteristics (gender, race/ethnicity, grade level and 

sport) were examined in relation to each comparison group to determine if any variables 

needed to be controlled for in the models.  Matched control participant GPA and 

attendance data were identified by the matched concussed student-athlete’s month of 
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injury.  The matched other injury group’s GPA and attendance data was identified using 

the month prior to the sport related injury and the month following in which the other 

injury occurred.    

Research question 1.  How are measures of academic outcomes impacted by a 

sports-related concussion?   

  Hypothesis 1: Concussed student-athletes will demonstrate greater declines in 

academic achievement post-injury as compared to student-athletes without a history of 

concussion and student-athletes with other documented sport-related injuries.  

Hypothesis 2: Concussed student-athletes will demonstrate a greater percentage 

decrease in attendance post-injury in comparison to student-athletes without a history of 

concussion and student-athletes with other documented sport-related injuries. 

Data analysis 1: Data analysis for hypothesis 1 was conducted through the use of 

nonparametric statistics, as the data did not meet the assumptions of a 2x3 ANOVA. The 

difference between monthly assignment GPA for the month prior to the injury and the 

month post injury was investigated for all three groups.  A Kruskall-Wallace analysis was 

used to examine the change in pre-injury monthly assignment GPA with post-injury 

monthly assignment GPA for all three comparison groups as previously described.  

Data analysis was also conducted through the use of nonparametric statistics to 

address hypothesis 2.  Analysis of this hypothesis required the use of nonparametric 

statistics due to the fact that the distributions failed to meet the assumptions of parametric 

tests (i.e., normal distribution).  Attendance for the month prior to the injury and the 

month post injury was investigated for all three groups.  A Kruskall-Wallace analysis was 
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used to examine the difference between the pre-injury attendance with post-injury 

attendance for all three comparison groups as previously described. 

Research question 2.  Do baseline neurocognitive ImPACT scores moderate the 

degree of academic decline in concussed student-athletes with short versus long 

recovery? 

Hypothesis 1: Student-athletes in the long-recovery group will exhibit greater 

academic decline than those in the short recovery group. 

Hypothesis 2: Baseline ImPACT scores (specifically Verbal Memory, Visual 

Memory and Visual Motor) will moderate student-athlete’s post-injury academic 

outcomes, whereby higher baseline ImPACT scores will buffer against an academic 

decline (outcome) for student-athletes that have suffered a concussion (predictor) with 

longer recovery. 

Data analysis 2.  Moderated regression analysis was used to address Research 

question 2.  Hierarchical multiple regression analyses was performed to test the 

interaction effects of the concussion group (predictor) and baseline neurocognitive 

functioning (moderator) on academic changes to GPA (outcome variable).  See Figure 2.  

First, the moderator variables were centered, by subtracting the mean baseline ImPACT 

score from the individual’s baseline ImPACT score.  To estimate the effect of the 

moderator in explaining the variance in GPA change, an interaction between the centered 

moderator and predictor variable was calculated and added to the model.  
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Figure 2 Moderation Model 

 

To test interaction effects, the predictor variables were introduced into the 

equation in four successive steps.  In the first step (1) demographic variables were 

entered to control their possible influence.  Subsequent steps included: (2) Concussion 

group, followed by (3), baseline neurocognitive composite score, and (4), the two-way 

interaction (Concussion group x centered baseline neuropsychological composite score). 

In other words, analyses examined if baseline neuropsychological functioning (e.g., 

verbal memory, visual memory, etc.) interacted with concussion status to produce or 

buffer against decline in academic functioning. 

Research question 3.  What is the relationship between baseline ImPACT scores 

and school outcome measures (including state standardized assessments) for all student-

athletes? 

Hypothesis 1: ImPACT’s Verbal Memory Cluster score will be related to a 

student-athlete’s overall GPA. 

Baseline ImPACT 
cluster scores 

Academic Decline 
Concussion group 

status (short v. 
long recovery) 
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Data analysis 3. To examine the relationship between baseline ImPACT scores 

and school outcome measures, a series of multiple regression analyses was conducted 

using a backward elimination procedure.  All significant pre-tested variables at the 

bivariate level were entered into the model first.  The variables with p values greater than 

0.10 were removed from the model and then the model was re-run (Dallal, 2012).  

Additionally, standardized beta coefficients were calculated to provide the effect of the 

predictor variables on GPA/standardized assessment scores.  

Correlations between the independent variable (baseline ImPACT scores) with the 

dependent variable (GPA and AIMS standard scores) were explored at p < .05.  A 

Pearson analyses was used to examine the relationship between the independent variable, 

baseline ImPACT scores (i.e., Verbal Memory, Visual Memory, Visual Motor, Reaction 

Time and Impulse Control) on the dependent variables, the cumulative unweighted 

GPA/standardized assessment scores of all student-athletes, as previously described.  

Sample characteristics (i.e., grade, gender, race, special education status, etc.) that 

significantly related to the baseline ImPACT scores were added to the model.   
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CHAPTER 4: RESULTS 

This chapter presents the results of the statistical analysis of this research study.    

Hypothesis analyses are presented individually for each research question.  Tables 

present data that address all of the research questions, descriptive statistics, and 

hypotheses.  

Descriptive Statistics 

In this research investigation, the total number of participants varied depending on 

the research question.  Readers are referred to Tables 1 and 2 for descriptive statistics 

concerning sample size and demographics.  Table 11 provides the descriptive statistics 

for cumulative GPA, AIMS and ImPACT scores.  The normality of the dependent 

measures were analyzed graphically and statistically.  The skewness and kurtosis 

coefficients exceeded Cramer’s 2 rule (1997), therefore, GPA and attendance data were 

determined to be non-normally distributed.  

Hypotheses 1 for Research Question 1 

Main analysis.  A Kruskal Wallis test was conducted to evaluate the differences 

among the concussion groups (concussion, control, other injury) on the change in GPA 

pre and post injury.  The results of this analysis indicated no significant differences 

among the groups in GPA post injury, H (2, N = 361) = .95, p = .623.  Since the overall 

test was not significant, pair wise comparisons were not conducted.   

Supplementary analysis.  Given that the overall mean and median GPA appeared 

lower across groups, an exploratory Friedman Test was conducted with the entire sample 

as one group (all student-athletes) to determine if there was a systematic decline in 

academic achievement across all student-athletes.  Results indicated a significant 
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difference existed among student-athletes regarding their pre and post-concussion 

monthly assignment GPAs, χ
2
F (1, n = 361) = 25.00, p < .001.  Accordingly, the median 

monthly assignment GPA pre injury and post injury was 3.15 (range 0 to 4.0), and 3.00 

(range 0 to 4.0), respectively.  The mean GPA change for student-athletes within the 

concussion group was .22 (SD = .64; Mdn = .14), whereas the mean GPA change for 

student-athletes within the other injury group was .21 (SD = 0.60; Mdn =.19), and the 

mean GPA change for student-athletes within the control group was .13 (SD = 0.40; Mdn 

=.12).   

Further given the non-normal distribution, another way to examine whether 

student-athletes with concussions experienced the greatest academic decline was to 

categorize them according to the nature of their GPA change before and after the injury. 

In the first approach, classification was done using approximate quartiles to include the 

following categories:  extreme decline (0.5 through highest value), mild decline (0.14 

through 0.4999), no change (-0.1399 through .1399), and improvement (-0.14 through 

lowest value). Chi-square analysis was used to examine the differences between the 

independent variable, concussion group, on the dependent categorical variables, the 

change in academic performance, as previously described.  The results, χ
2
(6, N = 361) = 

19.20, p = .004, V
2
 = 0.03, indicated statistical differences in the academic change 

frequencies among the different groups.  Based upon the observed frequencies (see Table 

3), it appears that more student-athletes in the concussion group were in the extreme 

decline GPA group than would be expected by chance. This was supported by observing 

the number of students who were in the extreme decline group.  The small calculated 
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effect size (V
2
 = 0.03) indicates that 2.6% of the variability in the academic decline was 

accounted for by the concussion group. 

Table 3  

Frequencies of Academic Decline in Concussion Group 

 Concussion Group Other Injury Group Control 

 ED MD NC IM ED MD NC IM ED MD NC IM 

Observed 

Freq. 

35 26 22 38 30 35 21 33 15 44 35 27 

Expected 

Freq.  

26.8 35.2 26.1 32.8 26.4 34.6 25.7 32.3 26.8 35.2 26.1 32.8 

Note. χ
2
 = 19.20*, df  = 6.  Freq. = frequency, ED = extreme decline, MD = mild decline, 

NC = no change, IM = improved,*p < .05  

Additional categorization included considering what constituted a clinically meaningful 

change in GPA.  This researcher considered a 0.5 drop in a letter grade as clinically 

meaningful.  Therefore, the groups were subsequently divided by 0.5 increments to 

include decline (0.5 through highest value), no change (-0.499 through 0.499), and 

improved (-0.5 through lowest value) in academic performance.  The goodness-of-fit 

results, χ
2
(4, N = 361) = 13.64, p =  0.009, V

2
 = 0.02, indicated statistical differences in 

the academic decline frequencies among the different groups.  Based upon the observed 

frequencies (see Table 4), it appears that more members of the concussion group 

experienced a decline by a half of a letter grade than would be expected by chance, 

whereas the concussion group remained consistent when looking at the no change or 

improved GPA status.  The small calculated effect size (V
2
 = 0.02) indicates that 1.9% of 

the variability in the academic decline was accounted for by the concussion group.  
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Table 4  

Frequencies of Clinically Meaningful Academic Decline  

 Concussion Group Other Injury Group Control Group 

 DC NC IM DC NC IM DC NC IM 
Observed 

Freq. 
35 78 8 30 79 10 15 101 5 

Expected 

Freq.  
26.8 86.5 7.7 26.4 85.0 7.6 26.8 86.5 7.7 

Note. χ
2
 = 13.64*, df  = 4.  Freq. = frequency, DC = decline NC = no change, IM = 

improved,*p < .05  

Hypotheses 2 for Research Question 1 

A Kruskal Wallis test was also conducted to evaluate the differences among the 

concussion groups (concussion, control, other injury) on the change in attendance pre and 

post injury.  The mean attendance rate change for the concussion group was 0.05 (SD = 

0.14; Mdn = 0.02).  The mean attendance rate change for the other injury group was 0.03 

(SD = .08; Mdn = 0.02), and the mean attendance rate change for the control group was 

0.05 (SD = .10; Mdn = 0.04).  The results of this analysis indicated no significant 

differences among the groups in the change in attendance rates post injury, H (2, N = 

361) = .91, p = .633.  Again, no pair wise comparisons were conducted as the overall test 

was not significant. Results of this study do not support the hypothesis that concussed 

student-athletes would demonstrate a greater percentage decrease in attendance post-

injury in comparison to student-athletes without a history of concussion and student-

athletes with other documented sport-related injuries.   

