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Predictors of Collegiate Student-Athletes’
Concussion-Related Knowledge and
Behaviors

John PK Bernstein, Matthew Calamia, Shelly Mullenix

ABSTRACT: Objective: This study aimed to explore student-athletes’ concussion-related knowledge and attitudes toward reporting
symptoms, demographic predictors of knowledge and attitudes, and determine whether responses to the survey changed following an online
educational intervention. Methods: A total of 108 Division I student-athletes enrolled at a large southern university completed a survey
evaluating knowledge regarding concussion-related terminology, symptoms and recovery trajectories, as well as attitudes toward reporting
symptoms following a possible concussion. Student-athletes completed the questionnaire both 2448 h before and one week after reviewing
the educational presentation. Results: At baseline, participants correctly identified 72% of concussion symptoms included in the
questionnaire, as well as correctly identified 75% of items related to the typical recovery trajectory post-concussion. A total of 54% of
baseline attitudes toward reporting symptoms matched clinical best practices. Multiple analysis of variance (MANOVA) revealed that male
sex and non-Caucasian race were associated with worse baseline knowledge of concussion symptoms. Concussion knowledge was not
associated with attitudes toward reporting symptoms. Paired samples #-tests indicated that knowledge of concussion-related terminology
improved modestly following the educational presentation. Conclusions: Some subsets of collegiate student-athletes show relatively lower
knowledge about symptoms of concussion than others. As a result, these groups may benefit from increased educational efforts to ensure
they recognize when a concussion may have occurred. Additionally, as knowledge and attitudes were unrelated and the intervention had a
modest effect on knowledge but not attitudes, future work should explore interventions that are designed to directly alter attitudes.

RESUME: Prédicteurs des connaissances et des comportements d’athlétes-étudiants post-secondaires en ce qui regarde les commotions
cérébrales. Objectif: Cette étude vise a explorer les connaissances et les attitudes d’athletes-étudiants en ce qui regarde le signalement des symptdmes liés aux
commotions cérébrales mais aussi les prédicteurs démographiques de ces connaissances et de ces attitudes. Elle vise également a déterminer dans quelle mesure
des réponses a un sondage ont changé a la suite d’une intervention éducative en ligne. Méthodes: Un total de 108 athletes-étudiants de premiére division inscrits
dans une université importante du sud des Etats-Unis ont ainsi répondu 2 un sondage visant 2 évaluer, outre leurs attitudes a 1'égard du fait de signaler des
symptdmes consécutifs a une possible commotion cérébrale, leurs connaissances en ce qui regarde la terminologie des commotions cérébrales, les symptomes
qui y sont liés ainsi que les trajectoires de rétablissement. Fait a souligner, ces jeunes ont complété le sondage 24 a 48 heures avant leur présentation éducative en
ligne et une semaine apres I’avoir visionnée. Résultats: Au départ, nos répondants ont correctement identifié 72 % des symptomes de commotion cérébrale
inclus dans le sondage. Ils ont aussi identifié€ correctement 75 % des aspects li€s a une trajectoire de rétablissement typique suivant une commotion cérébrale. Un
total de 54 % d’attitudes au départ a I’égard du fait de signaler des symptomes a correspondu aux meilleures pratiques sur le plan clinique. Une analyse de
variance multivari€ée (ou « MANOVA » en anglais) a par ailleurs révélé que les athlétes masculins non-caucasiens étaient associés a de plus faibles
connaissances de départ au sujet des symptomes des commotions cérébrales. Le fait de posséder de telles connaissances n’a pas été associée a des attitudes
spécifiques en ce qui a trait au signalement de symptomes. Des tests de Student d’échantillons appariés ont indiqué que les connaissances portant sur la
terminologie des commotions cérébrales se sont améliorées 1égerement a la suite des présentations éducatives. Conclusions: Quelques sous-groupes d’athletes-
étudiants du college ont montré des connaissances relativement plus faibles au sujet des symptdmes li€s aux commotions cérébrales si on les compare a d’autres.
En cela, il se pourrait qu’ils puissent bénéficier d’efforts éducatifs accrus nous permettant de nous assurer qu’ils sont en mesure de reconnaitre lorsqu’une
commotion éventuelle s’est produite. De plus, considérant que connaissances et attitudes ne sont pas reliées et que 1’intervention en ligne a eu un faible impact
sur les connaissances mais non sur les attitudes, les efforts a venir devraient envisager des interventions destinées directement a modifier ces mémes attitudes.
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InTRODUCTION these injuries are mild in severity (mTBI) and thus distinguish-

