
Georgia Southern University 

Digital Commons@Georgia Southern 

Electronic Theses and Dissertations Graduate Studies, Jack N. Averitt College of 

Spring 2018 

How Anxiety in Adolescent Athletes May Affect Baseline 
Neuropsychological Test Scores 
Christopher P. Tomczyk 

Follow this and additional works at: https://digitalcommons.georgiasouthern.edu/etd 

 Part of the Other Kinesiology Commons 

Recommended Citation 
Tomczyk, Christopher P., "How Anxiety in Adolescent Athletes May Affect Baseline 
Neuropsychological Test Scores" (2018). Electronic Theses and Dissertations. 1752. 
https://digitalcommons.georgiasouthern.edu/etd/1752 

This thesis (open access) is brought to you for free and open access by the Graduate Studies, Jack 
N. Averitt College of at Digital Commons@Georgia Southern. It has been accepted for inclusion in 
Electronic Theses and Dissertations by an authorized administrator of Digital Commons@Georgia 
Southern. For more information, please contact digitalcommons@georgiasouthern.edu. 

http://digitalcommons.georgiasouthern.edu/etd
http://digitalcommons.georgiasouthern.edu/etd
https://digitalcommons.georgiasouthern.edu/
https://digitalcommons.georgiasouthern.edu/etd
https://digitalcommons.georgiasouthern.edu/cogs
https://digitalcommons.georgiasouthern.edu/etd?utm_source=digitalcommons.georgiasouthern.edu%2Fetd%2F1752&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/47?utm_source=digitalcommons.georgiasouthern.edu%2Fetd%2F1752&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.georgiasouthern.edu/etd/1752?utm_source=digitalcommons.georgiasouthern.edu%2Fetd%2F1752&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@georgiasouthern.edu


HOW ANXIETY IN ADOLESCENT ATHLETES MAY AFFECT BASELINE 

NEUROPSYCHOLOGICAL TEST SCORES 

 

by 

 

CHRISTOPHER PATRICK TOMCZYK  

 

(Under the Direction of Tamerah N. Hunt) 

ABSTRACT 

Background: Anxiety is highly prevalent in the adolescent population and can affect 

performance on cognitive tasks. As part of a concussion protocol, measuring cognitive ability 

through the use of baseline neuropsychological testing is recommended in the high school 

setting. Because of the cognitive nature of baseline testing, there is potential for anxiety to 

influence scores. Purpose: To examine the effects of varying levels of state and trait anxiety on a 

baseline computerized neurocognitive assessment in the adolescent population. Methods: 75 

adolescent athletes (age:15.91±1.33, height (cm): 168.72±9.07, weight (kg): 62.97±12.04) 

participated in the study. Cognitive ability was measured utilizing the Immediate Post-

Concussion Assessment and Cognitive Test (ImPACT), while the anxiety screen utilized was the 

State Trait Anxiety Inventory. Data collection took place during preseason, and measures were 

administered within five minutes of each other. Participants were split into high and low groups 

based upon their level of state and trait anxiety. Statistical Analyses: Descriptive statistics were 

run on all demographic variables and outcome measures. Two one-way ANOVAs were 

conducted to compare ImPACT composite scores across high and low anxiety groups. Results: 

Significant differences were found between the high and low state anxiety groups for reaction 

time (LS 0.60±0.10, HS 0.69±0.09, F(1, 73) = 6.28, p =.01, r = -0.43, Cohen’s d = -0.95). No 

significant differences were found between the state and trait anxiety groups for any other 

composite score (p > 0.05). Summary: Adolescent athletes consistently perceive situations as 



stressful, and those in the high state anxiety group have slower reaction times during baseline 

concussion assessment. Concussion is highly covered in media leading to a change in public 

perception and awareness. This heightened awareness potentially creates an environment where 

adolescent athletes do not assess baseline testing as stressful, thereby reducing the overall effect 

of anxiety on performance. The current concussion paradigm places substantial weight on 

neuropsychological testing, however post-injury testing may be more stress provoking. 

Therefore, future research should examine how anxiety affects the post-injury examination. 

INDEX WORDS: State anxiety, Trait anxiety, Concussion, Cognitive testing, High school  

 



 

 

HOW ANXIETY IN ADOLESCENT ATHLETES MAY AFFECT BASELINE 

NEUROPSYCHOLOGICAL TEST SCORES 

 

by 

CHRISTOPHER PATRICK TOMCZYK 

Bachelors of Science, West Chester University, 2016 

A Thesis Submitted to the Graduate Faculty of Georgia Southern University in Partial 

Fulfillment of the Requirements for the Degree 

MASTER OF SCIENCE  

STATESBORO, GEORGIA 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2018 

CHRISTOPHER PATRICK TOMCZYK 

All Rights Reserved 



1 

 

 

 

HOW ANXIETY IN ADOLESCENT ATHLETES MAY AFFECT BASELINE 

NEUROPSYCHOLOGICAL TEST SCORES 

 

by 

CHRISTOPHER PATRICK TOMCZYK 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                          Major Professor:  Tamerah N. Hunt 

                                          Committee:          George Shaver 

                                                               Jody Langdon 

                                                                

                                                                

 

Electronic Version Approved: 

May 2018 

 



2 

 

 

 

DEDICATION 

I would like to dedicate this thesis to Audrey Krause-Dickman, ATC. Without her 

guidance and inspiration, I would have never found the intense and wonderful profession 

of athletic training. Thank you for being a valued mentor, but more importantly an 

irreplaceable friend.  



3 

 

 

 

ACKNOWLEDGMENTS 

I would like to acknowledge my committee chair, Dr. Tamerah Hunt and my 

committee members, Dr. George Shaver and Dr. Jody Langdon for their invaluable 

support and guidance through this process. I have learned a tremendous amount about 

what it takes to be an independent researcher, and also myself. My gratitude for you three 

is unmeasurable. I would also like to acknowledge my undergraduate mentor Dr. 

Katherine Morrison, without your push I would have never developed my desire to 

conduct research. Finally, I would like to acknowledge my family and friends for their 

continued support in all my endeavors.   

 

 



4 

 

 

 

TABLE OF CONTENTS 

DEDICATION .....................................................................................................................2 

ACKNOWLEDGMENTS ...................................................................................................3 

LIST OF TABLES ...............................................................................................................6 

LIST OF FIGURES .............................................................................................................7 

CHAPTERS  

 1 INTRODUCTION  .....................................................................................................8 

      2 METHODS ...............................................................................................................12 

  2.1 Participants ...................................................................................................12 

  2.2 Main Outcome Measures ..............................................................................13 

  2.3 Procedures ....................................................................................................15 

 3 RESULTS  ................................................................................................................19 

      4 DISCUSSION ...........................................................................................................21 

 5 CONCLUSION  ........................................................................................................27 

APPENDICES 

APPENDIX A: TABLES AND FIGURES  ......................................................................29 

APPENDIX B: RESEARCH SPECIFICS  ........................................................................36 

 B.1 Research Questions .......................................................................................36 

 A.2 Hypotheses ....................................................................................................36 

 A.3 Inclusion/Exclusion Criteria .........................................................................36 

 A.4 Limitations/Delimitations .............................................................................36 

 A.5 Assumptions .................................................................................................37 

APPENDIX C: REVIEW OF LITERATURE ...................................................................38 

 C.1 Anxiety: A Brief History ..............................................................................38 



5 

 

 

 

 C.2 Defining Anxiety ..........................................................................................39 

 C.3 Stress and Anxiety: A Vicious Cycle ...........................................................44 

 C.4 Anxiety in Adolescents .................................................................................47 

 C.5 Theoretical Framework of Anxiety and Performance ..................................50 

 C.6 Clinical Measures of Anxiety .......................................................................53 

 C.7 Concussion Definition, Epidemiology, and Implications .............................57 

 C.8 Neuropsychological Testing in Concussion .................................................59 

 C.9 Immediate Post-Concussion Assessment and Cognitive Test ......................60 

 C.10 Anxiety and the Concussion Protocol .........................................................62 

APPENDIX D: MEASURES  ...........................................................................................65 

 D.1 Immediate Post-Concussion Assessment and Cognitive Test ......................65 

 D.2 State Trait Anxiety Inventory .......................................................................72 

APPENDIX E: INSTITUTIONAL REVIEW BOARD APPLICATION  ........................75 

 E.1 IRB Study Approval Letter ...........................................................................75 

APPENDIX F: REFERENCES .........................................................................................76 

 

 

 

 



6 

 

 

 

LIST OF TABLES 

Table 1: ImPACT Modules ................................................................................................29 

 

Table 2: Descriptive Statistics of Sample ..........................................................................30 

 

Table 3: Distribution of Sample .........................................................................................31 

 

Table 4: ImPACT Composite Scores and Norms for State Anxiety Groups .....................32 

 

Table 5: ImPACT Composite Scores and Norms for Trait Anxiety Groups .....................33 

 

 

 

 

 

 

 

 

 



7 

 

 

 

LIST OF FIGURES 

 

Figure 1: Exclusion Criteria for Final Analysis .................................................................34 

 

Figure 2: Composite Reaction Time Scores for Adolescent Athletes with High and Low 

State Anxiety  .....................................................................................................................35 

 

Figure 3: The S-Anxiety Scale (Example Questions)  .......................................................73 

 

Figure 4: The T-Anxiety Scale (Example Questions)   ......................................................74 

 

 

 

 

 

 

 



8 

 

 

 

CHAPTER 1 

 

INTRODUCTION 

 

Anxiety is the most prevalent mental disorder in the United States to date, 

specifically effecting 31.9% of adolescents.1 A disorder that affects such a large 

percentage of the adolescent population, it is prudent to explore the impacts on various 

aspects of health. Anxiety is often defined as a negative emotional state characterized by 

the variant manifestation of both physiological and/or psychological symptoms.2,3 

Cognitive symptoms are psychological in nature and influence the mental state of the 

person and include feelings of worry, apprehension, and self-doubt.4 Conversely, somatic 

symptoms are physiological in nature and can include nausea, muscle tremors, and 

‘butterflies’.4 The manifestation of cognitive and somatic symptoms is directly influenced 

by two variable-based factors of anxiety. 

 State anxiety and trait anxiety are two factors that dictate the frequency, 

manifestation, and severity of emotional responses to external stimuli. These factors have 

unique aspects that determine their role in the anxiety response and are derived from 

multiple anxiety-based variables.5 State anxiety can be classified as the conscious 

transitional emotional state that is depicted by the manifestation of symptoms (cognitive 

and/or somatic).6 In other words, state anxiety describes the ever-changing emotional 

states and are direct expressions of personality states.5,6 This component of anxiety is 

primarily situational, but it can also be influenced by trait anxiety. 
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 Trait anxiety is the aspect of personality that dictates if a person will perceive a 

wide range of situations as stressful.6 Being rooted in personality makes trait anxiety a 

stable construct that will have an impact on almost every encounter an adolescent has 

with their external environment. Due to its constant presence, trait anxiety has partial 

control over the level of presenting state anxiety, thereby influencing the frequency and 

severity of state anxiety responses.2,6  It is clear that anxiety will always play a role in the 

interpretation of the external world, and it is important to understand how this may affect 

tasks. 

 Various studies have identified that the distribution of mental resources as the link 

to performance detriments on cognitive tasks.7–11 Anxiety can have an overriding effect 

on the distribution of mental resources due to athlete self-preoccupation. The cognitive-

attentional view states that worry anxiety symptoms will decrease performance by 

causing an interference in attentional capacity.8–10 The attentional systems of adolescents 

can be hypersensitive to stressful stimuli and in response redirect mental resources to 

self-relevant variables instead of promoting full concentration to task-relevant 

variables.10,12 Additionally, capacity sharing postulates that the brain processes share 

capacity (mental resources). When a person is performing more than one task, utilizing 

multiple cognitive systems, and/or high level of difficulty there is less capacity for each 

individual task and thus performance is impaired.11 As a result, this division of resources 

decreases an adolescent’s cognitive capacity, with a resulting negative consequence on 

performance. However, performance may not always be negatively affected, there are 

some instances where anxiety may have a positive effect.13 The dynamic influence that 
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anxiety has on cognition may lead to complications in assessing injuries that involve 

cognitive testing.  

 The Center for Disease Control has labeled concussions as an epidemic due to 

their high occurrence rate, especially in the athlete population. Approximately 63,000 

adolescent sport-related concussions occur annually in the United States.14 The 

prevalence of this mild-traumatic brain injury is most critical in the high school 

population, with an estimated incidence rate of up to 15.3% in football alone.14 The 

epidemic status of concussion has forced the injury into the forefront of media and 

research drastically increasing public awareness. 

 Concussions are considered to be a complex brain injury and thereby requires a 

multifaceted approach to both diagnosis and management.15–18 Over the past decade, 

there has been an increase in emphasis on the altered levels of cognition following 

concussion in making clinical assessments.17,18 Therefore, the measurement of cognitive 

ability has become a staple in clinical practice, especially for return to play decisions.17 In 

the recommended concussion protocol, cognitive ability is assessed by 

neuropsychological testing.  