Hypothesis 1 for Research Question 2 

 The researcher hypothesized that those student-athletes in the long-recovery 

group would exhibit greater academic decline than those in the short recovery group. 
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Results indicated no systematic differences within the short and long recovery groups in 

the change in academic achievement pre and post injury, t (76) = -.26, p = .797 (See 

Table 5). 

Table 5  

Mean Monthly GPA and GPA Change for Short and Long Recovery Groups 

Concussion Group Pre GPA Post GPA GPA change 

Short 3.17 (SD =.61, 

Mdn = 3.27)  

2.89 (SD = .68, 

Mdn = 3.05) 

.29 (SD = .59,  

Mdn = .32) 
Long 3.02 (SD = .56, 

Mdn = 3.10) 

2.77 (SD = .86, 

Mdn = 2.90) 

.25 (SD = .71,  

Mdn = .04) 

Notes.  GPA = Grade Point Average, SD = standard deviation, Mdn = median 

Hypothesis 2 for Research Question 2 

For the ImPACT Verbal Memory Composite, demographic variables were first 

(Step 1) entered followed by the concussion group variable (short v. long recovery; Step 

2) into the multiple regression model.  These variables did not account for the variance in 

academic decline, R² = .07, F (3, 74) = 1.83, p = .149, and R² = .07, F (4, 73) = 1.36, p = 

.258, respectively.  Next, the ImPACT Verbal Memory Composite (Step 3) and the 

interaction term between concussion group and the centered baseline ImPACT Verbal 

Memory score  (Step 4) were added to the regression model, which did not account for a 

significant proportion of the variance, R² = .08, F(5, 72) = 1.29, p = .276 and R² = .08, 

F(6, 71) = 1.14, p = .349, respectively.   
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Table 6 

Hierarchical Regression Analysis for Variables Predicting Academic Decline-ImPACT 

Verbal Memory 

 Model 1 Model 2 Model 3 Model 4 

Variable B Std. E β B Std. E Β B Std. E β B Std. E Β 

             

Gender -.34 .15 -.25 -.34 .16 -.25 -.34 .16 -.25 -.32 .16 -.24 

SPED -.12 .37 -.04 -.12 .38 -.04 -.03 .38 -.01 -.02 .39 -.01 

FR status .04 .18 .03 .04 .18 .03 .04 .17 .03 .05 .18 .03 

SR/LR    -.003 .15 -.002 -.01 .15 -.01 -.004 .15 -.003 

Verbal M       .01 .01 .12 -.01 .03 -.12 

SR/LR* 

Verbal M  

         .01 .02 .25 

R
2 

 .07   .07   .08   .09  

Notes.  SPED = special education status, FR = free and reduced lunch status, SR = short 

recovery, LR = Long Recovery, Verbal M = ImPACT Verbal Memory composite score, 

B = unstandardized coefficients; SE B = standard error of B; β = standardized 

coefficients.  
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Table 7 

Hierarchical Regression Analysis for Variables Predicting Academic Decline-ImPACT 

Visual Memory 

 Model 1 Model 2 Model 3 Model 4 

Variable B Std. E β B Std. E β B Std. E β B Std. E β 

             

Gender -.34 .15 -.25 -.34 .16 -.25 -.35 .16 -.26 -.36 .15 -.27 

SPED -.12 .37 -.04 -.12 .37 -.04 -.11 .38 -.03 -.07 .37 -.02 

FR status .04 .16 .03 .04 .18 .03 .06 .18 .04 .005 .18 .003 

SR/LR    -.003 .15 -.002 -.03 .15 -.02 -.01 .15 -.009 

Vis. Mem       .004 .006 .08 .04 .02 .64 

SR/LR* 

Vis. Mem  

         -02 .01 -.59 

R
2 

 .07   .07   .08   .11  

Notes.  SPED = special education status, FR = free and reduced lunch status, SR = short 

recovery, LR = Long Recovery, Vis. Mem = ImPACT Visual Memory composite score, 

B = unstandardized coefficients; SE B = standard error of B; β = standardized 

coefficients.  
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Table 8 

Hierarchical Regression Analysis for Variables Predicting Academic Decline-ImPACT 

Visual Motor 

 Model 1 Model 2 Model 3 Model 4 

Variable B Std. E β B Std. E β B Std. E β B Std. E β 

             

Gender -.34 .15 -.25 -.34 .16 -.25 -.35 .16 -.26 -.40 .16 -.29 

SPED -.12 .37 -.04 -.12 .37 -.04 -.12 .38 -.04 -26 .38 -.08 

FR status .04 .18 .03 .04 .18 .03 .05 .18 .03 .006 .18 .004 

SR/LR    -.003 .14 -.002 -.003 .15 -.002 -.001 .15 -.001 

Vis. Motor       .004 .01 .04 .08 .04 -.75 

SR/LR* 

Vis. Motor  

         -.05 .02 -.74 

R2  .07   .07   .07   .12  

Notes.  SPED = special education status, FR = free and reduced lunch status, SR = short 

recovery, LR = Long Recovery, Vis.Motor = ImPACT Visual Motor composite score,    

B = unstandardized coefficients; SE B = standard error of B; β = standardized 

coefficients. 
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Table 9 

Hierarchical Regression Analysis for Variables Predicting Academic Decline-ImPACT 

Reaction Time 

 Model 1 Model 2 Model 3 Model 4 

Variable B Std. E β B Std. E β B Std. E β B Std. E β 

            .09 

Gender -.34 .15 -.25 -.34 .16 -.25 -.34 .16 -.25 -.33 -.25 -.15 

SPED -.12 .37 -.04 -.12 .37 -.04 -.12 .38 -.07 -.24 -.07 .03 

FR status .04 .18 .03 .04 .18 .03 .04 .18 .03 .03 .02 .05 

SR/LR    -.003 .15 -.002 -.01 .15 -.01 -.01 -.008 .09 

RT       .27 .88 .04 -2.97 -.34 -.05 

SR/LR* 

RT  

         2.06 .45 .20 

R
2 

 .07   .07   .07   .09  

Notes.  SPED = special education status, FR = free and reduced lunch status, SR = short 

recovery, LR = Long Recovery, RT = ImPACT Reaction Time composite score, B = 

unstandardized coefficients; SE B = standard error of B; β = standardized coefficients. 
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Table 10 

Hierarchical Regression Analysis for Variables Predicting Academic Decline-ImPACT 

Impulse Control 

 Model 1 Model 2 Model 3 Model 4 

Variable B Std. E β B Std. E β B Std. E β B Std. E β 

             

Gender -.34 .15 -.25 -.34 .16 -.25 -.34 .16 -.25 -.34 .16 -.25 

SPED -.12 .37 -.04 -.12 .37 -.04 -.11 .38 -.03 -.11 .38 -.03 

FR status .04 .16 .03 .04 .18 .03 .03 .18 .19 .03 .18 .02 

SR/LR    -.003 .15 -.002 .005 .15 .004 .001 .15 .001 

IC       .005 .02 .04 .01 .05 .08 

SR/LR* 

IC  

         -.005 .04 -.05 

R2  .07   .07   .07   .07  

Notes.  SPED = special education status, FR = free and reduced lunch status, SR = short 

recovery, LR = Long Recovery, IC = ImPACT Impulse Control composite score, B = 

unstandardized coefficients; SE B = standard error of B; β = standardized coefficients. 
 

The same procedure was followed for the remaining baseline ImPACT scores. 

The interaction between group status and baseline ImPACT Visual Memory (R² = .11, 

F(6, 71) = 1.47, p = .200), Visual Motor (R² = .12, F(6, 71) = 1.59, p = .163), Reaction 

Time (R² = .08, F(6, 71) = 1.12, p = .359), and Impulse Control (R² = .07, F(6, 71) = .90, 

p = .501) scores did not moderate the amount of academic decline of student-athletes 

with short and long recovery (See Tables 6,7,8, 9, & 10).   

Hypothesis 1 for Research Question 3 

 Table 11 displays the mean GPA, AIMS, and ImPACT composite scores for 

student-athletes included in this analysis. 
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Table 11 

Mean ImPACT and Academic Outcome Variables  

Descriptive Statistics 

 Mean 

Std. 

Deviation 

Cumulative GPA 2.87 .73 

AIMS Math SS 520.18 49.43 

AIMS Reading SS 737.08 36.98 

AIMS Science SS 508.72 47.21 

AIMS Writing SS 530.81 44.47 

ImPACT Verbal Memory Composite  82.33 9.47 

ImPACT Visual Memory Composite  74.50 12.34 

ImPACT Visual Motor Composite  34.71 6.66 

ImPACT Reaction Time Composite  .61 .08 

ImPACT Impulse Control Composite  6.72 4.6 

ImPACT Total Symptom Score 4.27 8.58 

Notes. Std. Deviation = standard deviation, GPA = Grade Point Average;  

AIMS =Arizona Instrument to Measure Standards; SS = standard score, ImPACT = 

Immediate Post-Concussion Assessment and Cognitive Testing. 