An estimated 69 million individuals experience a traumatic able from more clinically significant head injuries (i.e., moderate-
brain injury (TBI) worldwide each year.' The vast majority of to-severe TBI). Relative to the general population, athletes are at
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heightened risk of experiencing mTBI, also known as concus-
sion. A multitude of research examining the sequelae of athletic
concussion has drawn increased public awareness and identified
numerous signs and symptoms, including dizziness, headache,
nausea, and vestibular dysfunction.y‘ While most athletes re-
cover from concussion within 2-4 weeks, as many as 33% of
individuals continue to experience cognitive and/or behavioral
symptoms even 1-3 months post-injury.”® Athletes who are
symptomatic, continue to practice or compete and experience
a subsequent blow to the head are at increased risk for second
impact syndrome, which may have severe consequences (e.g.,
brain swelling, death).7_9 As a result, it is recommended that
athletes who are suspected as having experienced a concussion be
removed immediately from participation.'®'" This approach is
consistent with the “best practices” put forward by the National
Collegiate Athletic Association (NCAA), which indicates that
athletes’ education and recognition of concussion symptoms are
central to adequate concussion management.

Extant literature regarding knowledge among those involved
in athletics about the signs and symptoms of concussion has
largely emphasized coaches, athletic trainers, and parents of
athletes.'""> High school athletes have also recently been the
focus of many concussion knowledge and symptom-reporting
studies.'>™° This work has highlighted that underreporting of
concussion may be attributed partially to poor recognition of
concussion-related symptoms, a desire not to be removed from
play following injury, and negative attitudes toward reporting
symptoms (e.g., not recognizing the seriousness of concussion
symptoms, being embarrassed about reporting symptoms).”’21

In contrast to the literature as it relates to high school samples,
relatively little work has explored these topics among college
student-athletes. This is surprising given that rates of concussion
are higher in college than high school athletes.”> One of the
earliest college athlete concussion knowledge studies found that
half of athletes indicated having no knowledge of the possible
consequences of concussion, despite nearly one third of respon-
dents self-reporting at least one prior blow to the head which
caused dizziness.?®> While evidence suggests that college student-
athletes’ understanding of the symptoms and consequences of
concussion has improved in recent years, as many as one in four
college student-athletes still experience a concussion without
recognizing it.>* This may partially be due to college athletes’
incomplete understanding of the full range of symptoms that can
follow concussion (e.g., emotional symptoms) as well as false
beliefs about the severity of a single concussion on cognitive
abilities (e.g., 70% of athletes report that forgetting the names or
faces of familiar individuals is a common sign of concussion).*
In at least one study of college student-athletes, concussion
knowledge was directly shown to predict attitudes about report-
ing concussions in the future.”® Within this limited literature,
knowledge has been linked to sex, years in school, and sport
played.**?’

Preliminary work has also explored the impact of prior
concussion educational experiences on student-athletes’ knowl-
edge and attitudes regarding concussion, although this work has
largely been limited to high school samples. Bramley et al. noted
that athletes who receive concussion education report being more
likely to notify their coach if they experience symptoms of
concussion.”® However, after controlling for demographics
(e.g., sport, sex), Kurowski et al. failed to identify a relationship
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between previous education and concussion-related knowl-
edge.'® In the only intervention study conducted in a collegiate
sample to-date, Miyashita et al. found that an educational lecture
intervention conducted prior to the beginning of the athletic
season resulted in increased post-season concussion knowledge
in a sample of Division II men’s and women’s soccer and
basketball players.>’