 Computerized neuropsychological batteries assess specific cognitive functions, 

and are highly utilized in the high school population.17,19 Adolescents present uniquely 

during neuropsychological testing with differences arising across a variety of variables 

including age, sex, and athletic status.20–22 To insure the most sensitive measure of 

individual cognitive ability, these test batteries are compared to a baseline assessment.15–

17 Literature is beginning to show that psychological comorbidities (e.g. depression and 
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anxiety) may influence baseline concussion assessments.21,23,24 Anxiety has specifically 

been shown to effect computerized baseline concussion assessments in collegiate 

athletes.24 Due to the reliance of neuropsychological testing by clinicians in the high 

school setting, it is paramount to examine both state and trait anxiety as a mitigating 

factor that may jeopardize baseline assessments.  

 Obtaining an accurate benchmark of premorbid cognitive status is essential for 

managing concussions in the adolescent population. Anxiety during baseline testing may 

increase or decrease the capacity to execute cognitive tasks, which can lead to alterations 

in baseline performance. These alterations should be worrisome to healthcare 

professionals in the high school setting because it could further complicate adolescent 

concussion assessment. Without consideration, anxiety could adversely affect baseline 

testing leading to a decrease in quality of care for adolescent athletes in regards to 

concussion. Therefore, the purpose of this study is to examine the effects of state and trait 

anxiety on baseline neurocognitive assessment in the adolescent population. It is 

hypothesized that adolescent athletes will differ in performance and symptomology based 

on their level of state and trait anxiety at baseline. 
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CHAPTER 2 

METHODS 

2.1 Participants 

A total of 81 participants were enrolled in this study, and after exclusion criteria 

were imposed the final analysis included 75 adolescents (male 35, female 40) currently 

attending high school and participating in interscholastic athletics (Figure 1). All 

participants were required to complete both a computerized neuropsychological battery 

(Immediate Post-Concussion Assessment and Cognitive Test; ImPACT) and an anxiety 

screen (State Trait Anxiety Inventory; STAI). All participants were recruited from two 

high schools in southeast Georgia. Participants’ ages ranged between 13-18 (15.91±1.33), 

and all interscholastic sports (junior varsity and varsity) were eligible. Exclusion criteria 

included: history of a concussion in the past six months, injured (musculoskeletal, 

concussion, and/or other head trauma) at the time of testing, self-reported use of 

medication for ADD/ADHD, self-reported use of medication for diagnosed psychiatric 

disorder (depression and anxiety), English as a second language, incomplete data on 

either measure (ImPACT and/or STAI), invalid baseline ImPACT score, and poor effort 

on ImPACT baseline test (determined by a Composite Impulse Score above 14). A total 

of six athletes were excluded based upon these criteria. Three of the athletes were 

excluded because they self-reported taking medication for ADD/ADHD, two athletes 

were excluded because they had a Composite Impulse Control score higher than 14, and 

one athlete was excluded because he reported having a concussion within six months 

prior to baseline testing (Figure 1). 
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The methodology was approved by the Georgia Southern University Institutional 

Review Board prior to recruitment.  

 

2.2 Main Outcome Measures  

Neuropsychological Battery: Immediate Post-Concussion Assessment and Cognitive 

Test (ImPACT) 

 The ImPACT (ImPACT Applications Inc. San Diego, CA) is one of the most 

highly utilized computerized concussion batteries in the high school setting.17,25 The 

internet-based computerized battery contains three primary domains of concussion 

assessment (demographics, symptomology, and neuropsychological testing). In addition, 

a configuration of six modules (Table 1) measures three speed indices and calculates five 

composite scores. The three speed indices include simple reaction time, complex reaction 

time and speed of information processing, with both simple and complex reaction times 

measured in seconds.26,27 The quantitative composite scores calculated consist of Verbal 

Memory, Visual Memory, Visual-Motor Speed (Processing Speed), Reaction Time, and 

Impulse Control.26 Each one of these composite scores is representative of cognitive 

ability in the test-taker except for Impulse Control, which is generally used to detect poor 

effort during testing.28 Poor effort on the part of the participant can skew data, therefore, 

any scores that surpass the cutoff score of 14 were excluded from the analyses.28 

 Psychometric properties of the ImPACT have been calculated in previous 

research where it has been shown to be a valid assessment for cognitive deficits following 



14 

 

 

 

a concussion resulting in a high sensitivity (81.9%-91.4%)29,30 and moderate to high 

specificity (69.4%-89.4%).29,30 Reliable change intervals for each composite score have 

also been calculated with a confidence level of 80%.27 Validity of each composite score 

of has also been established when administered in a group setting.30,31 

 

State-Trait Anxiety Inventory Y Form (STAI-Y) 

  The STAI is an accepted measure of both state and trait anxiety, and is widely 

used in the literature. The Y form is utilized to measure these variables in the adolescent 

and adult population. This inventory consists of two separate 20 item questionnaires that 

assess emotional state (state anxiety, S-Anxiety scale) and consistent personality (trait 

anxiety, T-Anxiety scale).32 Each questionnaire is designed utilizing a 4-point Likert style 

scale in order to gauge intensity of individual aspects associated with both factors of 

anxiety.32 The anchors are consistent across both scales with 1 indicating less likely to 4 

indicating more likely. The S-Anxiety scale is labeled using wording that more accurately 

represents the emotional state at the moment of administration, while the T-Anxiety scale 

uses labels associated with the personality characteristics of the individual.32  

Scoring for each individual scale can range from 20-80 and a cutoff range of 40 

(S-Anxiety) and 36 (T-Anxiety) has been suggested when making interpretations of high 

levels.32–34 Scoring within the high range on the S-Anxiety Scale indicated that a 

participant was endorsing an emotional reaction to a stressful stimuli which is an 

expression of their current emotional state.32 Scoring within the high range on the T-
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Anxiety scale indicated that a participant possessed behavioral positions that are 

associated with consistently interpreting external situations as stressful.32     

 Psychometric properties for the STAI-Y have been established for both reliability 

and validity. Test-retest reliability coefficients have been recorded ranging from 0.31-

0.86 over multiple time intervals.33 It is important to note that since state anxiety is 

situational and can fluctuate frequently the lower coefficients were generally found for 

the S-Anxiety Scale. In addition, internal consistency has been found to be high in 

adolescents (a=0.86).33 Strong construct validity has been established for both adults and 

adolescents; utilizing two criterion scales (Taylor Manifest Anxiety Scale and IPAT 

Anxiety Scale), and has been found to range between 0.73-0.85.33  

 

2.3 Procedures  

Recruitment 

Before any recruitment took place, the investigators received approval from both 

the local county school system, and each individual high school. Once all necessary 

authorizations were obtained the recruitment process began. The investigators contacted 

athletic trainers at approved high schools before the start of preseason to gauge interest. 

The athletic trainers and investigators then met with individual athletic teams to explain 

the study and distribute packets which contained an informational letter, parental consent 

form, minor assent form, and demographic questionnaire. The athletes were informed to 

take them home and have their parent(s)/guardian(s) review and sign them. Once an 

athlete returned their completed packet to the athletic trainer they were enrolled in the 
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study. Both parents and participants were ensured that participation in this study did not 

influence/interfere with academic or athletic involvement in anyway. Furthermore, the 

participants were informed that participation was strictly voluntary and they could have 

withdrawn from participation at any time without repercussion.   

 

Data Collection 

 All schools involved utilized the ImPACT for their baseline neuropsychological 

battery in their concussion protocol, and each school had different administration 

methods. Differences included testing group size, time of day the test was taken, testing 

environment, and if multiple teams were tested simultaneously. The investigators assisted 

the high school’s athletic trainer in administration of the ImPACT according to their 

administration methods. Regardless of school all baseline testing was completed before 

the start of the competitive season for fall, winter, and spring sports. The ImPACT takes 

approximately 30 minutes to complete, and was administered by either the athletic 

trainer(s) and/or the investigators. All parties were properly trained in administrating the 

ImPACT in order to maintain consistency. All athletes were prompted to accurately 

complete the demographics section emphasizing on age, sex, grade level, and sport. 

When feasible the investigators and athletic trainers ensured that at least one chair space 

was between each participant. The ImPACT testing took place in the computer lab and 

libraries of both schools, and either during a physical education period or immediately 

after school.  
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 Although there was slight variability in administration protocols for the ImPACT 

based on school, the administration of the STAI was consistent across all sites. The 

inventory instructions were explained to each participant individually by one of the 

investigators prior to administration. The participant was instructed to report their name, 

age, sex, sport, and grade level during the STAI so that it could be matched to their 

respective ImPACT report. During administration, the primary researcher was available 

to answer any questions participants had. The STAI takes approximately two minutes to 

complete and was administered either before or after completing the ImPACT based upon 

the number of athletes in each testing session. The average time between measure 

administrations was less than five minutes, and the entire data collection process took 

approximately 30-45 minutes depending on how long it took each participant to complete 

the ImPACT. Confidentiality was maintained by keeping all forms in a locked filing 

cabinet on the Georgia Southern University campus.  

Once each participant completed both the ImPACT and the STAI they were 

informed that they had completed the study. Upon completion, each participant received 

a twenty-dollar gift card. ImPACT scores were obtained by the researchers from each 

school’s athletic trainer after baseline testing for an entire team was complete. Depending 

on the school this was done by either printing out hard copies of the output sheet, or 

electronic copies were emailed to the research team on a secure network. If electronic 

copies were received they were printed out and the file was deleted. All hard copies 

received were locked in a filing cabinet with the same stipulations as the STAI forms. All 
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data was manually imported into the SPSS v23.0 (IBM Inc. Armonk, New Castle, NY) 

for statistical analysis.  

 

Statistical Analysis  

Descriptive statistics (means, standard deviations and frequencies) were run on all 

demographic variables, the 5 composite ImPACT scores and total symptom score, and 

the STAI scores (S-Anxiety and T-Anxiety). Statistical assumptions were also assessed 

for normal distribution and the presence of outliers. If outliers were found (±2 standard 

deviations) they were removed from the analysis.  

Participants were split into high and low groups based on their S-Anxiety and T-

Anxiety scores. Distinguishing between high and low groups was determined by the 

cutoff scores for each scale (S-Anxiety: 40, T-Anxiety: 36).32,33 Once groups were 

established, a one-way ANOVA was run to observe significant differences between high 

and low groups for each individual scale. Significance levels were set a priori p<0.05, 

and all statistics were run on SPSS v. 23 (IBM, Armonk, North Castle). 
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CHAPTER 3 

RESULTS 

The current study included a sample of adolescent athletes (n=75). The sample 

was 53% female with a mean age of 15.91±1.33. The majority of the sample was in the 

eleventh grade (36%) and white (77%). Participants were recruited from a variety of 

interscholastic sports with boys’ and girls’ soccer having the largest representation 

(44%). Participants were split into one of two groups based upon their S-Anxiety and T-

Anxiety score (high state anxiety group, n=10, 13%; high trait anxiety group, n=35, 

47%). Performance on ImPACT for all groups were similar to normative population data 

(Table 4 & 5). Descriptive statistics for the entire sample are reported in Table 2 and 

Table 3.   

A one-way ANOVA revealed significant differences (Table 4) between the high 

state (HS) and low state (LS) anxiety groups for Composite Reaction Time (LS 

0.60±0.10, HS 0.69±0.09, F(1, 73) = 6.28, p =.01, r= -0.43, Cohen’s d = 0.95). Due to the 

uneven group distribution, and the violation of homogeneity of variance for the Total 

Symptom Score comparison (p = 0.02) an Independent-Samples Mann-Whitney U Test 

was run to confirm all significant findings. A significant difference was found once again 

for Composite Reaction Time (p = 0.01), therefore we rejected the null hypothesis.  

No significant differences (Table 4) were observed between HS and LS for 

Composite Verbal Memory (LS 88.14±9.52, HS 85.50±8.09, p = 0.41), Composite Visual 

Memory (LS 78.26±11.72, HS 76.30±10.43, p = 0.62), Composite Visual Motor Speed 

(LS 39.91±6.70, HS 36.36±4.56, p = 0.11), Composite Impulse Control (LS 4.51±2.90, 
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HS 4.30±3.20, p = 0.84), and Total Symptom Score (LS 4.34±6.11, HS 8.10±9.36, p = 

0.10).  

 Similarly, a one-way ANOVA was run to determine significant differences 

between the high trait (HT) and low trait (LT) anxiety groups (Table 5). The analysis 

yielded no significant differences between groups for Composite Verbal Memory (LT 

88.41±9.93, HT 87.03±8.65, p = 0.53), Composite Visual Memory (LT 78.44±10.76, HT 

77.47±12.51, p = 0.72), Composite Visual Motor Speed (LT 40.71±6.32, HT 37.91±6.57, 

p = 0.06), Composite Reaction Time (LT 0.60±0.12, HT 0.63±0.08, p = 0.21,), 

Composite Impulse Control (LT 4.73±2.93, HT 4.18±2.92, p = 0.42), and Total Symptom 

Score (LT 3.66±6.41, HT 6.27±6.82, p = 0.09).  