 

The hypothesis that ImPACT’s Verbal Memory Cluster score would be related to a 

student-athlete’s overall GPA was not supported by the results of this analysis.  A 

multiple regression analysis was conducted to examine the relationship between 

GPA/standardized assessment scores and baseline ImPACT scores.  Initially, 

demographic, and neurocognitive variables were pretested to assess bivariate relations 

with the academic outcomes of interest to this study.   See Table 12. 
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Table 12 

Correlations Between Potential Predictors to GPA and AIMS Scores 

Notes. GPA = Grade Point Average; AIMS =Arizona Instrument to Measure Standards; 

ImPACT = Immediate Post-Concussion Assessment and Cognitive Testing; *p < .05;   

**p <.01. 

Unweighted GPA was available for 1211 student-athletes, with values ranging 

from 0.15 to 4.40.  The mean unweighted GPA was 2.87, with a standard deviation of 

0.74, and a median score of 2.93.  A total of 11 variables significantly related to 

unweighted GPA (see Table 12): gender (+), special education status (-), homeless  

status (-), free and reduced lunch status (-), race (-), Verbal Memory (+), Visual Memory 

(+), Visual Motor (+), Reaction Time (-), Impulse Control (-), and Total Symptoms (-).   

Demographic variables that were initially significant were entered into the model 

first (Step 1), and included gender, special education status, homeless status, free and 

reduced lunch status, and race.  The multiple regression model with all pre-tested 

significant demographic and ImPACT variables significantly predicted GPA, R² = .28, 

F(11,1195) = 41.15, p < .001.  Homeless status was manually removed in a stepwise 

Variables 

Pearson Correlations 

GPA 
AIMS 

Reading 

AIMS 

Math 

AIMS 

Writing 

AIMS 

Science 
Grade   .02       .02 -.16**   .12*   .01 

Gender   .27**   .07   .04   .21** -.02 

Race (Hispanic, Non-Hispanic)  -.32** -.33** -.39** -.37** -.23** 

Special Education Status -.13** -.26** -.24** -.27** -.26** 

Homeless Status   .08** -.01 -.03 -.02 -.07 

English Language Learner Status  -.05*      -.11* -.08 -.13* -.16* 

Free and Reduced Lunch Status -.27** -.23** -.27** -.29** -.21** 

ImPACT Composite Scores      

     Verbal Memory .22**  .18**   .22**  .17**  .22** 

Visual Memory .17**  .04   .13*  .06  .32** 

Visual Motor .33**  .38**   .35**  .40**  .43** 

Reaction Time -.23** -.29** -.27** -.30** -.31** 

Impulse Control -.11**  .03 -.06 -.01 -.07 

Total Symptoms -.09** -.15** -.10 -.13* -.14* 
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fashion, as it did not predict the criterion at p < .10.  Ten predictor variables remained 

with the following adding their own unique contribution (see Table 13): gender (β = .22, 

p < .001), special education status (β = -.10, p < .001), free and reduced lunch status (β = 

-.14, p < .001), race (β = -.22, p < .001),  Visual Memory Composite (β = .08, p = .007), 

Visual Motor Composite (β = .16, p < .001), Reaction Time (β = -.10, p = .001), and 

Total Symptoms (β = -.07, p = .011).  Together, these variables significantly predicted 

GPA, R
2 
= .28, F(9,1107) = 47.91, p < .001. Multicollinearity is unlikely to be a problem 

as tolerance and variance inflation factor were within acceptable ranges.  
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Table 13 

Regression Results Predicting GPA 

Model B SE B Β 

  Initial regression model    

  Gender .32 .04 .21** 

  Race -.32 .04 -.21** 

  Special Education status 

  Homeless status 

  Free and Reduced status 

-.31 

-.41 

-.26 

.09 

.32 

.05 

-.09** 

-.03 

-.14** 

  Verbal Memory Composite .004 .002 .05 

  Visual Memory Composite 

  Visual Motor Composite 

  Reaction Time Composite 

  Impulse Control 

  Total Symptoms 

.003 

.02 

-.70 

-.01 

-.01 

.002 

.003 

.25 

.004 

.002 

.06* 

.15** 

-.08* 

-.05* 

-.07* 

Final backward elimination 

regression results 

   

  Gender .34 .04 .22** 

  Special Education status -.34 .09 -.10** 

  Free and Reduced Lunch -.26 .05 -.14** 

  Race -.33 .04 -.22** 

  Verbal Memory Composite .003 .002 .05 

  Visual Memory Composite .004 .002 .07* 

  Visual Motor Composite .02 .003 .16** 

  Reaction Time -.83 .26 -.10** 

  Impulse Control -.01 .004 -.05 

  Total Symptoms -.01 .002 -.07* 

Notes.  B = unstandardized coefficients; SE B = standard error of B; β = standardized 

coefficients; *p < .05; **p < .01. 

 

Math AIMS scores were available for 400 student-athletes.  The mean Math 

AIMS standard score was 521.48, with a standard deviation of 42.07, and a median score 

of 517.70.  This is equivalent to a performance level of Meets the Standards.  A total of 

eight variables significantly related to math AIMS (see Table 12): grade (-), special 

education status (-) free and reduced lunch status (-), race (-), Verbal Memory (+), Visual 

Memory (+), Visual Motor (+), and Reaction Time (-).   
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Demographic variables that were initially significantly related to Math AIMS 

were entered into the model as the first step 1, which included grade, special education 

status, free and reduced lunch status, and race.  The multiple regression model with the 

demographic variables, four ImPACT predictors and Math AIMS produced R² = .29, F 

(8,383) = 19.96, p < .001.  After manually removing the predictors with non-significant 

regression coefficients (grade, Visual Memory Composite, and Reaction Time) using a 

backwards stepwise regression procedure, five predictors remained including:  special 

education status (β = -.18, p < .001), free and reduced lunch status (β = -.15, p = .001), 

race (β = -.28, p < .001), Verbal Memory Composite (β = .10, p = .033), and Visual 

Motor Composite (β = .21, p < .001).  Together, these variables predicted Math AIMS, R
2 

= .29, F (5,395) = 31.42, p < .001. 

Table 14 

Regression Results Predicting Math AIMS 

Model B SE B Β 

Initial regression model    

  Grade -7.31 4.44 -.07 

  SPED  -33.34 9.74 -.16** 

  FR -17.28 6.00 -.14* 

  Race -26.17 4.74 -.27** 

  ImPACT Verbal Memory .40 .25 .08 

  ImPACT Visual Memory .002 .19 .000 

  ImPACT Visual Motor 1.40 .38 .19** 

  Reaction Time -48.28 34.02 -.07 

Final backward elimination 

regression results 

   

  SPED  -38.54 9.54 -.18** 

  FR -19.41 5.93 -.15** 

  Race -27.29 4.60 -.28** 

  ImPACT Verbal Memory .50 .23 .10* 

  ImPACT Visual Motor 1.52 .34 .21** 

Notes. SPED = special education status, FR = free and reduced lunch status, ImPACT = 

Immediate Post-Concussion Assessment and Cognitive Testing, B = unstandardized 

coefficients; SE B = standard error of B; β = standardized coefficients; *p < .05;           

**p < .01. 
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Reading AIMS was available for 367 student-athletes.  The mean Reading AIMS 

standard score was 737.08, with a standard deviation of 36.98, and a median score of 

738.00.  This is equivalent to a performance level of Meets the Standards.  A total of six 

variables significantly related to reading AIMS (see Table 12): special education      

status (-), free and reduced lunch status (-), English Language Learner status (-), race (-), 

Verbal Memory (+), Visual Motor (+), Reaction Time (-), and Total Symptoms (-).   

Demographic variables that were initially significantly related to Reading AIMS 

were entered into the model as Step 1, and included special education status, free and 

reduced lunch status, English Language Learner status, and race.  The multiple regression 

model with four ImPACT predictors and Reading AIMS produced R² = .27, F(8,358) = 

16.33, p < .001.  The predictors with non-significant regression coefficients were 

removed from the model using a backwards stepwise procedure including Verbal 

Memory Composite, Total Symptoms and Reaction Time Composite, resulting in a final 

regression model of R
2  

= .26, F(5,361) = 25.25, p < .001.  Five predictor variables 

remained (see Table 15): special education status (β = -.19, p < .001), free and reduced 

lunch status (β = -.12, p = .014), race (β = -.22, p < .001), and Visual Motor Composite (β 

= .27, p < .001).   
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Table 15 

Regression Results Predicting Reading AIMS 

Model B SE B β 

Initial regression  model    

  SPED  -29.56 8.44 -.17** 

  FR -11.48 5.06 -.16* 

  Race -15.02 3.76 -.08** 

  ELL -54.30 32.52 -.08 

  ImPACT Verbal Memory .19 .19 .05 

  ImPACT Visual Motor 1.20 .29 .23** 

  Reaction Time -32.97 26.94 -.07 

  Total Symptoms -.22 .19 -.05 

Final backward elimination 

regression results 

   

  SPED  -32.36 8.28 -.19** 

  FR -12.25 4.95 -.12* 

  Race -16.09 3.72 -.22** 

  ELL -53.65 32.41 -.08 

  ImPACT Visual Motor 1.43 .25 .27* 

Notes.  SPED = special education status, FR = free and reduced lunch status, ImPACT = 

Immediate Post-Concussion Assessment and Cognitive Testing, B = unstandardized 

coefficients; SE B = standard error of B; β = standardized coefficients; *p < .05;  

**p < .01. 

 

Writing AIMS was available for 381 student-athletes.  The mean Writing AIMS 

standard score was 530.81, with a standard deviation of 44.47, and a median score of 

526.00.  This is equivalent to a performance level of Meets the Standards.  A total of 10 

variables significantly related to writing AIMS (see Table 12): grade (+), gender (+), 

special education status (-) free and reduced lunch status (-), English Language Learner 

status (-), race (-), Verbal Memory (+), Visual Motor (+), Reaction Time (-), and Total  

Symptoms (-).   