Researchers have developed a greater appreciation for the
full range of signs and symptoms that may follow concussion,
and the NCAA has made it a priority to educate student-
athletes about these signs and symptoms in order to promote
safety.30 However, several gaps in the literature are in need of
addressing in order to further improve efforts to improve
student-athletes knowledge and symptom-reporting beha-
viors. Firstly, previous studies exploring collegiate student-
athletes’ concussion knowledge have primarily explored a
limited set of symptoms (e.g., headache, fatigue). Given the
heterogeneity of symptoms that athletes may experience
following concussion (e.g., impaired sleep, emotional
changes), an examination of athletes’ knowledge regarding
a larger set of symptoms is warranted. Previous studies have
also explored a limited set of demographic predictor variables,
and rarely assess knowledge differences across sports.
Addressing this topic in a large sample of athletes that span
different sports, ages, and other variables will allow for future
educational efforts to be tailored to individuals who have
demonstrated a lower amount of knowledge with regard to
various aspects of concussion. Finally, prior studies regarding
concussion knowledge have largely been descriptive by de-
sign, and do not attempt to explicitly increase student-
athletes’ knowledge. Preliminary educational intervention
work in a collegiate sample has been limited to only two
sports (i.e., soccer and basketball) and did not assess changes
in attitudes or concussion-reporting behaviors.”” As such,
further work exploring the effects of an intervention on
collegiate student-athletes’ knowledge and attitudes toward
concussion symptoms reporting appears necessary. The
present study aimed to elucidate student-athletes’ concussion-
related knowledge and attitudes toward symptom-reporting,
explore demographic predictors of knowledge and attitudes, and
determine whether responses to the survey changed following an
online educational intervention.

METHODS
Design

In this follow-up study, all participants completed three
measures: a baseline questionnaire, a brief knowledge interven-
tion, and a follow-up questionnaire. All three measures were
administered using Qualtrics software (www.qualtrics.com). The
baseline and follow-up questionnaires were identical in content
and format. They were designed to take approximately 10-15
min each to complete. The intervention was administered 1 to 2
days following the baseline questionnaire and took approximate-
ly 10 min to complete. The follow-up questionnaire was
administered approximately 1 week following the intervention.
At the beginning of completing any of the three study measures,
participants provided their unique student identification number.
This number was used to link all measures to a participant prior to
analyses. Participants were informed at the time of study
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Table 1: Demographic variables

Age (years) 20.12 (SD=1.33)
Gender (% female) 68.7%
Years on Roster, n 3.16 (SD=1.15)
Race
American Indian/Alaska Native 0.0%
Asian 1.1%
Black or African-American 21.2%
Native Hawaiian or Other Pacific Islander 0.6%
Caucasian 74.3%
Other 2.8%
Ethnicity (% Hispanic or Latino) 6.3%
Sport (% Contact Sport) 69.3%
Lifetime Sports-Related Concussions, n 0.44 (SD=0.72)

enrollment that their identification number would solely be used
to link their data across the three measures and their responses
would be confidential. Participants completed a computerized,
institutional review board-approved consent form prior to com-
pleting any questionnaires.

Participants

Participants were collegiate varsity student-athletes recruited
from a large, Division I university in the southeastern United
States. Participants were recruited during the Spring 2018
semester. All participants were required to be at least 18 years
of age in order to participate. Participants of all different amounts
of collegiate varsity experience (i.e., varying number of years on
the team’s roster) were invited to participate (see Table 1). Nearly
all varsity sports teams at the university were represented in the
sample, including contact/limited contact (e.g., football, basket-
ball) and non-contact sports (e.g., swimming and diving, cross-
country). Participants were initially recruited via an email sent
from their team’s lead athletic trainer, which included a hyperlink
to the baseline questionnaire. The athletic trainer sent similar
emails with hyperlinks to the intervention and follow-up ques-
tionnaires at appropriate intervals.