 An additional analysis was conducted in order to account for possible sex 

influence in our sample. A one-way ANOVA revealed no significant differences between 

sexes for Composite Verbal Memory (Male 87.09±9.05, Female 88.40±9.64, p=0.55), 

Composite Visual Memory (Male 79.60±10.78, Female 76.60±12.08, p=0.26), 

Composite Visual Motor Speed (Male 39.29±6.90, Female 39.56±6.29, p=0.86), 

Composite Reaction Time (Male 0.62±0.08, Female 0.61±0.12), Composite Impulse 

Control (Male 4.09±3.19, Female 4.83±2.65, p=0.28), and Total Symptom Score (Male 

4.37±6.91, Female 5.25±6.53, p=0.57). 
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CHAPTER 4 

DISCUSSION 

The study aimed to examine anxiety in the adolescent athlete population and the 

potential effect it may impose on baseline concussion neuropsychological testing. We 

hypothesized that adolescent athletes presenting with high and low state and trait anxiety 

during baseline testing would significantly differ in performance. We found that 

participants presenting with high state anxiety at baseline had significantly slower 

reaction times than those with low state anxiety (Figure 2).  

The national average for adolescent anxiety disorders is reported at 31.9%1, 

however that number does not break down into state and trait anxiety and focuses on 

diagnosed anxiety disorders. It appears that a large portion of our sample (47%, n=35) 

experienced trait anxiety and as such will consistently interpret situations as stressful. Of 

those participants, a small portion (13%, n=10) of the sample experienced emotional 

reactions to stress at the time of testing. However, the question still remained whether 

high levels of state and trait anxiety would affect ImPACT baseline scores.    

 We found significant differences between high and low levels of state anxiety for 

composite reaction time. The athletes in the high state anxiety group had significantly 

slower reaction times compared to the low state anxiety group (Figure 2). Our finding is 

consistent with previous literature that high state anxiety can create decreased 

performance on reaction time variables.24,35–37  Bailey et al.,24 found that collegiate 

athletes with high levels of anxiety during baseline testing performed worse on both 

complex and simple reaction time. Therefore, this finding supports that anxiety during 
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baseline testing may negatively affect an athlete’s reaction time performance regardless 

of age. In adolescent athletes specifically, reaction time has been shown to be influenced 

by sex where females have slower reaction times than their male counterparts.38 Our 

analysis revealed no differences in reaction time between males and females, increasing 

the likelihood that high state anxiety was the cause for performance differences. The 

nature of reaction time tasks may provide insight into how high state anxiety may 

influence poor performance in adolescent athletes. 

 Reaction time tests within computerized neuropsychological batteries involves 

multiple cognitive systems. Composite reaction time is calculated by components of three 

ImPACT modules, and in order to complete them accurately the athlete must efficiently 

coordinate various cognitive tasks such as attention and motor response.26 The 

combination of cognitive tasks creates an increased demand on the amount of cognitive 

resources an athlete needs to complete the assigned activity, which the theory of capacity 

sharing states will inherently inhibit maximal performance.11 Deficits could be 

marginally increased if athletes are distributing capacity to self-relevant variables such as 

managing anxiety symptoms. Participants in the high state anxiety group might have 

experienced cognitive and somatic anxiety at the time of testing. These participants, may 

not efficiently use cognitive resources to support these symptoms4,8–10 Even though high 

state anxiety appears to significantly affect reaction time when compared to peers with 

low anxiety, overall performance of participants with high state anxiety for reaction time 

still fit into average normative population ranges.26 This suggests that state anxiety does 
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slow reaction time performance, but not to the extent where adolescent athletes are 

performing uncharacteristically to the population.  

 This study found no additional significant differences between state groups for 

any composite scores. The relative lack of athletes presenting with high state anxiety and 

performance differences for the majority of composite scores of ImPACT may indicate 

that baseline concussion testing is not stressful to adolescent athletes. This finding may 

be explained by current concussion paradigms. The best practice for baseline testing 

recommends that adolescent athletes (specifically high school athletes) obtain a new 

baseline every two years, and because of this, a majority (61%) of our sample were not 

first-time ImPACT takers.15 ImPACT has been validated against practice effects, but 

previously experiencing the baseline testing process could result in an unexpected 

calming effect in our sample.26 Currently, the social climate surrounding concussion may 

offer insight into why concussion baseline testing may not be stress inducing to athletes.  

Concussion has garnered high amounts of coverage over the past decade that 

spans across multiple domains of media. The participants in our study is a part of one the 

first generations to grow up in this era of heightened awareness and focused concussion 

education. The substantial increase in national awareness has catapulted the injury to the 

forefront of scientific and legal agendas, and has been labeled an epidemic by the CDC.39 

The drastic increase in national attention, research, and education has brought concussion 

into the public eye and may have desensitized the issue for adolescent athletes. Thereby, 

reducing stress surrounding the concussion baseline protocol which could contribute to 

decreasing anxiety in adolescent athletes. Adolescent athletes interpreting baseline testing 
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as non-stressful (creating a lack of state anxiety) may have decreased the gap of 

perceived stress between groups, in lieu of a blanket statement that state anxiety does not 

affect neuropsychological performance.  

Contrary to the original hypothesis, we found no significant differences between 

the high and low trait anxiety groups for any ImPACT composite score. These findings 

are inconsistent with previous literature that demonstrated deficits in multiple cognitive 

processes in high trait anxious individuals.35,40,41 Trait anxiety is a personality 

characteristic, and it appears that almost half of our population are functioning daily 

under high levels of trait anxiety. Daily high levels of trait anxiety materialize as normal 

for our sample of students in the high group as they consistently navigate through social, 

academic, and athletic situations successfully. Specifically, over half (60%, n=21) of the 

high trait anxiety group reported GPA’s greater than a 3.5, demonstrating that a constant 

state of high trait anxiety does not negatively affect their academic performance. 

Therefore, it is not surprising that we did not see any significant differences in our 

participants in regards to neuropsychological testing.  

While we did not see differences between our groups with trait anxiety, it should 

be mentioned that trait anxiety does not directly cause the manifestation of anxiety 

symptoms.5 Rather, trait anxiety will lower the threshold for a situation to be deemed 

stressful by an athlete, and increases the likelihood of experiencing state anxiety. Even 

though a large portion of our sample consistently interprets situations as stressful, only 

25% (n=9) also endorsed a high emotional response at the time of testing. The lack of 

participants that experienced both high trait and state anxiety provides further evidence 
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that adolescent athletes may not interpret baseline testing as a stressor. Furthermore, since 

trait anxiety does not directly cause symptomology, then without a coupled state anxiety 

response, it would have no mechanism to interfere with neuropsychological testing. 

Regardless of level of trait or state anxiety, the composite scores for our adolescent 

athlete population fell within the normative ranges for the average high school student 

reported by ImPACT (Table 4, Table 5). This initial impression that our sample is 

generally unaffected by trait anxiety academically seems to also transfer to performance 

on concussion baseline testing.  

The current study was not without limitations. First, the participants were a 

sample of convenience. As a result of the timing of data collection, we did not collect 

data from football which usually constitutes a large portion of participants in concussion 

research conducted in the high school setting. Overall, our sample of convenience was 

consistent with normative data published by ImPACT.26 Omitting football decreased the 

uneven recruitment of males to females in our study. After careful examination, no 

differences existed between males and females and despite our sample of convenience, it 

appears that our sample performed comparable to normative ImPACT data by age and 

sex.   

Finally, our study may have been influenced by reporting bias. The STAI is self-

reported questionnaire and inherently can be subjected to reporting bias. Adolescent 

athletes may feel uncomfortable to disclose information about anxiety which may have 

increased the likelihood of under-reporting. Therefore, the STAI was administered 

individually to decrease discomfort and promote honesty. Further, the measure’s 
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instructions were thoroughly explained and all questions were answered. Each participant 

was ensured that their results would not be shared with anyone outside the research team.  

Future research should not only expand the generalizability of these findings to 

the greater adolescent population, but also examine the role anxiety may play on the post-

injury assessment. Specifically, the current concussion paradigm relies heavily on 

neuropsychological testing in order to make return-to-play decisions, and poor 

performance can further prolong time out of sport. The emphasis placed on 

neuropsychological testing in this setting holds higher consequence for athletes which 

may be more stress provoking.  
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CHAPTER 5 

CONCLUSION 

 

The current study was a preliminary study that aimed to examine anxiety in 

adolescent athletes and how it interacts with baseline neuropsychological test scores. 

These findings demonstrate that adolescent athletes consistently perceive situations as 

stressful, but appears to have a limited effect on baseline neuropsychological testing. 

Athletes experiencing high levels of state anxiety have significantly slower reaction times 

than those with low state anxiety. Reaction time is a complex cognitive function that 

requires the utilization of multiple cognitive systems which could minimize performance. 

Within this adolescent athlete sample, it appears that high levels of trait anxiety have no 

effect on this concussion test battery.  

The overall lack of differences seen in our study can be an indicator that 

adolescent athletes do not assess baseline concussion testing as stressful. Media has 

increased coverage of concussion extensively over the past decade, and have since 

influenced the current social climate surrounding the injury. A dramatic increase in 

public awareness, legislation, and education has brought concussion to forefront of 

athletics, and may have normalized the injury. In addition, through increased exposure, 

adolescents may have a higher level of understanding regarding the long-term 

consequences of concussion. All of these societal factors could have played a role in why 

our adolescent sample did not appear to assess concussion baseline testing as stressful, 

thereby decreasing the severity of the emotional response experienced.  
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The current study initially set out to determine whether screening for anxiety 

during baseline concussion assessment was warranted. Our findings do not support the 

need for anxiety specific screening. This research did support previous findings that 

anxiety affects reaction time, and the limited findings should be expanded to establish the 

generalizability to a greater portion of the adolescent population. Until such time, we 

recommend that clinicians continue to utilize the multifaceted approach with particular 

focus on psychological and social comorbidities such as anxiety, depression, mental 

health conditions, and socioeconomic status as it relates to concussion assessment in 

adolescent populations.   
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APPENDIX A 

TABLES AND FIGURES 

 

Table 1: ImPACT Modules 

Module  Description 

Module 1: Word Discrimination Measures attentional processes and verbal 

recognition memory 

Module 2: Design Memory Measures attentional processes and visual 

recognition memory 

Module 3: X’s and O’s Measures visual working memory, visual 

processing speed, and visual memory 

Module 4: Symbol Matching Measures visual processing speed, learning and 

memory 

Module 5: Color Matching Measures impulse control and response 

inhibition 

Module 6: Three Letters Measures working memory and visual-

motor response speed. 
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Table 2. Descriptive Statistics of Sample   

Variable     Mean(SD) 

Age     15.91(1.33) 

Height (cm)     168.72(9.07) 

Weight (kg)     62.97(12.04) 

S-Anxiety Scale     31.53(8.58) 

T-Anxiety Scale     35.20(9.57) 

Verbal Memory Composite     87.79(9.33) 

Visual Memory Composite     78.00(11.51) 

Visual Motor Speed Composite     39.44(6.54) 

Reaction Time Composite (sec)     0.61(0.10) 

Impulse Control Composite     4.48(2.92) 

Total Symptom Score     4.84(6.68) 

Cognitive Efficiency Index     0.33(0.14) 

N=75  
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Table 3. Distribution of Sample  

 n % 

Sex   

 Male 35 46.67 

 Female 40 53.33 

Race   

 White 58 77.33 

 Black 11 14.67 

 Asian/Pacific Islander 3 4.00 

 Hispanic 2 2.67 

 Other 1 1.33 

Education Level   

 9th Grade 24 32.00 

 10th Grade 5 6.67 

 11th Grade 27 36.00 

 12th Grade 19 25.33 

Sport   

 Cheerleading 10 13.33 

 Softball 11 14.67 

 Volleyball 10 13.33 

 Basketball 1 1.33 

 Wrestling 2 2.67 

 Soccer 33 44.00 

 Baseball 8 10.67 

N=75   
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Table 4. ImPACT Composite Scores and Norms for State Anxiety Groups  

Composite Scores  Low State  High State Average Normative 

Male Scoresα 

Average Normative 

Female Scoresα 

Verbal Memory  88.14 ± 9.52 85.50 ± 8.09 80-92 84-93 

Visual Memory  78.26 ± 11.72 77.47 ± 12.51 71-88 70-88 

Visual Motor Speed  39.91 ± 6.70 36.36 ± 4.56 33.7-42.5 32.8-42.3 

Reaction Time (sec)  0.60 ± 0.10* 0.69 ± 0.09* 0.58-0.50 0.60-0.51 

Impulse Control  4.51 ± 2.90 4.30 ± 3.20 N/A N/A 

Symptom Score  4.34 ± 6.11 8.10 ± 9.36 1-6 1-8 

*Denotes significance at a priori p<0.05, α Ranges were based off the natural distribution of scores (25th-75th percentile) 

for the average high school student.26 
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Table 5. ImPACT Composite Scores and Norms for Trait Anxiety Groups 

Composite Scores Low Trait  High Trait Average Normative 

Male Scoresα 

Average Normative 

Female Scoresα 

Verbal Memory 88.41 ± 9.93 87.03 ± 8.65 80-92 84-93 

Visual Memory 78.44 ± 10.76 76.30 ± 10.43 71-88 70-88 

Visual Motor Speed 40.71 ± 6.32 37.91 ± 6.57 33.7-42.5 32.8-42.3 

Reaction Time (sec) 0.60 ± 0.12 0.63 ± 0.08 0.58-0.50 0.60-0.51 

Impulse Control 4.73 ± 2.93 4.18 ± 2.92 N/A N/A 

Symptom Score 3.66 ± 6.41 6.27 ± 6.82 1-6 1-8 

*Denotes significance at a priori p<0.05; α Ranges were based off the natural distribution of scores (25th-75th 

percentile) for the average high school student.26 
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APPENDIX B 

 

RESEARCH SPECIFICS 

 

B.1 Research Questions 

• RQ1: Will adolescents presenting with varying levels of state and trait anxiety 

differ in performance on baseline concussion neurocognitive tests? 