Demographic variables that were initially significantly related to Writing AIMS 

were entered into the model as Step 1, and included grade, gender, special education 

status, free and reduced lunch status, English Language Learner status, and race.  The 
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multiple regression model with four ImPACT predictors and Writing AIMS produced R² 

= .35, F(10,362) = 19.431, p < .001.  The predictors that did not contribute to the model 

with p < .10 were removed from the model using a backwards stepwise regression 

procedure including the Verbal Memory and Reaction Time Composites.  Seven 

predictor variables remained (see Table 16): grade (β = .14, p = .002), gender (β = .11, p 

= .011), special education status (β = -.20, p < .001), free and reduced lunch status (β = -

.18, p < .001), race (β = -.24, p < .001), English Language Learner status (β =  -.12, p = 

.007), and Visual Motor Composite (β = .24, p < .001).  The final model was significant,  

R
2 

= .35, F(7,365) = 27.46, p < .001. 
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Table 16 

Regression Results Predicting Writing AIMS 

Model B SE B Β 

Initial  regression model    

  Grade 16.08 5.35 .13* 

  Gender 10.92 4.107 .12* 

  SPED  -39.95 9.91 -.18** 

  FR -19.97 5.54 -.17** 

  Race -20.49 4.28 -.23** 

  ELL -97.99 37.68 -.11* 

  ImPACT Verbal Memory -.01 .22 -.003 

  ImPACT Visual Motor 1.37 .35 .21** 

  ImPACT Reaction Time -40.87 30.77 -.07 

  ImPACT Total Symptoms -.18 .22 -.04 

Final backward elimination 

regression results 

   

 

  Grade  16.68 5.33 .14* 

  Gender 10.41 4.06 .11* 

  SPED -43.32 9.65 -.20** 

  FR -20.85 5.44 -.18** 

  Race -21.24 4.23 -.24** 

  ELL -100.75 37.46 -.12* 

  ImPACT Visual Motor 1.56 .30 .24** 

Notes.  SPED = special education status, FR = free and reduced lunch status, ImPACT = 

Immediate Post-Concussion Assessment and Cognitive Testing, B = unstandardized 

coefficients; SE B = standard error of B; β = standardized coefficients; *p < .05; **p < 

.01. 

Science AIMS was available for 243 student-athletes.  The mean Science AIMS 

standard score was 508.72, with a standard deviation of 47.12, and a median score of 

510.00.  This is equivalent to a performance level of Meets the Standards.  A total of 10 

variables significantly related to science AIMS (see Table 12):  special education      

status (-) free and reduced lunch status (-), race (-), Verbal Memory (+), Visual    

Memory (+), Reaction Time (-), and Total Symptoms (-).   

Demographic variables that were initially significantly related to Science AIMS 

were entered into the model as Step 1, which included grade, special education status,  

free and reduced lunch status, and race.  The multiple regression model with five 
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ImPACT predictors and Science AIMS produced R²  = .34, F(8,233) = 14.98, p < .001. 

As can be seen in Table 17, the predictors with non-significant regression coefficients 

were removed from the model using a backwards stepwise regression procedure 

including Verbal Memory, Reaction Time and Total Symptoms Composites resulted in 

the R
2 
= .33, F(5,236) = 22.69, p < .001.  Five predictor variables remained including: 

special education status (β = -.17, p = .003), free and reduced lunch status (β = -.20, p = 

.001), race (β = -.17, p = .004), Visual Memory (β = .21, p < .001), and Visual Motor 

Composite (β = .31, p < .001).   

Table 17 

Regression Results Predicting Science AIMS 

Model B SE B Β 

Initial  regression model    

  SPED  -30.11 11.89 -.14* 

  FR -22.30 6.96 -.19* 

  Race -14.79 5.57 -.16* 

  ImPACT Verbal Memory .05 .30 .01 

  ImPACT Visual Memory .68 .23 .18* 

  ImPACT Visual Motor 2.18 .50 .29** 

  ImPACT Reaction Time -49.79 31.28 -.10 

  ImPACT Total Symptoms -.51 .29 -.10 

Final elimination regression 

results 

   

  SPED  -34.95 11.73 -.17* 

  FR -23.48 6.90 -.20** 

  Race -16.06 5.51 -.17* 

  ImPACT Visual Memory .79 .22 .21** 

  ImPACT Visual Motor 2.39 .45 .31** 

Notes.  SPED = special education status, FR = free and reduced lunch status, ImPACT = 

Immediate Post-Concussion Assessment and Cognitive Testing, B = unstandardized 

coefficients; SE B = standard error of B; β = standardized coefficients; *p < .05; **p < 

.01. 
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CHAPTER 5: DISCUSSION 

 This chapter summarizes the results obtained from this study, and discusses how 

the results are related to previous research findings.  This chapter also discusses the 

limitations of this study, recommendations for future research, and practical implications 

of the findings.  

Purpose of the Study 

A large body of research exists examining the neurocognitive sequelae of 

concussion and RTP decisions; however, there is a paucity of literature that has 

conceptualized the impact of concussion on academic outcomes, how baseline 

neurocognitive performance predicts academic decline, and how baseline neurocognitive 

measures relate to academic performance among student-athletes.  This study explored 

these topics in an attempt to evaluate the impact of concussion on common academic 

outcome measures (GPA and school attendance), the association of preinjury 

neurocognitive performance to changes in academic performance, as well as the 

relationship between ImPACT cluster scores and academic outcomes.   

Academic Outcomes Following Concussion 

The academic impact of a sport-related concussion was analyzed via the change in 

monthly assignment GPA for three groups of student-athletes (concussion, other injury 

and control) pre and post injury.   Using GPA as a continuous variable, results of this 

study did not support the hypothesis that the concussed student-athletes would 

demonstrate greater declines in academic achievement and attendance post-injury as 

compared to student-athletes without a history of concussion and student-athletes with 

other documented sport-related injuries. However, exploratory analyses indicated that all 
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three groups declined in monthly assignment GPA pre and post injury and more of the 

concussion group dropped by a half of a letter grade than would be expected by chance, 

whereas the concussion group remained consistent when looking at the no change or 

improved GPA status.   

Given the non-normal distribution, the data were examined categorically 

according to the nature of the GPA change before and after the injury. Two approaches 

were included in this analysis.  In the first approach, classification was done using 

approximate quartiles to include the following categories: extreme decline, mild decline, 

no change, and improvement.  The second approach considered a clinically meaningful 

change in GPA (half of a letter grade).  Increments included decline, no change, and 

improvement in academic performance.   In reviewing the observed frequencies, it 

appeared that more members of the concussion group fell within the extreme decline 

GPA category and that more members of the concussion group experienced a decline by 

a half of a letter grade.  These results extend the findings of Moser et al. (2005) which 

found lower GPAs for student-athletes who had recently experienced a concussion.  It is 

important to consider that looking at GPA as a continuous variable did not show 

differences within groups; however by using the categorical approach, the data was more 

informative regarding the impacts of concussion on school performance.  A categorical 

approach may be more meaningful to school personnel in that school personnel may be 

more inclined to utilize and understand these categories.  School personnel may look at 

specific cutoffs whereby certain scores would be considered at risk for academic 

declines.  

The results of the main analysis were in line with studies by Asarnow et al. (1995) 
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and Light et al. (1998), which found no differences between a head injury and the other 

injury group using GPA and standardized tests pre and post injury at one year follow up.  

Although the researcher’s hypotheses were not confirmed, these data add to the existing 

literature base regarding the balancing of academic performance with high school sport 

participation.  The universal academic decline suggests that the demands of 

interscholastic participation (i.e., daily practice, traveling, missed classes due to 

competition, limited time for homework completion, etc.) constitute a risk to student-

athlete’s academic performance.  These findings are consistent with Scott, Paskus, 

Miranda, Petr, and McArdle (2008) who suggested that college student-athletes perform 

poorer during their respective sports season than at other times of the year.  Future studies 

could address this universal decline by utilizing a time series approach, whereby 

individuals are tracked across time to see when a student-athletes’ academic performance 

returns to pre-injury or preseason levels. 

A strength of this study was the use of a more finite unit of GPA in close 

proximity to the date of injury.  The use of the monthly assignment GPA is a reflection of 

a student-athlete’s everyday performance on class assignments.  This measurement unit 

was a segment of a student’s overall GPA and included their class grades on assignments 

in close proximity to the injury date, whereas other studies (Asarnow et al., 1995; Light et 

al.,1998) have utilized cumulative GPA one year post injury.  However, these results 

suggest that relying on a global measure of academic achievement such as GPA, even 

monthly assignment GPA, may not be sensitive to the effects of concussion.  GPA is 

subjective and may not capture the difficulties the student-athlete experienced such as 

inattention or difficulties with memory and processing.  Lewandowski and Rieger (2009) 
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argued that the use of curriculum based assessment (CBA) may be more sensitive to 

concussion symptoms; however to date, no studies have been conducted utilizing CBA 

and continuous performance testing.  A prospective, longitudinal design could be 

implemented to evaluate the impact of concussion on academic achievement, using 

similar procedures as were used in Ewing-Cobb’s et al. (2004) study of academic 

achievement in children with TBI.  Upon returning to school following a concussion, 

curriculum based measures (CBM) could be administered at the following intervals: 

baseline (one week), nine weeks, and four months post injury to address the variability of 

recovery times in adolescents with concussions (Gioia et al., 2009).  Curriculum based 

measurement (CBM) provide a set of standardized, reliable and valid short-duration 

fluency measures of reading, writing and math. CBM are easily repeatable general 

outcome measures of student achievement in basic skills (Deno, 2003).  Reviewing the 

changes in academic achievement using CBM would allow for determining the impact of 

concussions on school performance over a period of time.   

Baseline Neurocognitive Functioning Effect on Academic Decline  

The buffering effect of preinjury neurocognitive functioning on post injury 

academic performance for concussed student-athletes based on their recovery time was 

also investigated.  The researcher hypothesized that the long recovery group would 

demonstrate a greater academic decline and that baseline ImPACT scores (specifically 

Verbal Memory, Visual Memory and Visual Motor) would moderate a student-athlete’s 

post-injury academic outcomes.  Results of this study did not support these hypotheses. 