Measures

Concussion Questionnaire

A questionnaire was developed to assess knowledge about
concussion and concussion-related attitudes and reporting
behaviors. The questionnaire was derived from the one ad-
ministered by Kurowski et al. to a sample of high school
athletes, which included items administered by the Center of
Diseases Control (CDC) heads-up program as well as a ques-
tionnaire used in Arizona to assess concussion knowledge of
high school athletes.'® The questionnaire also included infor-
mation regarding demographics, previous concussion-related
education, and concussion history (i.e., a computerized adap-
tation of the Ohio State University Traumatic Brain Injury
Identification Method (OSU TBI-ID)).>!
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The questionnaire included 73 items and was comprised of 2
content sections: (1) concussion knowledge, and (2) concussion
reporting attitudes/behaviors. Consistent with the Kurowski sur-
vey, the concussion knowledge section included two subsections:
(1) signs and symptoms of concussion, and (2) typical course of
recovery and accepted concussion management practices (see
Table 2).'8 Ttems in the former subsection were formatted as a
checklist, while items in the latter subsection were formatted as
true/false questions. A total of 18 items were added to the signs
and symptoms subsection in order to better reflect the full range
of symptoms that college student-athletes may experience after
concussion, and a total of 20 items were added to the recovery
and concussion management subsection to evaluate a wider array
of knowledge about recovery. A Seven-item concussion termi-
nology section was also added to the knowledge section in order
to evaluate participants’ familiarity with words that are medically
equivalent to the term “concussion.” The 11-item concussion-
reporting attitudes/behaviors section consisted of statements that
participants answered using a three-point Likert scale with
choices of “never,” “sometimes,” or “always” (see Table 3).

Three validity check items were embedded throughout each of
the questionnaires to ensure adequate effort (e.g., “If you are
reading this, select ‘Always’”). Individuals who chose the wrong
selection on any of the validity items at baseline were excluded
from baseline analyses (see below). Individuals who chose the
wrong selection on any validity items at baseline or follow-up or
who did not complete all three components of the study (i.e.,
baseline questionnaire, follow-up questionnaire, or intervention)
were excluded from intervention-related analyses.

Intervention

The concussion intervention consisted of a brief written
presentation administered via Qualtrics (qualtrics.com) that par-
ticipants read on their electronic device. The intervention was
designed to match the content assessed in the baseline and follow-
up questionnaires. Topics addressed in the intervention included,
in order of appearance: (1) a medical definition of concussion (2)
terms that are (e.g., mild traumatic brain injury) and are not (e.g.,
moderate-to-severe traumatic brain injury) equivalent to “con-
cussion” (3) signs and symptoms that are (e.g., slower reaction
time) and are not (e.g., decreased ability to read and write)
typically experienced after concussion (4) actions that should
be taken if a concussion is suspected (e.g., symptom-reporting
immediately after experiencing symptoms and the importance of
receiving an evaluation by a physician), and (5) how concussion
is treated (e.g., time off from mental exertion, abstinence from
alcohol, gradual return-to-play).

In total, the presentation included seven slides: one slide for an
introduction to the intervention component of the study, one slide
each for the five topics described previously, and one slide
thanking the participant for completing this component of the
study. The intervention included solely text (i.e., no pictures,
videos, or other media was used).

Statistical Analyses

To explore common areas of misconception about concussion
at baseline, descriptive statistics were used to examine accuracy
in concussion-related knowledge broadly (i.e., percent correct
across the full knowledge section), as well as accuracy within the
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Table 2: Baseline knowledge questions

Question (Correct Response) Correct Responses, n (%)

Terminology Subsection — Select the terms that you believe are medically equivalent to the term “concussion”. Please choose all that apply*.