 

B.2 Hypotheses 

 

• H0: Anxiety will have no effect on baseline ImPACT performance or symptom 

score in the high school athlete population.  

• H1: High school athletes will differ in performance and symptoms scores on the 

ImPACT based on their levels of state and trait anxiety at baseline.  

 

B.3 Inclusion/Exclusion Criteria 

 

• Inclusion Criteria 

o Currently participating in a high school sport   

o Currently enrolled in a high school located within the Bulloch County 

School System 

o 13-18 years of age 

• Exclusion Criteria 

o History of a concussion in the past six months 

o Injured (musculoskeletal, concussion, and/or other head trauma) at the 

time of testing 

o Self-reported use of medication for ADD/ADHD 

o Self-reported use of medication for diagnosed psychiatric disability 

(depression, anxiety, etc.) 

o English as a second language 

o Incomplete data on either measure (ImPACT and/or STAI-Y) 

o Poor effort on ImPACT baseline test (determined by a Composite Impulse 

Score above 14) 

 

 

B.4 Limitations/Delimitations  

 

• Limitations: 

o Potential Distractors during group administration  
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o Imbalances in group size (Low State: 65, High State: 10; Low Trait: 41, 

High Trait: 34)   

• Delimitations: 

o Convenience sample (only data collecting from high schools in the 

Bulloch County School System) 

o Only looking at state and trait anxiety 

o Utilizing the ImPACT as the only neuropsychological battery 

B.5 Assumptions 

 

• Participants will put forth full effort on ImPACT 

• Participants will be honest in completing the STAI 

• Demographic information will be correct 



38 

 

 

 

 

APPPENDIX C 

REVIEW OF LITERATURE 

C.1 Anxiety: A Brief History 

  Anxiety has been the topic of research across multiple disciplines for decades, 

beginning as far back as Darwin himself. Throughout history, many influential scientists 

have weighed in on the topic of anxiety and have molded the psychological phenomenon 

into what it is today. Sigmund Freud is considered the pioneer of anxiety and the original 

psychologist that brought anxiety into the forefront of research.  

   Freud went through many iterations of his theory of anxiety and how it is 

perceived, understood, and treated. Throughout the many changes and adaptations, his 

simplistic definition always remained relevant: “anxiety is something felt.”42 In the end, 

Freud postulated a schema that shared similarities with the already accepted learning 

theory observed by Pavlov.43 Freudian theory in its simplistic form is the idea that 

anxiety is a secondary drive to fear; stating that anxiety is conditioned part of fear.43 

Therefore, anxiety is a conditioned response to repetitive exposure to unconditioned 

stimuli in the form of fear. In this light, Freud described that the repression of instinctual 

impulses served as the unconditioned stimuli leading to the manifestation of anxiety, or 

the conditioned response.42 

 With this explanation came two central truths regarding anxiety. The first truth 

stated that anxiety is a instinctual response to a perceived external threat (i.e. the 

unconditioned stimulus).42 He supported this truth by using the example of an infant’s 
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experience of separation anxiety from his/her mother. The second truth was that anxiety 

leads to repression of behavior, going against what he originally believed.42 Since anxiety 

is a direct result of an external threat, this will activate escape behavior in order to relieve 

the internal excitation of anxiety. In return, the person will alter their behavior, usually in 

the form of repression, in order to reduce anxiety.43 Additionally, he described that 

anxiety can stem past just simple unpleasurable experiences, and begins to hint at the fact 

that anxiety is multifaceted affecting different parts of the body.42 This school of thought 

has led to the examination the effects (both positive and negative) of anxiety on a 

multitude of biological processes, including diseases, other mental disorders, and even 

bodily injury. All in all, the two central truths proposed by Freud, along with the 

speculation of a multifaceted phenomenon have been used in part to formulate not only 

the current definition of anxiety, but also all proceeding theories.    

 

C.2 Defining Anxiety   

  As with many medical disorders, there can be varying levels of specificity, but 

anxiety as a whole is most commonly described as a negative emotional state 

characterized by nervousness, worry, and apprehension associated with activation and 

arousal of the body.2 When discussing anxiety and how it is personally perceived, it is 

pertinent to understand the concept of specific constructs of anxiety and arousal.  

 As aforementioned, anxiety in general is considered a negative emotional state, 

but research has been conducted to further parse out specific domains of anxiety. Anxiety 

has both cognitive (mental) and somatic (physiological) portions that are interdependent 
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of each other. These two domains were originally described by Liebert and Morris4 when 

examining the effects of worry and emotionality on test takers. It was found that anxiety 

can manifest with cognitive symptoms including worry and apprehension, and with 

somatic symptoms such as nausea and ‘butterflies’.4 Both components play a primary 

role in how anxiety will manifest in a person at any given moment, and typically work 

independently of each other.44  Cognitive and somatic anxiety describe the 

symptomology of anxiety, but there is also a factorial component essential to 

understanding anxiety on a personal level. 

 Anxiety is variable to every person in both manifestation and severity. These 

subtle differences can be easily observed in people and are often associated with 

personality. Cattell and Scheier5 were the first to examine specific anxiety variables in 

order to fully understand how anxiety factors into the personality of an individual. They 

examined 814 separate anxiety variables and by utilizing factor analyses parsed out two 

distinct anxiety factors: state and trait anxiety. These analyses isolated and loaded 

specific variables in which the authors interpreted the outcomes as the presence of two 

different and distinct factors that as whole make up anxiety. One factor is a product of 

situation (state) and the other is concerned with personality (trait).5  

 State anxiety is formally defined as an “emotional state characterized by 

subjective, consciously perceived feelings of apprehension and tension, accompanied by 

or associated with activation or arousal of the autonomic nervous system”.6 State anxiety 

defines the concept of the ever-changing mood state of an individual, and is transitionary 

in nature.5,6 In the discovery of state anxiety, Cattell and Scheier saw that the factor 
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followed a distinct pattern of variables that co-varied over occasions and measures.5 In 

return, this defined a distinct transitionary phase in which a person would fluctuate from 

variable to variable over the course of time. Specifically, physiological variables were 

often loaded during these times of fluctuation including, respiration rate and systolic 

blood pressure.5 State anxiety is the cause of changing levels of both cognitive and 

somatic symptoms during certain situations. During these transitionary phases, cognitive 

state anxiety is the amount of adverse or negative thoughts experienced, and somatic state 

anxiety is perceived (not actual) changes physiological activation.2  

Athletes participating in a sporting event are often used to describe the effects of 

state anxiety. An athlete may be experience heightened anxiety (both cognitive and 

somatic) at the start of competition, but decreases as the game progresses. For example, 

this level may remain consistent until a drastic increase when that athlete is called upon 

to make a game-winning shot. During these fluctuations the state anxiety factor is being 

loaded, and the person is perceiving anxiety in correspondence to that load. This 

phenomenon makes state anxiety situational in nature, and is determined by either 

external or internal stimulation.2  

Research has suggested that state anxiety has a component of perceived control 

that can act as regulatory mechanism.45 The perception a person has on access to the 

necessary resources and their ability to control state anxiety plays a key role in how state 

anxiety will effect performance. Both the extent and the control of state anxiety in certain 

situations is influenced by an individual’s personality, specifically the trait anxiety factor.    
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Trait anxiety is a part of personality associated with a behavioral tendency that 

influences behavior. Trait anxiety predisposes an individual to perceive a wide range of 

situations as threating even if it is not physically or emotionally dangerous.6 The resulting 

response to a situation is increased state anxiety usually disproportionate in magnitude to 

the objective danger.6 Therefore, trait anxiety factor is a measure of stable individual 

differences in unitary, relatively permanent characteristics, with certain characterological 

variables (i.e. ego weakness, suspiciousness, and tendency to be embarrassed) that are 

heavily loaded.5  

Trait anxiety factor has three subcomponents (somatic, cognitive, and 

concentration disruption) that interact within personality and will always be present to 

influence a perceived threat. Somatic trait anxiety is the perception of intensity of 

physical symptoms that has been brought upon by a threatening stimulus.46 Cognitive 

trait anxiety is the level of worry or self-doubt someone experiences consistently.46 The 

final component, concentration disruption, refers to the intensity of altered concentration 

while trying to perform a task under a threating situation.46 All three components play a 

crucial role in how someone will interpret a situation as threating, which will determine 

the intensity of behavioral response to said situation.  

 Trait anxiety will heavily determine the effects of any given situation on a 

person’s physical and emotional response. Returning to the athletic scenario, an athlete 

who has high trait anxiety personality may perceive taking the game winning shot a 

monumental threat. Thereby, increasing the state anxiety response, leading to greater 

cognitive/somatic symptoms and decreased performance. People who heavily load the 
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trait anxiety factor can be categorized as highly anxious individuals which can lead to 

performance deficits in life. Both state and trait anxiety have been demonstrated to 

influence the symptomology (cognitive and somatic) of anxiety. Therefore, it is also 

important to understand the physiological mechanism in which the body uses to manifest 

these symptoms.   

Arousal is most often referred to as a blend of physiological and psychological 

activity in a person.2 Furthermore, arousal represents the varying intensity of a person’s 

internal motivation at any particular moment.2 Therefore, arousal falls on a spectrum 

ranging from comatose (not aroused) to frenzied (completely aroused).47 Arousal is 

directly followed by a certain level of activation of the body. This often parallels the level 

of arousal and can include both physical and mental components. It is important to 

distinguish that arousal can be either positive or negative in nature, and a person can be 

aroused by a variety of reasons, including anxiety. It is through this balance of arousal 

and activation that anxiety will influence behavior. Whether a person will be comatose or 

frenzied in a situation is primarily determined by their levels of trait and state anxiety. 

Additionally, each situation will call for a unique spread of symptoms thereby leaving 

how they body will be aroused/activated (cognitively and/or somatically) also 

predetermined by anxiety.    

Anxiety is multidimensional and allows for extensive understanding of how 

people perceive, internalize, and express anxiety brought upon by their environment. 

Every person may perceive the same situation different based on specific components of 

anxiety. The ability to distinguish between them vastly increases the knowledge, which 
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can be ascertained from these scenarios. Moving forward, an examination of the effects 

of anxiety on performance will be conducted to fully understand the mechanisms in 

which this disorder takes effect.   

 

C.3 Stress and Anxiety: A Vicious Cycle 

 Anxiety is a negative emotional response to the external environment, and can be 

invoked by both internal and external stressors. Stress can be clinically defined as a 

significant imbalance between demand (either physical and/or psychological) and 

response capability, under conditions where failure to meet that demand has paramount 

consequences.48 One particular way that stress negatively effects people is by initiating 

an anxiety response, especially in those who are trait anxious.  

A widely accepted model was proposed consisting of four interconnected stages 

outlining the stress process, including what constitutes as stress and the 

physical/psychological response that can arise from it. According to McGrath48 stress, 

consists of four distinct, but related stages: One, environmental demand, Two, perception 

of demand, Three, stress response, and Four, behavioral consequences. Each stage will be 

elaborate on while simultaneously being linked to an area of anxiety previously 

discussed.  