Analysis of the data indicated that both concussion groups declined academically and that 

baseline ImPACT scores did not moderate the degree of decline in concussed student- 
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athletes in either group (short vs. long recovery).  Contrary to these hypotheses, previous 

findings had suggested a greater cognitive reserve for those individuals with higher levels 

of pre-injury intellectual and cognitive abilities enhancing recovery patterns and 

diminishing long term deficits (Holland & Schmidt, 2015).   

Although this question’s hypotheses were not supported, the results raise similar 

questions to those that were discussed as part of question 1. The measurement unit of 

monthly assignment GPA used in this study may not be sensitive enough to determine the 

potential buffering effects of a student-athlete’s baseline neurocognitive functioning. 

Other potential measures to be explored could also include classroom observations, time 

on task, academic engagement, discipline records, trips to the nurse, self-reports and 

teacher reports (Hawley et al., 2004) of classroom performance following a concussion.  

It is unknown whether the classroom teachers were aware of the injuries and provided 

accommodations to support the student-athletes in their time of recovery.  A student-

athlete may also be completing the assignments similarly to pre-injury levels, but may 

require a longer time frame to complete those assignments.  These accommodations may 

not have been reflected in a student-athlete’s overall grades.  Therefore, whether 

accommodations are being provided and whether academic impacts are evident in other 

areas related to classroom specific behavior, initiation and adequacy of task completion, 

dysregulation of attention and behavior and rate of new learning should also be addressed 

(Ewing-Cobbs et al., 2004).   

Another possible consideration may point to the administration effects on the 

baseline ImPACT score, as student-athletes who participate in group testing tend to score 

lower on the ImPACT test than high school student-athletes who took the test in a 
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neuropsychology office (Moser et al., 2011).  The student-athletes in this study 

performance on ImPACT may constitute an underestimate of their true neurocognitive 

abilities, as all baseline testing within this district was conducted in a group setting.  The 

validity of the baseline assessment is also unknown, as Covassin, Elbin, Stiller-

Ostrowski, and Kontos (2009) demonstrated that only 51.9% of athletic trainers who 

administer the ImPACT test examine the baseline scores for validity.  

Short and long term recovery was determined by examining the length of time 

between post-injury ImPACT assessment dates.  As this was a retrospective review, there 

was no way to verify the actual recovery time frames.  Just as neurocognitive assessments 

are used in the timing of RTP determinations (Meehan et al., 2012), protracted recovery 

and its effects on academic achievement may best be examined using post-injury 

neurocognitive assessments, as opposed to baseline assessments, whereby post-injury 

performance would moderate the impact on academic achievement.  Iverson (2007) was 

able to demonstrate that student-athletes who reported higher levels of symptoms and 

performed poorly on measures of visual memory, processing speed, and reaction time 

within 72 hours of concussion would be more likely to be classified as having complex 

recovery (requiring more than 14 days to recover).  Research by Lau et al. (2011) 

provided a foundation for examining the symptom and neurocognitive testing profile of 

student-athletes. Using these findings, future studies could explore whether the post-

injury assessments and symptom reporting, rather than baseline assessments, completed 

within the first few days after injury predicted which student-athletes would be more at 

risk for long term academic impacts and the possible need for academic adjustments due 

to this protracted recovery.   
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Building off of the testing profile demonstrated by Lau et al. (2011), Lau and 

colleagues (2012) examined the ability of post-injury neurocognitive assessments and 

symptom presentation to predict prognosis.  Cut-off scores for symptom presentation and 

ImPACT Visual Memory, and ImPACT Visual Motor composites for predicting 

protracted recovery were derived within a group of 108 male high school football players.  

Since an individual approach to addressing the return to learning is recommended due to 

individual variations in symptom expression and recovery (Halstead et al., 2013),   the 

findings from Lau et al. (2012) suggests that the use of post-injury neurocognitive 

assessment data may be useful in monitoring the educational impact of a concussion.  

This could be explored by investigating the different performance levels of ImPACT 

based upon these cut scores in relation to a student-athlete’s academic performance. 

Relations Between ImPACT and Academic Achievement Measures 

The student-athlete’s mean performance levels on the baseline ImPACT Verbal 

Memory Composite, Visual Memory Composite, Visual Motor Composite and Reaction 

Time Composites were all within the average range in comparison to the normative 

ranges for the baseline ImPACT test (ImPACT Technical Manual, 2011).   The relations 

between baseline neurocognitive functioning with general measures of academic 

achievement widely used in school settings suggested baseline ImPACT composite 

scores were significantly related to general academic achievement outcomes.  Of 

significance was that the ImPACT Visual Motor Composite was related to all academic 

outcome measures (GPA and all sections of AIMS).  Results of this study extends 

findings from non-athletes with that of Ewing-Cobbs et al. (2004), Geary (2011) and St. 

Clair-Thompson and Gathercole (2006), which indicated that scores on measures of 
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English, arithmetic and science were predicted by scores on measures of working 

memory, visual spatial skills, and visual memory. 

These particular subscales of ImPACT (Visual Memory and Visual Motor) may 

be important indicators of academic functioning in athletes.  Given the findings of Voss, 

Kramer, Basak, Prakash and Roberts (2010), whereby athletes performed better on 

measures of processing speed and attentional cueing than non-athletes, it is interesting 

that this study found similar results in that student-athlete’s performance on the baseline 

ImPACT Visual Motor composite, a measure of visual motor response speed, predicted 

GPA and AIMS.  To succeed in athletics, one must be able to respond quickly to stimuli.  

Athletes must take in this visual information and quickly make a decision regarding how 

to respond motorically.  To this end, it is not surprising that measures of processing speed 

and visual motor skills translate to academic performance for student-athletes. 

Baseline ImPACT cluster scores, with the exception of Verbal Memory and 

Impulse Control, all related to GPA.  Although these composite scores (Verbal Memory 

and Impulse Control) were maintained in the model because they met the criterion for 

inclusion (p <. 10), they did not add significantly to the model.  These specific results of 

this study are contrary to the expectations of this study, as findings from St. Clair-

Thompson and Gathercole (2006) had supported the relationship between verbal memory 

with language arts assessments.  Implications for these findings suggest that the ImPACT 

assessment results may provide additional data points to consider when looking for 

convergence or divergence of data to make informed decisions regarding instruction, 

eligibility, and intervention needs for student-athletes. 
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Along with baseline ImPACT scores being related to the various academic 

variables, several key demographic variables also demonstrated significance to the 

academic achievement measures utilized in this study.  Special education status, race, and 

free and reduced lunch status were significantly related to all academic outcome 

variables.  Special education by definition requires that a disability adversely impact 

academic performance (IDEA, 2014).  IDEA (2004) requires for students to be identified 

as eligible for special education that the student must have a disability that adversely 

impacts academic performance and require specialized instruction to benefit from the 

general curriculum.   

Free and reduced lunch status, which was used as a measure of socio-economic 

status (SES), and minority status also demonstrated a significant relationship to academic 

achievement for student-athletes.  These findings are not surprising as previous research 

has also demonstrated this relationship (Sirin, 2005).  Single parent house-holds, poor 

neighborhoods, limited parental education and low performing schools are other factors 

that go into SES and are linked with academic achievement (Sirin, 2005).  Findings from 

this study suggest that these demographic factors influence the academic performance of 

student- athletes despite having opportunities to participate in after school youth 

development activities such as athletics.  These results suggest that schools should be 

aware of these additional risk factors that may lead to diminished academic achievement 

for student-athletes. 

Limitations of the Study  

Several limitations were evident in this current study.  First, this study utilized a 

retrospective design.  A retrospective review of a data set lends itself to limited 
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experimental control over the initial data collection procedures.  An example of such an 

issue arose when looking at the ImPACT database.  The district has clear RTP procedures 

(i.e., baseline assessments for all student-athletes participating in contact sports); 

however the data received did not necessary match that guideline (i.e., missing baseline 

assessments).  Additionally, academic data were not available for all student-athletes (i.e., 

GPA/AIMS scores).  Due to the missing data, the sample may not have been truly 

representative.  To correct for this missing data, data were excluded pair-wise rather than 

using imputations.    All possible complete cases were retained when possible rather than 

being deleted when any piece of data was missing (Bhaskaran, & Smeeth, 2014).  Along 

the same lines of concerns related to data collection, the de-identification process 

potentially added to the possibility of errors in the data analysis.  Data were de-identified, 

then re-identified to allow for verification of the control group. 

Second, the dependent measures chosen for this study may not have truly 

captured the impact of concussion on school performance.  As discussed in relation to the 

results of Research Question 1 and 2, there may be other potential measures to be 

explored.  Other factors that were not addressed in this study included concussion history, 

injury location, symptom expression and concussion severity.  Previous research had 

shown that student-athletes with a history of two or more concussions demonstrated 

lower GPAs from student-athletes without such history (Moser, et al., 2005).  The nature 

of the concussion (i.e., location and severity), may also help school personnel understand 

the risk of academic declines. 

A stronger design could have included a secondary control group of students who 

did not participate in interscholastic activities.  This would help to account for the decline 
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that was evident among all student-athletes during their respective sport’s season.  

Additionally, age level differences were not investigated, as a meta-analysis showed that 

younger student-athletes, ages 12-15, demonstrated the greatest decline in neurocognitive 

function following a concussion on computerized neurocognitive measures in comparison 

to older student-athletes, ages 16-18  (Kontos, et al., 2014).   

This study focused on student- athletes within a small urban school district within 

southern Arizona.  The results may not accurately reflect the overall population of high 

school student-athletes.  Future studies aiming at investigating the academic impact of 

concussions may want to consider conducting research across multiple regions.  This 

would also allow for greater generalizability of results.   