 Stage one concerns itself with the environmental demand placed on the 

individual. The nature of the demand will determine whether the consequential response 

is either physical and/or psychological.48 One way a demand can invoke a physical stress 
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response is if it includes a physical task. Due to the physicality component of the event, it 

can be expected that a physical stress response will follow.48  

 Conversely, a psychological demand will cause a heavier psychological stress 

response. Peer pressure is great example of a psychological demand that will trigger a 

subsequent psychological stress response. It is important to note that a stress process can 

include both physical and psychological components and often do. However, the 

environmental demand(s) will have a large effect on which component is weighted 

higher.48 Stage one directly aligns with Freudian theory of anxiety as the external threat, 

which will cause anxiety and eventually lead to repression of behavior.42 Demand 

determines the type of stress response, the personalized perception of that demand 

determines magnitude.  

 Stage two revolves around the individual’s perception of environmental demand. 

Perception will not alter which type of stress is emulated (physical and/or psychological), 

but rather how much consequence this stress process will have.48 The individual’s 

personality will be a key determinant in how stress demands are evaluated. No one 

situation will be perceived exactly the same by different individuals, and this will cause 

variations in the second stage of the stress process. Relating stage two to anxiety, it is 

clear that trait anxiety factor plays a huge role in how a person will interpret 

environmental demands. Trait anxiety will often lead to a disproportionate perception of 

a threatening situation, and can cause serious ramifications during the stress response.6,48 

A person who is heavily influenced by trait anxiety may perceive rather unimportant 

situations as dangerous, and thus lead to more frequent and heightened stress responses.  
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 Stage three is the manifestation of the stress process on an individual level, 

through an increased state anxiety response.2,48 At this point in the process both symptom 

type(s) and severity have already been determined, leaving the third stage as strictly the 

response presentation. Specifically, what the person is feeling. It is during this stage that 

attention and concentration deficits will arise due to a taxing of resources, which will 

further be discussed.2 Overall, the stress response is synonymous with an anxiety 

response, and is dictated by anxiety based constructs.  

 Finally, the fourth stage is the behavioral response of the person who is under 

stress. Every step leading up to this point has influenced the behavioral response that will 

ensue, and will subsequently play a role in whether the person succeeds or fails in the 

given situation.48 Because of the dependent nature of the stress process, the behavioral 

response can lead to a continuous cycle depending on the outcome. If performance is 

negatively impacted it can lead to task failure and the negative social evaluation will 

become an additional demand, therefore restarting the process. The same scenario may 

also cause similar demands to be perceived as even more threatening, due to the negative 

experience. It is important to note that state anxiety may also increase performance and 

the opposite effect can happen on the stress process.  

 It is clear that stress is a main factor in invoking an anxiety response. The stress 

process is highly connected with anxiety and even dependent on its constructs (i.e. state 

and trait anxiety factors). McGrath’s48 simplistic model demonstrates the implications of 

stress on both the individual and subsequent performance, while simultaneously 

illuminating the fact that the process can compound upon itself. Not only is it essential to 
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understand how stress effects a person, but it is also just as vital to know possible sources 

of stress.  

There are thousands of sources of stress encompassing anything from major life 

events, occupational changes, personal tragedy, and even simple daily inconveniences.49 

With so many sources of stress, specific people may be more highly susceptible to 

frequent episodes of anxiety. This in return may negatively impact life and performance. 

Specifically, anxiety has high incidence in youth and since they are frequently 

undergoing evaluation, whether at school or at home. It is of the upmost importance to 

understand how this disorder effects this population.  

 

C.4 Anxiety in Adolescents  

Anxiety disorders are the most prevalent form of mental illness in USA, with the 

range of disorders effecting 15% of the nation’s adult population.50 This value drastically 

increases when concerned with the nations’ youth population. Youths are highly 

susceptible to anxiety disorders while in both middle school and high school, based on 

the CDC reporting that the median age for onset of anxiety disorders is 11.51 In 2010, it 

was reported that anxiety disorders were the most common mental illness present in US 

adolescents ages 13-18, with an incidence rate of 31.9%.1 The same study also reported 

that the prevalence of an anxiety disorder to present severe impairment and/or distress 

was 8.3%.1 Incidence differences have been found between sexes as well, with females 

have a higher incidence rate for anxiety than males in both the adolescent and adult 
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populations.1,50 With anxiety being the most prevalent mental illness in the country, it is 

to pertinent to understand how this mental illness will affect the developing adolescent.   

It is not uncommon for a child to experience fear and activate the stress process, 

but it has been shown that the over-activation of the stress process can lead to permanent 

consequences, especially in children who are still developing.52 Excessive exposure to 

threatening situations during brain development can cause an alteration in brain 

architecture, specifically concerning the amygdala and the hippocampus.52 Physical, 

emotional, and sexual abuse along with persistent maltreat of one parent by another, and 

a constant threat of violence in the community have all been identified as situations that 

lead to high susceptibility to developing anxiety in maturing children.52 Additionally, 

increased stress during brain growth has been shown to also adversely affect the 

development of the prefrontal cortex, leading to deficiencies in decision making later in 

life.52 Finally, children who are put in these compromising experiences will begin to 

associate fear within the context of the situation. When this occurs children undergo fear 

conditioning, which is heavily linked to developing anxiety based personality factors 

(trait anxiety) and disorders in adulthood.52 It is abundantly clear that frequent exposure 

to stress can lead to altered brain development and even condition anxiety into an 

individual’s personality. This fact is even more concerning considering the human brain 

continues to develop through the age of twelve, with certain areas surpassing that well 

into adulthood. Leaving a potential for these changes in brain architecture to occur in 

adolescence.53,54   
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With avoidance of excessive amount of negative stressors being advantageous in 

the healthy development of the brain, there have been studies conducted to examine 

common causes of anxiety in adolescents. Bernstein et al.55 was one of the first to 

examine how adolescents self-reported their anxiety. Their findings supported the notion 

that adolescent females are more likely to experience trait anxiety than males, along with 

listing the most popular reasons for high anxious episodes.55 Adolescents were more 

likely to experience anxiety if they possessed certain personality characteristics (i.e. 

substance abuse, low motivation, poor grades, etc.) and if they had experience with a 

tragic/stressful event in the last month.55  

The increased level of anxiety in adolescents has been clearly documented.1,55 

When coupled with the realization that frequent exposure to stressors can be linked to 

high development of an anxious personality, derives a need to distinguish differences 

present between adults and adolescents. There has been a clear divide in the way adults 

and adolescents cope with stressful situations that lead to symptoms of anxiety. These 

negative life events can compound which may lead to more negative consequences.  

Adolescents have been shown to utilize common coping strategies less than adults 

following a negative life event, especially when the event brought about symptoms of 

anxiety.56 Positive reappraisal, or the process of creating a positive meaning out of a 

negative experience, was shown to be used the least by adolescents.56 The misuse of this 

coping strategy in adolescents is concerning, especially when considering the cyclic 

nature of the stress process. If adolescents are less likely to follow a negative situation 
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with a positive behavior then the this will load another negative demand on the 

individual, restarting the stress process.48  

Since trait anxiety is most commonly developed during maturation, alongside 

changes in brain architect, speculation can be made that this personality factor may 

present adversity in adolescents when dealing with a secondary disease or injury. It is 

clear that anxiety can have negative effects on multiple areas of an adolescent’s life, 

therefore it is important to understand how this disorder may take effect. Because of this, 

multiple theories have been proposed to further explain how anxiety effects not only 

physical, but mental performance. 

 

C.5 Theoretical Framework of Anxiety and Performance 

Performance is often considered simply as an “execution of an action”.57 This 

broad definition leaves action open for interpretation, which in this case will refer to a 

mental task. For decades, the effects of anxiety and arousal on performance have been 

examined in attempts to explain both the positive and negative relationships that appear. 

It is within these relationships where a multitude of theories have been proposed, each 

one offering a different perspective on anxiety and performance.  

There is no definitive and unifying theory to date, but test anxiety theory brings to 

light the possible effects of anxiety and performance on mental tasks. Test anxiety theory 

was originally proposed to better understand the extent in which anxiety responses were 

evoked during testing situations, and their subsequent affect they had on learning and 

performance.58 Liebert and Morris4 stimulated a heavy amount of research when they 
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argued that test anxiety can be split into two separate components: worry and 

emotionality. Worry deals with the cognitive side of anxiety, while emotionality is 

concerned with the somatic side of anxiety.4 It has been shown that cognitive anxiety 

highly correlates with the expectancy to avoid failure (i.e. test anxiety) and somatic 

anxiety is the degree of activation of the body.2,4 Following these distinctions, many 

studies further determined that performance is more negatively affected by the worry 

(cognitive) component of anxiety rather than the emotionality (somatic) portion.7 

In the case of test anxiety, worry is defined as self-preoccupation, concern over 

evaluation, and concern over level of performance.4,7 Morris, Davis, and Hutchings7 

proposed that the there is an inverse relationship between anxiety and various 

performance variables. This relationship demonstrated that under appropriate conditions, 

it is the worry component of anxiety that is primarily the cause, further supporting a 

cognitive-attentional view on performance decrements.7 By utilizing this view, Sarason9 

further delineated that test anxiety focuses more on the increased incidence of self-

preoccupation, or more specifically worry over evaluation.  

 Through these studies, a cognitive-attentional view has been described as the key 

factor in performance deficits. Worry, accompanied by negative internal thoughts, effects 

performance by causing an interference in attentional capacity.8–10 Wine10 noted that 

highly anxious individuals split their attentional resources between self-relevant variables 

and test-relevant variables, therefore decreasing the capacity in which they could focus 

on the task at hand. The presence of worrisome thoughts can cause a person to devote 
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attentional resources to the resolution of these self-relevant thoughts, leading to a 

reduction in resources devoted to task. As a consequence, performance is impaired.  

 Worry and attentional interference offers two basic predictions. The first 

prediction centers on the fact that worry is the main component responsible for the 

decrement of performance. In theory, trait anxious people will have increased state 

anxiety under test taking conditions. This increase in state anxiety will lead to a greater 

volume of worrisome (negative) thoughts.6,9,10,48 Accordingly, the higher level of trait 

anxiety, the larger the decreases in performance.  

The second prediction states that as task difficulty increases, the greater the 

decreases in performance will be.59 This prediction hinges on the fact that the increase in 

difficulty requires a greater use of attentional resources. Humphreys and Revelle60 

explored this route in their own framework which set out to explain the interaction 

between arousal, anxiety, and avoidance motivation. Similarly, they found that high 

amounts of anxiety will increase avoidance and decrease the amount of attentional 

resources devoted to on-task stimuli.60 Although, they distinguished two main tasks in 

which attentional interference has the greatest effect, sustained information transfer (SIT) 

and short-term memory (STM).  

 SIT tasks were defined as tasks where the subject had to process a stimulus, 

associate an arbitrary response to the stimuli, and execute the response. In contrast, STM 

tasks were defined as tasks that required subjects to maintain information in an available 

state or retrieve information that has not been attended in short time.60 Through this 

distinction, they found that worry not only interferes with attention, but effort as well. 
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Decrements in effort played a bigger role in reducing SIT task performance, but STM 

tasks were heavily influences by attentional interference.60 The authors found that as a 

task required higher usage of STM, the greater adverse effect anxiety had on performance 

of said task.60 These findings aid in demonstrating that increased task difficulty requires 

greater use of attentional resources which may be unavailable when anxiety is present.  

Criticism has been addressed with the worry and attentional control interference. 

Arguments have been made that test anxiety is not always related directly to 

performance. Calvo et al.61 compared a high anxiety and low anxiety group on tasks 

using a transfer paradigm and found no significant effect between state/trait anxiety and 

performance. Although this study was primarily focused on learning and the insignificant 

differences were found there. Even so, they state that attentional interference still has 

some effect on external performance.61 A second major criticism is that attentional 

interference does not truly define task difficulty, but through the use of Humphreys’ and 

Revelle’s60 delineations the second prediction is reinforced. Test Anxiety Theory deals 

primarily with the deficits observed on performance when dealing with anxiety, but 

positive effects have also been observed.13 With anxiety (state and trait) clearly defined 

and examined, it is important to discuss the way in which it is measured in research.  

 

C.6 Clinical Measures of Anxiety 

 Anxiety can be measured in the clinical setting in a variety of different ways. 

Anxiety inventories are a quick, valid, and cost efficient way to measure a various aspects 

of anxiety. Dozens have been developed and validated in the literature, but not all are 
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applicable to every situation. Certain inventories specialize in one aspect of anxiety while 

others can be broader, and it is dependent on the researcher to distinguish which 

inventory will allow for the most appropriate measurement. Two inventories that are 

often used in similar research areas are the Beck Anxiety Inventory and the State Trait 

Anxiety Inventory.  