Lastly, there may be more current sophisticated statistical analyses that may have 

identified differences among groups.  For example, the three schools in this district had 

varying levels of free and reduced lunch percentages.  More sophisticated statistical 

analyses that would take into consideration this school level factor may indeed show 

differences, as all of the schools were combined in this study.  Additionally, the statistical 

analysis utilized for Research Question 2 (moderated, hierarchical multiple regression), 

may not have had enough power to detect an effect (Fraizer, Tix, & Barron, 2004). 

Future Directions 

The results of this study may help to direct future investigations regarding the 

academic impact of concussions.  Specific sport affiliation was not explored in this study.  

As studies have indicated the greatest incidence in concussion in football and soccer for 

males and females (CDC, 2011; Meehan et al., 2011), respectively, future studies should 

address whether differences exist among the various sports.  Careful consideration should 
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be given to sports where there is a potential for overusing ones’ head (i.e., heading a 

soccer ball).  This could be addressed by aggregating the degree of academic decline 

among the different sports (i.e., contact sports vs. noncontact sports) to determine if 

specific sports are more at risk for academic decline. 

Future studies could utilize the ImPACT cut scores and symptom expression 

profiles derived from Lau et al. (2012) to investigate academic outcomes for concussed 

student-athletes.  Symptom reporting within the migraine cluster (headaches, vision 

problems, noise and light sensitivity, nausea and dizziness) along with post injury 

ImPACT scores on Visual Memory, Verbal Memory and Reaction Time all added to the 

prediction of recovery risk.  It would be interesting to investigate all of the symptom 

clusters (migraine, cognitive, sleep, and neuropsychiatric; Lau et al., 2011) to better 

understand if different symptom profiles contribute any additional information as to who 

is at risk for academic declines.   

For example, Herring et al. (2006) reported the contribution of emotional 

reactions to injury recovery.  Loss of identity, fear and anxiety and loss of confidence 

were all indicators of potential poor emotional responses to an injury.  These emotional 

reactions may be compounded by our social support network not having an understanding 

of the concussive injury, as it is an injury that cannot be seen.  Covassin and colleagues 

(2014) demonstrated that a group of student-athletes with  orthopedic injuries 

experienced greater satisfaction with their social supports than student-athletes with 

concussions, as orthopedic injuries have physical manifestations (i.e., crutches, braces, 

etc.), which could inherently garner more attention (Covassin, et al., 2014).  Future 
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studies could address this psychosocial aspect of concussion with regards to how these 

factors interact with academic performance following a concussion. 

Educational Implications  

Despite these limitations, future studies may help to shed light on of the impact of 

concussions on academic achievement.  Understanding these academic impacts is 

necessary in order to provide appropriate interventions and planning for academic 

adjustments as students return to learn before returning to play (Ewing-Cobbs et al., 

2004).  Teachers and school psychologists should have a basic understanding of the 

constructs measured by ImPACT and how performance on these assessments may inform 

a student-athlete’s classroom performance.  Knowing what data, such as baseline and 

post injury neurocognitive assessments, that are regularly being administered to student- 

athletes and how this information can translate into instructional decisions for these 

students will help teachers and school psychologists to work closely with the athletic 

departments (i.e., athletic trainers) to support a student as they return to the classroom. 

Academic performance data are continually being collected for students.  High 

school student-athletes participating in contact sports undergo additional neurocognitive 

assessments.  This study highlights the neurocognitive variables measured by baseline 

ImPACT performance that predict academic performance for student-athletes.  

Understanding the relationship between these neurocognitive assessments and academic 

outcomes may help school personnel use this data in a meaningful way, such as planning 

academic adjustments for student-athletes, and/or considering this information when 

making data-based decisions regarding instruction.  To this researcher’s knowledge, this 
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is the first investigation of the relations between ImPACT and common academic 

achievement outcomes. 

  



  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            103 

 

REFERENCES 

Allen, B. F., & Gfeller, J. D. (2011).  The Immediate Post-Concussion Assessment and 

Cognitive Testing battery and traditional neuropsychological measures: A 

construct and concurrent validity study.  Brain Injury, 25, 179-191.  

doi:10.3109/02699052.2010.541897 

Arizona’s Instrument to Measure Standards 2013 Technical Report. Retrieved from: 

http://www.azed.gov/assessment/technical-legal-resources/ 

Asarnow, R. F., Satz, R., Light, R., Zaucha, K., Lewis, R., & McCleay, C. (1995).  The 

UCLA study of mild closed head injury in children and adolescents.  In M. E. 

Michael & S. Broman (Eds.), Traumatic brain injury in children (pp. 117-146).  

Retrieved from: www: http://books.google.com/books 

 Aubrey, M., Cantu, R., Dvorak, J., Graf-Baumann, T., Johnston, K. M., Kelly, J., & . . . 

Schamash, P. (2002).  Summary and agreement statement of the 1
st
 International 

Symposium on Concussion in Sport, Vienna 2001.  Clinical Journal of Sports 

Medicine, 12, 6-11.  Retrieved from: http://www.cjsportsmed.com 

Barnes, M. A., Dennis, M., & Wilkinson, M. (1999).  Reading after closed head injury in 

childhood: Effects on accuracy, fluency, and comprehension. Developmental 

Neuropsychology, 15, 1-24. Retrieved from: 

http://eds.b.ebscohost.com.ezproxy2.library.arizona.edu 

Barth, J. T., Alves, W. A., Ryan, R. V., Macciocchi, S. N., Rimel, R. W., Jane, J. A., & 

Nelson, W. E. (1989). Mild head injury in sports: Neuropsychological sequelae 

and recovery of function. In Levin, H. S., Eisenberg, H. M. & Benton, A. L. 

http://books.google.com/books


  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            104 

 

(Eds.), Mild head injury (pp. 257-275). Retrieved from: 

http://site.ebrary.com.ezproxy1.library.arizona.edu 

 Belanger, H. G., & Vanderploeg, R. D. (2005). The neuropsychological impact of sports-

related concussion: A meta-analysis.  Journal of the International 

Neuropsychological Society, 11, 345-357.  doi: 10.1017/D13556117705050411 

Best, J. R., Miller, P. H., & Naglieri, J. A. (2011). Relations between executive function 

and academic achievement from ages 5 to 17 in a large, representative national 

sample.  Learning and Individual Difference, 21, 327-336. doi: 

10.1016/j.lindif.2011.007 

Bhaskaran, K., & Smeeth, L. (2014). What is the difference between missing completely 

at random and missing at random? International Journal of Epidemiology, 43, 

1336–1339. doi:.10.1093/ije/dyu080 

Bijur, P. E., Haslum, M., & Golding, J. (1990).  Cognitive and behavioral sequelae of 

mild head injury in children.  Pediatrics, 86, 337-344.  Retrieved from:  

www.pediatrics.aappublications.org 

Broglio, S. P., & Guskiewicz, K. M. (2009).  Concussion in sports: The sideline 

assessment.  Sports Health, 1, 361-369. doi:10.1177/1941738109343158 

Broglio, S. P., & Puetz, T. M. (2008).  The effects of sport concussion on neurocognitive 

function, self-report symptoms and postural control: A meta-analysis. Sports 

Medicine, 38, 53-67. doi: 10.2165/00007256-200838010-00005 

Clark, C. A. C., Pritchard, V. E., & Woodward, L. J. (2010).  Preschool executive 

functioning abilities predict early mathematics achievement.  Developmental 

Psychology, 46, 1176-1191.  doi: 10.1037/a0019672 

http://site.ebrary.com.ezproxy1.library.arizona.edu/


  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            105 

 

Collie, A., Makdissi, M., Maruff, P., Bennell, K.,  & McCrory, P. (2006).  Cognition in 

the days following concussion: Comparison of symptomatic versus asymptomatic 

athletes.  Journal of Neurology, Neurosurgery Psychiatry, 77, 241-245.  doi: 

10.1136/jnnp.2005.073155 

Collins, M. W., Grindel, S. H., Lovell, M. R., Dede, D. E., Moser, D. J., Phalin, B. R., . . . 

McKeag, D. B. (1999).  Relationship between concussion and neuropsychological 

performance in college football players.  Journal of the American Medical 

Association, 282, 965-970.  Retrieved from: http://jama.jamanetwork.com 

Collins, M. W., Iverson, G. L., Lovell, M. R., McKeag, D. B., Norwig, J., & Maroon, J. 

(2003).  On-field predictors of neuropsychological and symptom deficit following 

sports-related concussion.  Clinical Journal of Sports Medicine, 13, 222-229. 

Retrieved from: http://www.cjsportsmed.com 

Collins, M. W., Lovell, M. R., Iverson, G. L., Cantu, R. C., Maroon, J. C., & Field, M. 

(2002).  Cumulative effects of concussion in high school athletes.  Neurosurgery, 

51, 1175-1081. doi:10.1227/01.NEU.0000031572.99927.93  

Covassin, T., Crutcher, B., Bleecker, A., Heiden, E. O., Dailey, A., & Yang, J. (2014). 

Postinjury anxiety and social support among collegiate athletes: A comparison 

between orthopaedic injuries and concussions.  Journal of Athletic Training, 

49(4), 462–468. http://doi.org/10.4085/1062-6059-49.2.03 

Covassin, T., Elbin, R. J., Stiller-Ostrowski, J. L., & Kontos, A. P. (2009).  Immediate 

Post-Concussion Assessment and Cognitive Testing (ImPACT) practices of sports 

medicine professionals.  Journal of Athletic Training, 44, 639–644.  Retrieved 

from:  www.nata.org/jat. 



  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            106 

 

Dallal, G. E. (2012). Simplifying a Multiple Regression Equation. Retrieved from  

http://www.jerrydallal.com/lhsp/simplify.htm 

Deno, S.L. (2003).  Curriculum-based measures: development and perspectives.  

Assessment for Effective Intervention, 28 (3&4), 3-12. 

Elbin, R. J., Schatz, P. & Covassin, T. (2011).  One-year test-retest reliability of the 

online version of ImPACT in high school athletes.  The American Journal of 

Sports Medicine, 39, 2319-2324. doi:10.1177/036354651147173 

Etnier, J. L., & Chang, Y. K. (2009). The effect of physical activity on executive 

function: A brief commentary on definitions, measurement issues, and the current 

state of the literature.  Journal of Sport and Exercise Psychology, 31, 469-483.   