 The Beck Anxiety Inventory (BAI) is a brief twenty-one item measure that 

focuses primarily on the somatic symptoms of anxiety.62 The BAI was developed in 

response to the need of an inventory that was adept in discriminating between anxiety and 

depression in the psychiatric population. Each question focuses around a subset of 

somatic symptoms (nervousness, dizziness, and the inability to relax, etc.) and how often 

each one has been bothersome over the previous week.33 The inventory is constructed as 

a self-reported 4-point Likert scale ranging from 0 (not at all) to 3 (severely).62 Scoring 

consists of simply summing the total of each question, leaving a total score range of 0-

63.33,62 Furthermore, specific ranges have been recommended to utilize for interpretation: 

0-9, normal or no anxiety; 10-18, mild to moderate anxiety; 19-29, moderate to severe 

anxiety; and 30-63, severe anxiety.33,62  

 The BAI has been psychometrically established in a variety of clinical settings. 

Construct validity has shown good convergent of the BAI when compared to other 

measures of anxiety such as the Hamilton Anxiety Rating Scale (r=0.51) and the State 

Trait Anxiety Inventory (r=0.47-0.58).33,63 The BAI correlates less with depression scales 

than other competitors (i.e. State Trait Anxiety Inventory), but these correlations are still 

substantial (i.e. r=0.61 with the Beck Depression Inventory).33,64 Reliability has also been 
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established for the BAI including robust internal consistency (Cronbach’s alphas: 0.90-

0.94) for the psychiatric, college, and community-dwelling adult populations.33,65–67 

Additionally, test-retest reliability has been moderately established for a 1-week interval 

(0.62) and a 7-week interval (0.93).33 The BAI is popular in the adult population and 

offers a good measurement of somatic anxiety, but more in-depth inventories exist.      

The State-Trait Anxiety Inventory (STAI) is widely popular measure of both state 

and trait anxiety levels. It was originally developed by Spielberger et al.32 in regards to 

the distinctions made by Cattell and Scheier5 between state and trait anxiety. The goal 

was to create an inventory that could accurately measure both components of anxiety 

affect. The STAI consists of forty questions, half of them pertain to state (S-Anxiety) and 

the other half trait (T-Anxiety). 32 The S-Anxiety scale is constructed in a 4-point Likert 

scale with 1 referencing ‘not at all’ and 4 referencing ‘very much so’. The T-Anxiety 

scale is constructed in a similar fashion with 1 referencing ‘almost never’ and 4 

referencing ‘almost always’. It is important to note that the rationale for the difference in 

labeling of the Likert scale is to specify each scale to either their emotional state (state 

anxiety) or their constant personality (trait anxiety).   

 Scoring for each subscale can range from 20-80 with higher values correlating 

with greater anxiety. 32,33 Based on normative data, a cut off of 39 (S-Anxiety) and 36 (T-

Anxiety) has been suggested when making clinical interpretations of high anxiety.33,34 

Psychometric properties of the STAI have been established including reliability and 

validity. Specifically, the test-retest reliability coefficient ranged 0.31-0.86 over an 

intervals ranging from 1 hour to 104 days.32,33 Since S-Anxiety measures state anxiety 
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which is a transitory factor its test-retest coefficients were lower. Additionally, internal 

consistency was high in both adults and adolescents (a=0.95 and a=0.86, 

respectively).32,33 To obtain construct validity for the STAI, 10,000 adults and 

adolescents were tested and corresponding correlations were made between the STAI, the 

Taylor Manifest Anxiety Scale68 and the IPAT Anxiety Scale69 which were both popular 

anxiety scales developed prior to the STAI. Overall correlations between the STAI and 

the two criterion scales were 0.73 and 0.85 respectively.33 The T-Anxiety scale has been 

shown to have some difficulty distinguishing between trait and anxiety and depression, 

but this was mostly found in geriatric populations.70 Overall, the STAI is highly utilized, 

valid, and reliable measure of both state and trait anxiety.  

 Two possibilities for clinically measuring anxiety (BAI and STAI) have been 

reviewed and validated in the literature. As aforementioned, it is pertinent that the 

researcher deems which inventory is the most appropriate for their research. For the 

present study the STAI has been deemed the most appropriate, and valid measure for 

anxiety. This assessment was based off the STAI giving a more robust look into anxiety 

by dividing classifications between state and trait anxiety.32 In addition, concerns with the 

validity of the BAI in the adolescent populations exist. Due to the emphasis on somatic 

symptoms alone the BAI does not perform as effective in the younger, healthy 

populations.33,64 Specifically, discriminant validity is diminished when utilizing it in the 

desired population.64 The STAI has been shown to maintain its psychometric properties 

when examining the adolescent population, and has been utilized in this setting in 

previous literature.32,71,72  
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 Anxiety has been previously discussed to have a detrimental effect on both health 

and performance. Both state and trait anxiety have been looked at in regards to how they 

specifically effect certain situations, exams, and diseases. One area where anxiety can 

possible be adverse, but has not been fully demonstrated is concussion. In the following 

section concussion will be briefly defined and the areas where anxiety may cause 

deficiency will be laid out.  

 

C.7 Concussion Definition, Epidemiology, and Implications 

 Concussion is a complex injury, with active debates still raging on the technical 

definition. There are still multiple definitions in use today by various healthcare 

professionals, but the most widely accepted definition is a complex pathophysiological 

process affecting the brain, induced by biomechanical forces.16 Not included in this 

definition is a widely accepted construct stating that concussions are accompanied by a 

period altered mental status.15 A more consistent definition has increased the ability to 

obtain more accurate epidemiological data.  

 Concussions happen frequently in the both the athletic and the general population. 

There is an estimated range of 1.6-3.8 million sport-related concussions (SRC) annually 

in the United States alone.73 This number differs from another widely accepted estimate 

of 300,000 concussions annually, which only examined the number of concussion 

evaluated in an emergency room.74 Football has been identified as the highest incidence 

of rate of concussion in both collegiate and high school (4.4% and 5.6% respectively).75 

This rate increases further in the high school population (15.3%) when adjusted for 
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underreporting.14 Approximately 1.4 million concussions occur in the general public 

annually, mostly resulting from motor vehicle accidents and falls.73 These rates have lead 

concussion to be considered an epidemic by some and sequentially thrown into the 

forefront of research. This research is starting to include the interaction between 

concussion and other pathologies. 

 Anxiety and concussion both have complex roots in neurobiology, and a 

disruption by one may have an effect on the other. During a concussive injury the brain 

undergoes a neurometabolic cascade due to axonal disruption and stretching after a 

traumatic blow. The main detriment presented from the neurometabolic cascade is a 

system-wide energy crisis.76 Anxiety is processed in the brain through extensive neuronal 

connections between the amygdala and the cortical exteroceptive systems.77 The effect of 

the neurometabolic cascade of concussion on the systematic pathways of anxiety has not 

been exclusively examined, but due to the hypersensitivity of the brain following 

concussion, it can be postulated that the normal heightened activation of anxiety 

pathways in an anxious individual may lead to further energy consequences. The 

developmental variability of the brain between individuals has been demonstrated in 

regards to anxiety, but it is prudent to understand how age may affect concussion as well. 

 Concussion in the adolescent setting has been debated heavily over the previous 

decades. Previous literature thought that younger brains had increased neural plasticity, 

therefore the outstanding effects of the neurometabolic cascade would dissipate quicker.78 

This notion is combated on multiple levels with the literature demonstrating longer 

concussion recovery trajectories in adolescents, along with increases anatomical and 
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cognitive plasticity disparities found later in life in individuals that experienced 

adolescent concussion.79,80 The plasticity of the brain is only one area where age can play 

a mitigating factor. With concussion being a multifaceted injury it requires a multifaceted 

approach to management. The measurement of cognitive ability has become an important 

facet in the approach to managing concussion.   

 

C.8 Neuropsychological Testing in Concussion 

 Neuropsychological tests are specially designed cognitive tests that have been 

linked to specific neurological pathways which code for specific cognitive functions.19 In 

concussion assessment neuropsychological tests are used to monitor cognitive 

functioning, and only started to be utilized in the past few decades.16,81 It is standard 

practice for a neuropsychological test to be compared to a reference in order to detect 

cognitive deficits. It has been highly suggested to compare post-injury scores to a 

baseline assessment in order to facilitate the most sensitive comparison.16,17 There have 

been advances on which neuropsychological tests are administered in concussion 

protocols.  

 Neuropsychological testing has been developed throughout the years, and through 

the grouping of specific tests into batteries have become more robust and efficient. This 

continual advancement has brought cognitive concussion assessment to be computerized, 

with a popular battery being the Immediate Post-Concussion Assessment and Cognitive 

Test (ImPACT). A more thorough description of the battery will be provided, but in 

essence this battery involves six modules derived from traditional neuropsychological 
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tests that when factored together measures certain aspects of cognition. With apparent 

developmental differences established between age groups, it comes as no surprise that 

the ImPACT mirrors these same distinctions. When comparing across high school and 

collegiate athlete’s significant differences have been found in cognitive processing speed, 

and reaction time.79,82 Specifically collegiate athletes demonstrate consistently higher 

processing speed composite scores79,82 and faster reaction times.79 These deficits often 

seen in adolescents when compared to adults plays a significant role in how clinicians 

manage concussions in the younger populations. The ImPACT is a complex 

neuropsychological battery and consists of many different parts, working together to give 

the clinician an accurate snapshot of an athlete’s cognitive capacity.  

 

C.9 Immediate Post-Concussion Assessment and Cognitive Test 

 Originally neuropsychological tests were pencil-and-paper administered and 

tested a variety of functions, including executive function, reaction time, and processing 

speed.83 Due to the time consuming nature and the need for a clinical neuropsychologist 

to administer these tests, the field has progressed to computerized neuropsychological 

battery’s. Battery assessments combine commonly used traditional neuropsychological 

tests to create composite scores that are more easily interpreted by the standard clinician. 

Currently, the ImPACT (ImPACT Applications Inc. San Diego, CA) is a widely popular 

computerized neuropsychological battery that is heavily utilized in both the collegiate 

and high school settings.17 It has been shown that 90% of all high school athletic trainers 

utilizing a computerized neuropsychological battery administer the ImPACT.25 
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The ImPACT consists of six distinct modules, each one measuring different aspects 

neurocognitive functioning (Table 1).30 An algorithm utilizes a specific combination of 

these modules to yield five quantitative composite scores: Verbal Memory, Visual 

Memory, Processing Speed, Composite Reaction Time, and Composite Impulse Control. 

An aggregate score for concussion symptoms is also calculated. Each of these composite 

scores can be used by the clinician to assess cognitive function in an athlete, both pre and 

post injury.  

In order to effectively detect changes is cognition, reliable change confidence 

intervals were calculated for each composite scores.27 Theses indices were calculated 

using non-concussed adolescents and young adults in order to make them generalizable to 

the population most likely to utilize the ImPACT. The values reported were found at an 

80% confidence interval. 27 

• Verbal Memory: Deficit (10 points), Improvement (10 points) 

• Visual Memory: Deficit (14 points), Improvement (14 points) 

• Processing Speed: Deficit (3 points), Improvement (7 points) 

• Reaction Time: Deficit (0.07 seconds), Improvement (0.07 seconds) 

• Total Symptom Score:  Deficit (10 points), Improvement (10 points)  

 

Several psychometric properties for the ImPACT have been established. The 

ImPACT has been shown to be a valid measure of neurocognitive function and accurate 

in detecting deficits, (sensitivity 81.9%, and specificity 89.4%84) especially when 

compared to a baseline.85 The ability of the ImPACT to pick up on cognitive deficits has 

been shown to be sensitive enough even when athletes are asymptomatic.86 In addition, 

the ImPACT has been shown to be able to detect cognitive deficits in undiagnosed 
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concussions up to 48 hours post-injury in high school athletes.87 ImPACT has also the 

ability to be administered in a group setting without loss of validity.31 These findings not 

only supports the use of the ImPACT as a concussion management tool, but 

neuropsychological testing as a whole. Even with solid psychometric properties there 

may still be differences present when comparing different demographics.   

Differences have been established for both baseline testing and post-injury testing 

between sex, age, and athletic status.22,82,88 Specifically, females have consistently score 

higher on Verbal Memory Composite and lower on Visual Memory Composite than 

males.88 Colligate athletes consistently scored higher on cognitive processing speed than 

adolescents. 82 High school athletes have faster reaction times and reported less 

symptoms than their non-athlete peers.22 Age, sex, and athletic status are a few examples 

of possible causes of variance when interpreting the ImPACT and should be considered 

when making clinical decisions. Overall, neuropsychological batteries, such as the 

ImPACT, involves the use of testing to determine the state of neurocognitive functioning 

both before injury (baseline) and post-concussion in the standard concussion protocol.  

 

C.10 Anxiety and the Concussion Protocol 

  The complexity of concussion has warrant a multitude of research in a variety of 

domains, including psychology. Depression has been the first step into the psychological 

field for concussion research. Many studies have been published observing the interaction 

of depression both pre and post-injury. At baseline, both high school and collegiate 

athletes who present with severe depression have significantly higher symptom scores 
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and lower verbal memory scores on the ImPACT.23 Depression also has a significant 

interaction with concussion management post-injury in the high school population. These 

athletes have been shown to have increased symptomology (especially depression-based 

symptoms), along with increased reaction times, and lower visual memory capacity.21 

These findings have further pushed the concussion literature into exploring the effects of 

other aspects of mental illness.   