Retrieved from EBSCOhost EJS database (0895-2779) 

Ewing-Cobbs, L., Barnes, M., Fletcher, J. M., Levin, H. S., Swank, P. R., & Song, J. 

(2004).  Modeling of longitudinal academic achievement scores after pediatric 

traumatic brain injury.  Developmental Neuropsychology, 25 (1 & 2), 107-133.  

doi:10.1207/s15326942dn2501&2_7 

Family Educational Rights and Privacy Act of 1974, 20 U.S.C. § 1232g; 34 CFR Part 

99). 

Faul, F., Erdfelder, E., Lange, A. G., & Buchner, A. (2007).  G*Power 3: A flexible 

statistical power analysis program for the social, behavioral, and biomedical 

sciences.  Behavior Research Methods, 39, 191.  Retrieved from: 

http://www.gpower.hhu.de/en.html 

http://www.jerrydallal.com/lhsp/simplify.htm


  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            107 

 

Frazier, P. A., Tix, A. P., & Barron, K. E. (2004).  Testing moderator and mediator 

effects in counseling psychology research.  Journal of Counseling Psychology, 

51, 115-134.  doi: 10.1037/0022-0167.51.1.115 

Geary, D. C. (2011).  Cognitive predictors of achievement growth in mathematics: A 

five year longitudinal study.  Developmental Psychology, 47, 1539-1552.  

doi:10.1037/a0025510. 

Gioia, G. A., Isquith, P. K., Schneider, J. C., & Vaughan, C. G. (2009).  New approaches 

to assessment and monitoring of concussion in children.  Topics in Language 

Disorders, 29, 266-281. doi: 10.1542/peds.2008-2805 

Grady, M. F. (2010).  Concussion in the adolescent athlete.  Current Problems in 

Pediatric and Adolescent Health Care, 40, 154-169. 

doi:10.1016.j.cppeds.2010.06.002 

Greiffenstein, M. F., & Baker, W. J. (2003).  Premorbid clues? Preinjury scholastic 

performance and present neuropsychological function in late post concussion 

syndrome.  The Clinical Neuropsychologist, 17, 561-573. doi: 

10.1076/clin.17.4.561.27937 

Halstead, M. E., McAvoy, K., Devore, C. D., Carl, R., Lee, M., Logan, K., Council on 

Sports Medicine and Fitness, & Council on School Health (2013).  Returning to 

following a concussion: Clinical report.  American Academy of Pediatrics, 132, 

948-957. doi: 10.1542/peds.2013-2867  

Hawley, C. A., Ward, A. B., Magnay, A. R., & Mychalkiw, W. (2004). Return to school 

after brain injury. Archives of Disease in Childhood, 89, 136-142. doi: 

10.1136/adc.2002.025577 



  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            108 

 

Herring, S. A., Boyajian-O’Neill, L. A., Coppel, D. B., Daniels, J. M., Gould, D., Grana, 

W., . . . Putukian, M. (2006).  Psychological issues related to injury in athlets and 

the team physician: A consensus statement.  Medicine & Science in Sports & 

Exercise, 2030-2034. doi: 10.1249/MSS.0b013e31802b37a6 

Holland, J. N., & Schmidt, A. T. (2015).  Static and dynamic factors promoting resilience 

following traumatic brain injury: A brief review.  Neural Plasticity, 2015, 1-8. 

Retrieved from: http://dx.doi.org/10.1155/2015/902802 

Individuals with Disabilities Education Improvement Act, 34 Code of Federal 

Regulations §300.7(c) (2004). 

The Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT) Test 

Technical Manual: Online ImPACT 2007-2012 (2011).  Retrieved from: 

http://www.impacttest.com 

 

Iverson, G. L. (2007).  Predicting slow recovery from sport-related concussion: The new 

simple-complex distinction.  Clinical Journal of Sport Medicine, 17, 31-37. 

Retrieved from:  http://ovidsp.tx.ovid.com.ezproxy2.library.arizona.edu/ 

Iverson, G. L., Lovell, M. R., & Collins, M. W. (2003).  Interpreting change on ImPACT 

following sport concussion. The Clinical Neuropsychologist, 17, 460– 467.  

doi:10.1076/clin.17.4.460.27934 

Jacob, S., Decker, D. M., & Hartshorne, T. S. (2011). Ethics and law for school 

psychologists: Sixth Edition. Hoboken, New Jersey: John Wiley & Sons, Inc. 



  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            109 

 

Johnson, E. W., Kegel, N. E., & Collins, M. W. (2011).  Neuropsychological assessment 

of sport-related concussion.  Clinics in Sports Medicine, 30, 73-88.  

doi:10.1016/j.csm.2010.08.007 

Johnston, K. M., McCrory, P., Mohtadi, N. G., & Meeuwisse, W. (2001).  Evidence-

based review of sport-related concussion: Clinical science. Clinical Journal of 

Sport Medicine, 11, 150-159.  Retrieved from: http://www.cjsportsmed.com 

Kontos, A. P., Braithwaite, R., Dakan, S. & Elbin, R. J. (2014).  Computerized 

neurocognitive testing within 1 week of sport-related concussion: Meta-analytic 

review and analysis of moderating factors.  Journal of the International 

Neuropsychological Society, 20, 324-332.  doi: 10.1014/S135561771300471 

Langlois, J. A., Rutland-Brown, W., & Wald, M. M. (2006). The epidemiology and 

impact of traumatic brain injury: A brief overview. The Journal of Head Trauma 

Rehabilitation, 21, 375-378. doi:10.1097/00001199-200609000-00001 

Lau, B. C., Collins, M. W., & Lovell, M. R. (2011). Sensitivity and specificity of 

subacute computerized neurocognitive testing and symptom evaluation in 

predicting outcomes after sports-related concussion.   The American Journal of 

Sports Medicine, 39, 1209-1216. doi: 10.1177/0363546510392016 

Lau, B. C., Collins, M. W., & Lovell, M. R. (2012).  Cutoff scores in neurocognitive 

testing and symptom clusters hat predict protracted recovery from concussion in 

high school athletes.  Neurosurgery, 70, 371-379.  

doi:10.1227/NEU.0b013e31823150f0 



  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            110 

 

Lewandowski, L. J., & Rieger, B. (2009).  The role of a school psychologist in 

concussion. Journal of Applied School Psychology, 25, 95-110. doi: 

10.1080/15377900802484547 

Light, R., Asarnow, R., Satz, P., Zaucha, K., McCleary, C., & Lewis, R. (1998). Mild 

closed-head injury in children and adolescents: Behavior problems and academic 

outcomes. Journal of Consulting And Clinical Psychology, 66, 1023-1029. 

doi:10.1037/0022-006X.66.6.1023 

Lincoln, A. E., Caswell, S. V., Almquist, J. L., Dunn, R. E., Norris, J. B., & Hinton, R. Y. 

(2011).  Trends in concussion incidence in high school sports: A prospective 11-

year study.  The American Journal of Sports Medicine, 39, 958-963. 

doi:10.1177/0363546510392326  

Lovell, M. R., Collins, M. C., Iverson, G. L., Johnston, K. M., & Bradley, J. P. (2004).  

Grade 1 or “ding” concussions in high school athletes.  The American Journal of 

Sports Medicine, 32, 47-54. doi:10.1177/0363546503260723 

Maerlender, A., Flashman, L., Kessler, A., Kumbhani, S., Greenwald, R., Tosteson, T.,  

& McAllister, T.  (2013). Discriminant construct validity of ImPACT: A 

companion study.  The Clinical Neuropsychologist, 27, 290-299.  doi: 

10.1080/13854046.2012.744098 

Majerske, C. W., Mihalik, J. P., Ren, D., Collins, M. W., Reddy, C., Lovell, M. R.,  & 

Wagner, A. K. (2008).  Concussion in sports: Post concussive activity levels, 

symptoms, and neurocognitive performance. Journal of Athletic Training, 43, 

265–274. doi:10.4085/1062-6050-43.3.265 



  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            111 

 

Marar, M., Mcllvain, N. M., Fields, S. K., & Comstock, R. D. (2012).  Epidemiology of 

concussion among United States high school athletes in 20 sports.  The American 

Journal of Sports Medicine, 40, 747-755.  doi:10.1177/0363546511435626 

Maroon, J. C., Lovell, M. R., Norwig, J., Podell, K., Powell, J. W., & Hartl, R. (2000).  

Cerebral concussion in athletes: Evaluation and neuropsychological testing.  

Neurosurgery, 47, 659-672.  Retrieved from: 

http://ovidsp.tx.ovid.com.ezproxy1.library.arizona.edu/ 

Master, C. L., Gioia, G. A., Leddy, J. J., & Grady, M. F. (2012).  Importance of ‘return-

to- learn’ in pediatric and adolescent concussion.  Pediatrics Annals, 41, 1-6.  

Retrieved from: 

http://www.ubortho.buffalo.edu/concussion/4109ReturnToLearn.pdf 

Mather, N., & Wendling, B. J. (2012).  Linking cognitive abilities with academic 

interventions for students with specific learning disabilities (SLD).  In Flanagan, 

D. P., & Harrison, P. S. (Eds.), Contemporary intellectual assessment: Theories, 

tests and issues (pp. 553-584). Retrieved from: https://books.google.com/books 

McAvoy, K. (2012).  Research-based practice: Returning to learning: Going back to 

school following a concussion. National Association of School Psychologists 

(NASP) Communiqué, 40.  Retrieved from www.nasponline.org  

McClelland, M. M., Connor, C. M., Jewkes, A. M., Cameron, C. E., Farris, C. L., & 

Morrison, F.J. (2007).  Links between behavioral regulation and preschoolers’ 

literacy, vocabulary, and math skills.  Developmental Psychology, 43, 947-959. 

doi: 10.1037/0012-1649.43.4.947  



  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            112 

 

McClincy, M. P., Lovell, M. R., Pardini, J., Collins, M. W., &  Spore, M. K. (2006).  