The next logical progression from depression is to examine anxiety and how it 

effects the concussion management process. Although, research in this subset of the 

concussion field is sparse with most studies focusing on post-injury. There are increased 

state and trait anxiety presentations in concussed athletes following injury, leading to a 

disproportionate representation of post-concussive symptoms.89 Additionally, athletes 

experiencing anxiety at the time of baseline testing have been shown to endorse anxiety 

symptoms post-injury.90 These preliminary post-concussion findings may suggest that 

some post-concussion symptoms may stem from this temporary heighted state of anxiety 

and not the altered pathophysiological state of the brain. This misinterpretation may play 

a role in why youth athletes who experience pre-injury anxiety can take double the 

amount of time to asymptomatic and return-to-play (149 days vs. 64 days, 168 days vs. 

64days, respectively).91 Protracted recovery may also have a compounding affect when 

considering that concussed athletes rely heavily on social supports such as their friends, 

coaches, and teammates to handle the increases in anxiety and the current management of 

concussion can lead to temporary isolation.89 There have been very few studies that 

specifically look at anxiety at baseline neuropsychological assessment, and less 
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examining the adolescent population. The preliminary findings at baseline did 

demonstrate an increase in both simple and complex reaction time in collegiate athletes.24 

Although, that study did not look at anxiety in much detail, and did not utilize a 

commonly used neuropsychological battery.24 

As shown, anxiety is starting to be understood as a possible comorbidity of 

concussion with research starting to appear focusing on specific populations and facets of 

the diagnosis and management process. Research establishing the effect of anxiety and 

baseline neuropsychological testing needs to be enhanced, due to the crucial role baseline 

testing plays in the concussion protocol. In addition, there are millions of adolescent 

athletes that undergo baseline neuropsychological testing (ImPACT) for the concussion 

protocol. The inherent possibility that anxiety may alter baseline testing on a significant 

proportion of the adolescent athlete population calls for immediate investigation.  
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APPPENDIX D 

MEASURES 

 

D.1 Immediate Post-Concussion Assessment and Cognitive Test  

ImPACT is a computerized neuropsychological battery designed to measure 

cognitive ability in athletes suspected of concussion. The program contains three 

sections: 1) demographics and background information, 2) symptoms, and 3) 

neuropsychological testing. Cognitive functioning is measured in the third section and 

contains six distinct modules. These modules were derived from traditional 

neuropsychological tests and measure multiple domains of cognition including: Attention 

span, Working memory, Reaction time, Verbal and Visual Memory, Response variability, 

and Non-verbal Problem Solving. An algorithm then takes the scores of each individual 

module and computes five quantitative composite scores:  Verbal Memory, Visual 

Memory, Visual-Motor Speed, Reaction Time, Impulse Control. In addition, a total 

symptom score is calculated using the results of the symptom scale in section two. Once 

completed a performance report is generated automatically and stored on the ImPACT 

website where verified healthcare professionals can access and review. An unidentified 

example of a performance report is provided below. 
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D.2 State Trait Anxiety Inventory (Form Y-1, Form Y-2, and Scoring Sheet) 

 

 The State Trait Anxiety Inventory is a self-reported inventory that accurately 

evaluates the levels of state and trait anxiety of an individual. The inventory is split up 

into two scales, the S-Anxiety Scale measures the individual’s level of state anxiety, and 

the T-Anxiety Scale measures the individual’s level of trait anxiety. Each scale includes 

20 items, all rated on a 4-point Likert scale, with 1 being low and 4 being high. This 

creates a score range from 20-80. Due to the differences between state and trait anxiety, 

the wording of the items in their corresponding scale is written to address the unique 

aspects (S-Anxiety: feel right now, at this moment; T-Anxiety: Feel generally). Since the 

STAI is copyrighted Figures 3 and 4 provide example items for both the S-Anxiety Scale 

and the T-Anxiety Scale.   
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Figure 3: The S-Anxiety Scale (Example Questions)  

1 = NOT AT ALL 2 = SOMEWHAT 3 = MODERATELY SO 4 = VERY MUCH SO 

A. I feel at ease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 3 4 

B. I feel upset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 3 4 

C. I feel calm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 3 4 

D. I feel frightened . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 3 4 

E. I feel jittery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1 2 3 4 

Note: Consists of twenty statements that evaluate how respondents feel “right now, at this 

moment” 
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Figure 4: The T-Anxiety Scale (Example Questions)  

1 = ALMOST NEVER 2 = SOMETIMES 3 = OFTEN 4 = ALMOST ALWAYS 

A. I am a steady person . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 3 4 

B. I lack self-confidence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 3 4 

C. I feel satisfied with myself. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1 2 3 4 

D. I am happy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 3 4 

E. I make decisions easily . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 3 4 

The T-Anxiety scale consists of twenty statements that evaluate how respondents feel “generally” 
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APPENDIX E 

INSTITUTIONAL REVIEW BOARD APPLICATION 

E.1 IRB Study Approval Letter   



76 

 

 

 

 

APPENDIX F 

REFERENCES 

1.  Merikangas KR, He J, Burstein M, et al. Lifetime Prevalence of Mental Disorders 

in U.S. Adolescents: Results from the National Comorbidity Survey Replication–

Adolescent Supplement (NCS-A). J Am Acad Child Adolesc Psychiatry. 

2010;49(10):980-989. doi:10.1016/j.jaac.2010.05.017 

2.  Weinberg RS, Gould D. Arousal, Stress, and Anxiety. In: Foundations of Sport 

and Exercise Psychology. 6th ed. Human Kinetics; 2015:75-100. 

3.  Freud S. The Problem of Anxiety. Read Books Ltd; 2013. 

4.  Liebert RM, Morris LW. Cognitive and Emotional Components of Test Anxiety: 

A Distinction and Some Initial Data. Psychol Rep. 1967;20(3):975-978. 

doi:10.2466/pr0.1967.20.3.975 

5.  Cattell RB, Scheier IH. The Nature of Anxiety: A review of Thirteen Multivariate 

Analyses Comprisign 814 Variables. Psychol Rep. 1958;4:351-388. 

6.  Spielberger CD. Anxiety and Behavior. In: Anxiety and Behavior. Academic 

Press; 1966:3-22. 

7.  Morris LW, Davis MA, Hutchings CH. Cognitive and emotional components of 

anxiety: Literature review and a revised worry–emotionality scale. J Educ Psychol. 

1981;73(4):541-555. doi:10.1037/0022-0663.73.4.541 

8.  Sarason IG. Anxiety, self-preoccupation and attention. Anxiety Res. 1988;1(1):3-

7. doi:10.1080/10615808808248215 



77 

 

 

 

9.  Sarason IG. Stress, anxiety, and cognitive interference: Reactions to tests. J Pers 

Soc Psychol. 1984;46(4):929-938. doi:10.1037/0022-3514.46.4.929 

10.  Wine J. Test anxiety and direction of attention. Psychol Bull. 1971;76(2):92-104. 

doi:10.1037/h0031332 

11.  Pashler H. Dual-task interference in simple tasks: data and theory. Psychol Bull. 

1994;116(2):220-244. 

12.  Williams J, Watts F, MacLeod C, Mathews A. Cognitive Psychology and 

Emotional Disorders. First. Chichester, England: Wiley; 1988. 

13.  Hanin Y. Emotions in Sport: Issues and Perspectives. In: Tenenbaum G, Eklund 

R, eds. Handboo of Sport Pyschology. 3rd ed. Hoboken, NJ: John Wiley & Sons; 

2007:31-58. 

14.  McCrea M, Hammeke T, Olsen G, Leo P, Guskiewicz K. Unreported concussion 

in high school football players: implications for prevention. Clin J Sport Med. 

2004;14(1):13-17. 

15.  Broglio SP, Cantu RC, Gioia GA, et al. National Athletic Trainers’ Association 

Position Statement: Management of Sport Concussion. J Athl Train Allen Press. 

2014;49(2):245-265. 

16.  McCrory P, Meeuwisse WH, Aubry M, et al. Consensus Statement on Concussion 

in Sport: The 4th International Conference on Concussion in Sport, Zurich, November 

2012. J Athl Train Allen Press. 2013;48(4):554-575. 



78 

 

 

 

17.  Covassin T, Elbin III RJ, StiIIer-Ostrowski JL, Kontos AP. Immediate Post-

Concussion Assessment and Cognitive Testing (ImPACT) Practices of Sports Medicine 

Professionals. J Athl Train Natl Athl Train Assoc. 2009;44(6):639-644. 

18.  Notebaert AJ, Guskiewicz KM. Current trends in athletic training practice for 

concussion assessment and management. J Athl Train. 2005;40(4):320-325. 

19.  Seidman LJ. Neuropsychological testing. Harv Ment Health Lett. 1998;14(11):4-

6. 

20.  Hunt TN, Ferrara MS. Age-Related Differences in Neuropsychological Testing 

Among High School Athletes. J Athl Train Natl Athl Train Assoc. 2009;44(4):405-409. 

21.  Kontos AP, Covassin T, Elbin RJ, Parker TM. Depression and neurocognitive 

performance after concussion among male and female high school and collegiate athletes. 

Arch Phys Med Rehabil. 2012;93(10):1751-1756. 

22.  Tomczyk CP, Mormile M, Wittenberg M, Langdon J, Hunt T. An Examination of 

Adolescent Athletes and Non-Athletes on Baseline Neuropsychological Test Scores. J 

Athl Train. 2017;in press. 

23.  Covassin T, Elbin RJ, Larson E, Kontos AP. Sex and Age Differences in 

Depression and Baseline Sport-Related Concussion Neurocognitive Performance and 

Symptoms. Clin J Sport Med. 2012;22(2):98-104. 

24.  Bailey CM, Samples HL, Broshek DK, Freeman JR, Barth JT. The Relationship 

Between Psychological Distress and Baseline Sports-Related Concussion Testing: Clin J 

Sport Med. 2010;20(4):272-277. doi:10.1097/JSM.0b013e3181e8f8d8 



79 

 

 

 

25.  Lynall RC, Laudner KG, Mihalik JP, Stanek JM. Concussion-Assessment and -

Management Techniques Used by Athletic Trainers. J Athl Train. 2013;48(6):844-850. 

doi:10.4085/1062-6050-48.6.04 

26.  Lovell M r. ImPACT Version 2.0 Clinical USER’s MANUAL. 2004. 

27.  Iverson GL, Lovell MR, Collins MW. Interpreting Change on ImPACT 

Following Sport Concussion. Clin Neuropsychol. 2003;17(4):460-467. 

doi:10.1076/clin.17.4.460.27934 

28.  Schatz P, Glatts C. “Sandbagging” Baseline Test Performance on ImPACT, 

Without Detection, Is More Difficult than It Appears. Arch Clin Neuropsychol. 

2013;28(3):236-244. doi:10.1093/arclin/act009 

29.  Schatz P, Sandel N. Sensitivity and Specificity of the Online Version of ImPACT 

in High School and Collegiate Athletes. Am J Sports Med. 2013;41(2):321-326. 

doi:10.1177/0363546512466038 

30.  Lovell MR. Immediate post-concussion assessment testing (ImPACT) test: 

clinical interpretive manual online ImPACT 2007–2012. 2013. 

31.  Vaughan CG, Gerst EH, Sady MD, Newman JB, Gioia GA. The Relation 

Between Testing Environment and Baseline Performance in Child and Adolescent 

Concussion Assessment. Am J Sports Med. 2014;42(7):1716-1723. 

32.  Spielberger CD, Gorsuch R, Lushene R, Vagg P, Jacobs G. Manual for the State-

Trait Anxiet Inventory. Palo Alto, CA: Consulting Psychologists Press; 1983. 



80 

 

 

 

33.  Julian LJ. Measures of anxiety: State-Trait Anxiety Inventory (STAI), Beck 

Anxiety Inventory (BAI), and Hospital Anxiety and Depression Scale-Anxiety (HADS-

A). Arthritis Care Res. 2011;63(S11):S467-S472. doi:10.1002/acr.20561 

34.  Knight R, Waal-Manning H, Spears G. Some norms and reliability data for the 

State-Trait Anxiety Inventory and the Zung Self-Rating Depression scale. Br J Clin 

Psychol. 1983;22:245-249. 

35.  Pacheco-Unguetti AP, Acosta A, Callejas A, Lupianez J. Attention and anxiety: 

different attentional functioning under state and trait anxiety. Psychol Sci. 

2010;21(2):298-304. 

36.  Williams JM, Andersen MB. Psychosocial Influences on Central and Periphereal 

Vision and Reaction Time During Demanding Tasks. Behav Med. 1997;22(4):160-167. 

37.  Williams AM, Vickers J, Rodrigues S. The effects of anxiety on visual search, 

movement kinematics, and performance in table tennos: a test of Eysenck and Calvo’s 

Processing Efficiency Theory. J Sport Exerc Psychol. 2002;24:438-455. 

38.  Mormile M, Jody L, Hunt TN. The role of gender in neuropsychological 

assessment in healthy adolescents. J Sport Rehabil. 2018;27(1):16-21. 

39.  Report to Congress on Mild Traumatic Brain Injury in the United States: Steps to 

Prevent a Serious Public Health Problem. 2003. 

40.  Ciucurel MM. The relation between anxiety, reaction time and performance 

before and after sport competitions. Soc Behav Sci. 2012;33:885-889. 

41.  Eysenck MW, Payne S, Derakshan N. Trait anxiety, visuospatial processing, and 

working memory. Cogn Emot. 2005;19(8):1214-1228. 



81 

 

 

 

42.  Freud S. Anxiety and instinctual life. New introductory lectures on 

psychoanalysis. Lecture presented at the: 1933. 

43.  Klein DF. Historical aspects of anxiety. Dialogues Clin Neurosci. 2002;4(3):295-

304. 

44.  Schwartz GE, Davidson RJ, Goleman DJ. Patterning of Cognitive and Somatic 

Processes in the Self-Regulation of Anxiety: Effects of Meditation versus Exercise. 

Psychosom Med. 1978;40(4):321-328. 

45.  Cheng W-NK, Hardy L, Markland D. Toward a three-dimensional 

conceptualization of performance anxiety: Rationale and initial measurement 

development. Psychol Sport Exerc. 2009;10(2):271-278. 

doi:10.1016/j.psychsport.2008.08.001 

46.  Smith RE, Smoll FL, Cumming SP, Grossbard JR. Measurement of 

Multidimensional Sport Performance Anxiety in Children and Adults: The Sport Anxiety 

Scale-2. J Sport Exerc Psychol. 2006;28(4):479-501. doi:10.1123/jsep.28.4.479 

47.  Gould D, Udry E. Psychological skills for enhancing performance: Arousal 

regulation strategies. Med Sci Sports Exerc. 1994;26(4):478-485. doi:10.1249/00005768-

199404000-00013 

48.  McGrath J. Social and psychological factors in stress. In: McGrath J, ed. Major 

Methodological Issues. New York City, NY: New York: Holt, Reinhart & Winston; 

1970:19-49. 

49.  Berger B, Pargman D, Weinberg RS. Foundations of Exercise Psychology. 2nd 

ed. Morgantown, WV: Fitness Information Institute Technology; 2007. 



82 

 

 

 

50.  Kessler RC, Aguilar-Gaxiola S, Alonso J, et al. The global burden of mental 

disorders: An update from the WHO World Mental Health (WMH) Surveys<a 

href=“#fn01”><span class=“sup”>*</span></a>. Epidemiol Psychiatr Sci. 

2009;18(1):23-33. doi:10.1017/S1121189X00001421 

51.  Friedman RA. Uncovering an Epidemic — Screening for Mental Illness in Teens. 

N Engl J Med. 2006;355(26):2717-2719. doi:10.1056/NEJMp068262 

52.  Bales SN, Fisher PA, Greenough W, Knudsen E, Phillips D, Rolnick AJ. 

Persistent fear and anxiety can affect young children’s learning and develoment: working 

paper No. 9. Natl Sci Counc Dev Child. 2010:1-13. 

53.  Obrzut J, Hynd G. Child Neuropsychology. Orlando, FL: Academic Press; 1986. 

54.  Benes F. The development of prefrontal cortex: the maturation of 

neurotransmitter systems and their interactions. In: Nelson C, Luciana M, eds. Handbook 

of Developmental Cognitive Neuroscience. Cambridge, MA: MIT Press; 2001:79-82. 

55.  Bernstein GA, Garfinkel BD, Hoberman HM. Self-Reported Anxiety in 

Adolescents. Am J Psychiatry Wash. 1989;146(3):384-386. 

56.  GARNEFSKI N, LEGERSTEE J, KRAAIJ V, VAN DEN KOMMER T, 

TEERDS J. Cognitive coping strategies and symptoms of depression and anxiety: a 

comparison between adolescents and adults. J Adolesc. 2002;25(6):603-611. 

doi:10.1006/jado.2002.0507 

57.  Performance. In: Merriam-Webster Colegiate Dictionary. 10th ed. Springfield, 

MA: Merriam-Webster Inc.; 1997. 



83 

 

 

 

58.  Mandler G, Sarason IG. A Study of Anxiety and Learning. J Abnorm Soc 

Psychol. 1952;47:166-173. 

59.  Eysenck MW, Calvo MG. Anxiety and Performance: The Processing Efficiency 

Theory. Cogn Emot. 1992;6(6):409-434. doi:10.1080/02699939208409696 

60.  Humphreys MS, Revelle W. Personality, Motivation, and Performance: A Theory 

of the Relationship Between Individual Differences and Information Processing. Psychol 

Rev. 1984;91(2):153-184. 

61.  Calvo MG, Alamo L, Ramos PM. Test anxiety, motor performance and learning: 

Attentional and somatic interference. Personal Individ Differ. 1990;11(1):29-38. 

doi:10.1016/0191-8869(90)90165-N 

62.  Beck A, Epstein N, Brown G, Steer R. An inventory for measuring clinical 

anxiety: psychometric properties. J Consult Clin Psychol. 1988;56:893-897. 

63.  Beck A, Steer R. Relationship between the Beck Anxiety Inventory and the 

Hamilton Anxiety Rating Scale with anxious outpatients. J Anx Disord. 1999;5:19-29. 

64.  Morin C, Landreville P, Colecchi C, McDonald K, Stone J, Ling W. The Beck 

Anxiety Inventory: psychometric properties with older adults. J Clin Geropsychol. 

1999;5:19-29. 

65.  Fydrich T, Dowdall D, Chambless D. Reliability and validity of the Beck Anxiety 

Inventory. J Anx Disord. 1993;6:55-61. 

66.  Creamer M, Foran J, Bell R. The Beck Anxiety Inventory in a non-clinical 

sample. Behav Res Ther. 1995;33:477-485. 



84 

 

 

 

67.  Osman A, Barrios F, Aukes D, Osman J. The Beck Anxiety Inventory: 

psychometric properties in a community population. J Psychopath Behav Assess. 

1933;15:287-297. 

68.  Taylor JA. A personality scale of manifest anxiety. J Abnorm Soc Psychol. 

1953;48(2):285-290. doi:10.1037/h0056264 

69.  Cattell RB, Scheier IH. IPAT Anxiety Scale. 1963. 

70.  Kabacoff RI, Segal DL, Hersen M, Van Hasselt VB. Psychometric properties and 

diagnostic utility of the Beck Anxiety Inventory and the state-trait anxiety inventory with 

older adult psychiatric outpatients. J Anxiety Disord. 1997;11(1):33-47. 

doi:10.1016/S0887-6185(96)00033-3 

71.  Servitzoglou M, Papadatou D, Tsiantis I, Vasilatou-Kosmidis H. Psychosocial 

functioning of young adolescent and adult survivors of childhood cancer. Support Care 

Cancer. 2008;16(1):29-36. doi:10.1007/s00520-007-0278-z 

72.  Allen R, Newman SP, Souhami RL. Anxiety and depression in adolescent cancer: 

Findings in patients and parents at the time of diagnosis. Eur J Cancer. 1997;33(8):1250-

1255. doi:10.1016/S0959-8049(97)00176-7 

73.  Langlois JA, Rutland-Brown W, Wald MM. The Epidemiology and Impact of 

Traumatic Brain Injury. J Head Trauma Rehabil. 2006;21(5):375-378. 

74.  Gessel L, Fields S, Collins CL, Dick R, Cornstock R. Concussions Among United 

States High School and Collegiate Athletes. J Athl Train. 2007;42(4):495-503. 

75.  Guskiewicz K m., Weaver N l., Padua D a., Garrett Jr. W e. Epidemiology of 

concussion in collegiate and high school football players. / Epidemiologie des 



85 

 

 

 

commotions cerebrales chez des joueurs de football americain universitaires et lyceens. 

Am J Sports Med. 2000;28(5):643-650. 

76.  Giza CC, Hovda DA. The New Neurometabolic Cascade of Concussion. 

Neurosurgery. 2014;75(4):24-33. 

77.  Charney DS, Deutch A. A Functional Neuroanatomy of Anxiety and Fear: 

Implications for the Pathophysiology and Treatment of Anxiety Disorders. Crit Rev 

Neurobiol. 1996;10(3-4). doi:10.1615/CritRevNeurobiol.v10.i3-4.70 

78.  Prins ML, Lee SM, Cheng CLY, Becker DP, Hovda DA. Fluid percussion brain 

injury in the developing and adult rat: a comparative study of mortality, morphology, 

intracranial pressure and mean arterial blood pressure. Dev Brain Res. 1996;95(2):272-

282. doi:10.1016/0165-3806(96)00098-3 

79.  Zuckerman S, Lee YM, Odom M, Solomon G, Forbes J, Sills A. Recovery from 

sports-related concussion: days to return to neurocognitive baseline in adolescents versus 

young adults. Surg Neurol Int. 2012;3(1):709-715. 

80.  Fineman I, Giza CC, Nahed BV, Lee SM, Hovda DA. Inhibition of Neocortical 

Plasticity During Development by a Moderate Concussive Brain Injury. J Neurotrauma. 

2000;17(9):739-749. doi:10.1089/neu.2000.17.739 

81.  Barth JT, Alves WM, Ryan TV, et al. Mild Head Injury in Sports: 

Neuropsychological Sequelae and Recovery of Function. In: Mild Head Injury. 1st ed. 

New York City, NY: Oxford University Press, USA; 1989:257-275. 

82.  Register-Mihalik JK, Kontos DL, Guskiewicz KM, Mihalik JP, Conder R, Shields 

EW. Age-Related Differences and Reliability on Computerized and Paper-and-Pencil 



86 

 

 

 

Neurocognitive Assessment Batteries. J Athl Train. 2012;47(3):297-305. 

doi:10.4085/1062-6050-47.3.13 

83.  Peterson C l., Ferrara M s., Mrazik M, Piland S, Elliott R. Evaluation of 

neuropsychological domain scores and postural stability following cerebral concussion in 

sports. Clin J Sport Med. 2003;13(4):230-237. 

84.  Register-Mihalik JK, Guskiewicz KM, Mihalik JP, Schmidt JD, Kerr ZY, McCrea 

MA. Reliable Change, Sensitivity, and Specificity of a Multidime... : The Journal of Head 

Trauma Rehabilitation. J Head Trauma Rehabil. 2013;28(4):274-283. 

85.  Schatz P, Pardini JE, Lovell MR, Collins MW, Podell K. Sensitivity and 

specificity of the ImPACT Test Battery for concussion in athletes. Arch Clin 

Neuropsychol. 2006;21(1):91-99. doi:10.1016/j.acn.2005.08.001 

86.  Broglio SP, Macciocchi SN, Ferrara MS. Neurocognitive Performance of 

Concussed Athletes When Symptom Free. J Athl Train. 2007;42(4):504-508. 

87.  Talavage T, Nauman E, Breedlove E, et al. Functionally-Detected Cognitive 

Impairment in High School Football Players without Clinically-Diagnosed Concussion. J 

Neurotrauma. 2014;31(4):327-338. 

88.  Covassin T, Swanik CB, Sachs M, et al. Sex differences in baseline 

neuropsychological function and concussion symptoms of collegiate athletes. Br J Sports 

Med. 2006;40(11):923-927. doi:10.1136/bjsm.2006.029496 

89.  Covassin T, Crutcher B, Bleecker A, Heiden EO, Dailey A, Yang J. Postinjury 

Anxiety and Social Support Among Collegiate Athletes: A Comparison Between 

Orthopaedic Injuries and Concussions. J Athl Train Allen Press. 2014;49(4):462-468. 



87 

 

 

 

90.  Yang J, Peek-Asa C, Covassin T, Torner JC. Post-concussion symptoms of 

depression and anxiety in division I collegiate athletes. Dev Neuropsychol. 

2015;40(1):18-23. doi:10.1080/87565641.2014.973499 

91.  Corwin D, Zonfrillo MR, Master CL, et al. Characteristics of prolonged 

concussion recovery in a pediatric subspecialty referral population. J Pediatr. 

2014;165(6):1207-1215. 

 


	How Anxiety in Adolescent Athletes May Affect Baseline Neuropsychological Test Scores
	Recommended Citation

	PgLayoutReturnBkmrk
	TOCUpdateReturnBkmrk
	LOFUpdateReturnBkmrk
	LOTUpdateReturnBkmrk
	TblOrigLoc
	TblStartBkmrk
	tempBkmrk
	RefEntryBkmrk
	tempReturn