Recovery from sports concussion in high school and collegiate athletes.  Brain 

Injury, 20, 33–39. doi: 10.1080/02699050500309817 

McCrory, P., Collie, A., Anderson, V., & Davis, G. (2004).  Can we manage sport related 

concussion in children the same as adults?  British Journal of Sports Medicine, 

38, 516-519. doi: 10.1136/bjsm.2004.014811 

McCrory, P., Johnston, K., Meeuwisse, W., Aubry, M., Cantu, R., Dvorak, J., . . . 

Schamasch, P. (2005).  Summary and agreement statement of the 2
nd

 International 

Conference on Concussion in Sport, Prague 2004.  British Journal of Sports 

Medicine, 39, 196-204.  doi: 10.1136/bjsm.2005.018614 

McCrory, P., Meeuwisse, W., Aubry, M., Cantu, R., Dvorak, J., Echemendia, R. J., . . 

.Turner, M. (2013).  Consensus statement on concussion in sport: The 4
th

 

International Conference on Concussion in Sport, Zurich, November 2012.  

Journal of Athletic Training, 48, 544-575.  doi: 10.4085/1062-6050-48.4.05 

McCrory, P., Meeuwisse, W., Johnston, K., Dvorak, J., Aubry, M., Molloy, M., & Cantu, 

R. (2009).  Consensus statement on concussion in sport: The 3
rd

 International 

Conference on Concussion in Sport held in Zurich, November 2008.  Journal of 

Athletic Training, 44, 433-448.  Retrieved from 

http://go.galegroup.com.ezproxy1.library.arizona.edu/ 

McQuilkin, S. (2002).  Brutality in football and the creation of the NCAA: A codified 

moral compass in progressive America. Sport History Review, 33, 1-34. Retrieved 

from: 

http://go.galegroup.com.ezproxy1.library.arizona.edu/


  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            113 

 

http://journals.humankinetics.com/AcuCustom/Sitename/Documents/DocumentIt

em/5105.pdf 

Meehan, W. P., d’Hemecourt, P., Collins, C. L., & Comstock, D. (2011).  Assessment 

and management of sport-related concussions in United States high schools.  The 

American Journal of Sports Medicine, 39, 2304-2310. doi: 

10.1177/0363546511423503 

Meehan, W. P., d’Hemecourt, P., Collins, C. L., Taylor, A. M., & Comstock, D. (2012).  

Computerized neurocognitive testing for the management of sport-related 

concussions.  Pediatrics, 129, 38-44.  doi: 10.1542/peds.2011-1972   

Moser, R. M. (2007).  The growing public health concern of sports concussion: The new  

psychology practice frontier.  Professional Psychology: Research and Practice, 

38, 699–704. doi: 10.1037/0735-7028.38.6.699 

Moser, R. M., Glatts, C., & Schatz, P. (2012). Efficacy of immediate and delayed 

cognitive and physical rest for treatment of sports-related concussion.  The 

Journal of Pediatrics, 161, 922-926.  doi: 10.1016/j.jpeds.2012.04.012 

Moser, R. S., Schatz, P., & Jordan, B. D. (2005).  Prolonged effects of concussion in high 

school athletes.  Neurosurgery,57, 300-306.  doi: 

10.1227/01.NEU.000016666398616.E4 

Moser, R. S., Schatz, P., Neidzwski, K. & Ott, S. D. (2011).  Group versus individual 

administration affects baseline neurocognitive test performance.  The American 

Journal of Sports Medicine, 39, 2325-2330. doi:10.1177/0363546511417114 

Nakayama, Y., Covassin, T., Schatz, P., Nogle, S., & Kovan, J. (2014). Examination of 

the test-retest reliability of a computerized neurocognitive test battery.  The 

http://journals.humankinetics.com/AcuCustom/Sitename/Documents/DocumentItem/5105.pdf
http://journals.humankinetics.com/AcuCustom/Sitename/Documents/DocumentItem/5105.pdf


  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            114 

 

American Journal of Sports Medicine, 42, 2000-2005. doi: 

10.1177/0363546514535901  

National Federation of State High Schools (2011). Suggested guidelines for management 

of concussion in sports. Retrieved from: http://www.nfhs.org 

National Federation of State High Schools (2014, October 30). High school participation 

increases for 25th consecutive year.  Retrieved from: http://www.hfhs.org 

Neisser, U., Boodoo, G. Bouchard, T. J., Boykin A. W., Brody, N., Ceci, S. J., & . . . 

Urbina, S. (1996).  Intelligence: Knowns and unknowns.  American Psychologist, 

51, 77-101.  doi: 10.1037./0003-066X.51.2.77  

O’Brien, L. M. (2009).  The neurocognitive effects of sleep disruption in children and 

adolescents.  Child and Adolescent Psychiatry in Clinics North America, 18, 813-

823.  doi:10.1016/j.chc.2009.04.008 

Reddy, C., Collins, M. W.,  & Gioia, G. A. (2008).  Adolescent sports concussion. 

Physical Medicine and Rehabilitation Clinics of North America, 19, 247-269.  

doi: 10.1016/jmpmr.2007.12.002 

Sady, M. D., Vaughn, C. G., & Gioia, G. A. (2011).  School and the concussed youth: 

Recommendations for concussion education and management.  Physical Medicine 

and Rehabilitation Clinics of North America, 22, 701–719. 

doi:10.1016/j.pmr.2011.08.008 

St. Clair, H. L., & Gathercole, S. E. (2006).  Executive functions and achievements in 

school: Shifting, updating, inhibition and working memory.  The Quarterly 

Journal of Experimental Psychology, 59, 745-759.  

doi:10.1080/17470210500162854 

http://www.nfhs.org/
http://www.hfhs.org/


  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            115 

 

Sattler, J. (2014). Resource guide to accompany foundations of behavioral, social and 

clinical assessment of children: Sixth edition.  San Diego: Jerome M. Sattler, 

Publisher, Inc. 

Satz, P., Zaucha, K., McCleary, C., Light, R., Asarnow, R., & Becker, D. (1997). Mild 

head-injury in children and adolescents: A review of studies (1970-1995). 

Psychological Bulletin, 122, 107-131. doi:10.10.37/0033-2909.122.2.107 

Saunders, R. L., & Harbaugh, R. E. (1984).  The second impact in catastrophic contact-

sports head trauma.  Journal of the American Medical Association, 252, 538-539. 

Retrieved from: http://jama.jamanetwork.com/ 

Schatz, P., Pardini, J. E.,  Lovell, M. R.,  Collins, M. W., & Podell, K. (2006). Sensitivity 

and specificity of the ImPACT Test Battery for concussion in athletes.  Archives 

of Clinical Neuropsychology, 21, 91–99.  doi: doi:10.1016/j.acn.2005.08.001  

 Schatz, P., & Zillmer, E. A. (2003).  Computer-based assessment of sports-related 

concussion.  Applied Neuropsychology, 10, 42-47. doi: 

10.1207/S15324826AN1001_6 

Scott, B. M., Paskus, T. S., Miranda, M., Petr, T. A., & McArdle, J. J. (2008).  In-season 

vs. out-of-season academic performance of college student-athletes.  Journal of 

Intercollegiate Sports, 1, 202-226. Retrieved from: 

https://www.ncaa.org/sites/default/files/inseason_outofseason_academic_perf.pdf 

Sirin, S. S. (2005).  Socioeconomic status and academic achievement: A meta-analytic 

review of research.  Review of Educational Research, 75, 417-453.  Retrieved 

from : http://rer.aera.net 



  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            116 

 

Thomas, D. G., Collins, M. W., Saladino, R. A., Frank, V., Rabb, J., & Zuckerbraun, N. 

S. (2011).  Academic Emergency Medicine, 18, 246-254.  doi: 10.1111/j.1553-

2712.2011.01015.x. 

Thurman, D. J., Branche, C. M., & Sniezek, J. E. (1998). The epidemiology of sports-

related traumatic brain injuries in the United States: Recent developments.  

Journal of Head Trauma Rehabilitation, 13, 1-8. Retrieved from: 

http://ovidsp.tx.ovid.com.ezproxy1.library.arizona.edu 

Tsushima, W. T., Shirakawa, N., & Gling, O. (2013).  Neurocognitive functioning and 

symptom reporting of high school athletes following a single concussion.  Applied 

Neuropsychology: Child, 2, 13-16. doi: 10.1080/09084282.2011.643967 

U.S. Department of Health and Human Services, Centers for Disease Control and 

Prevention, Morbidity and Mortality Weekly Report (October 7, 2011).  Nonfatal 

traumatic brain injuries related to sports and recreation activities among persons 

aged ≤19 years — United States, 2001–2009. Retrieved from 

http://www.cdc.gov/mmwr/pdf/wk/mm6039.pdf 

 Voss, M. W.,  Kramer, A. F., Basak, C., Prakash, R. S., & Roberts, B. (2010).  Are 

expert athletes ‘expert’ in the cognitive laboratory? A meta-analytic review of 

cognition and sport expertise.  Applied Cognitive Psychology, 24, 812-826.  doi: 

10.1002/acp.1588 

Welsh, J. A., Nix, R. L., Blair, C., Bierman, K. L., & Nelson, K. E. (2010).  The 

development of cognitive skills and gains in academic school readiness for 

children from low-income families.  Journal of Educational Psychology, 102, 43-

53. doi: 10.1037/a0016738 

http://www.cdc.gov/mmwr/pdf/wk/mm6039.pdf


  CONCUSSIONS AND ACADADEMIC ACHIEVEMENT                                            117 

 

Yarnell, P. R., & Lynch, S. (1973).  The ‘ding’: Amnestic states in football trauma.  

Neurology, 23, 196-197.  Retrieved from: 

http://ovidsp.tx.ovid.com.ezproxy1.library.arizona.edu/ 

 

 

 

 

 

 

 

http://ovidsp.tx.ovid.com.ezproxy1.library.arizona.edu/