Mild traumatic brain injury (mTBI) (true)* 130 (72.6%)
Moderate-to-severe traumatic brain injury (false)* 65 (36.3%)
Minor head injury (true)* 109 (60.9%)
Contusion (false)* 119 (66.5%)
Having your “bell rung” (true)* 64 (35.8%)
Minor head trauma (true)* 119 (66.5%)
A head injury followed by either brief loss of consciousness, dizziness or amnesia (true)* 146 (81.6%)

Symptom Subsection — Check the following signs and symptoms that you believe a person is likely to experience after a concussion

Neck pain (false) 71 (39.7%)
Vomiting (true) 139 (77.7%)
Sensitivity to light or noise (true) 168 (93.9%)
Forgetting academic skills they had known prior to the concussion (e.g., how to read) 106 (59.2%)
(false)*
Nausea (true) 158 (88.3%)
Difficulty concentrating (true) 158 (88.3%)
Problems living as independently as prior to injury (e.g., completing household chores, 135 (75.4%)
bathing) (false)*
Slower reaction time (true) 152 (84.9%)
Confusion (true) 155 (86.6%)
Headache (true) 172 (96.1%)
Sleeping much more or less than prior to concussion (true)* 115 (64.2%)
More difficulties completing schoolwork (true)* 128 (71.5%)
Becoming prone to saying rude or socially inappropriate things (false)* 146 (81.6%)
Slow to respond to questions or directions (true)* 163 (91.1%)
Trouble remembering important life events from their past (false)* 74 (41.3%)
Inability to form any new memories (false)* 122 (68.2%)
Slurred or incoherent speech (true)* 121 (67.6%)
Feeling sad, blue, or having a loss of interest in their normal activities (true)* 80 (44.7%)
Experiencing hallucinations or developing strange beliefs that are clearly false 128 (71.5%)
(i.e., delusions) (false)*
Feeling anxious or having difficulty relaxing (true)* 84 (46.9%)
Feeling irritable or easily angered (true)* 90 (50.3%)
Eating or drinking substantially more than prior to the concussion (false)* 148 (82.7%)
Difficulties with balance or feeling dizzy (true)* 161 (89.9%)
Feeling “slowed down” or as if “in a fog” (true)* 153 (85.5%)
Unusual sense of smell or taste (false)* 142 (79.3%)
Numbness/tingling in the arms or hands (false)* 114 (63.7%)

Recovery and Concussion Management Subsection — Indicate whether the following statements are true or false about concussion

A concussion is harmless and never results in long-term problems or brain damage (false)* 176 (98.3%)

A little brain damage does not matter, as people use a small portion of their brains anyway 176 (98.3%)
(false)*

A concussion can cause brain damage even if the athlete is not knocked out (true)* 166 (92.7%)

In sport, concussion almost never happens (false)* 175 (97.8%)

Most athletes with concussion are not fully aware of its effect on their behavior and 167 (93.3%)

performance (true)*
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Table 2: Baseline knowledge questions (Continued)

Question (Correct Response)

Correct Responses, n (%)

Sometimes a second blow to the head can help an athlete remember things that were
forgotten (false)*

171 (95.5%)

Once a recovering athlete feels “back to normal,” the recovery process is complete (false)*

157 (87.7%)

Complete recovery from a concussion is not possible, no matter how badly the person
wants to recover (false)*

145 (81.0%)

Drinking alcohol may affect an athlete differently after a concussion (true)*

163 (91.1%)

How quickly an athlete recovers from concussion depends mainly on how hard they work
on recovery (false)*

134 (75.3%)

It is easy to tell if an athlete has brain damage from a concussion by the way the person
looks or acts (false)*

124 (69.3%)

Whiplash injuries to the neck can cause brain damage even if there is no direct blow to the
head (true)*

166 (92.7%)

In sports, a concussion can have positive and negative effects on the athlete (false)*

132 (74.2%)

An athlete who has recovered from a concussion is less able to withstand a second blow to
the head (true)*

109 (60.9%)

Asking athletes who were concussed about their recovery is the most accurate, informative
way to find out how they have progressed (false)*

102 (57.0%)

A concussed athlete may have trouble remembering events from before their concussion,
but usually does not have trouble learning new things (true)*

108 (60.3%)

A helmet will always prevent concussions (false)*

168 (94.4%)

If an athlete suffers a concussion, it is important to keep them awake (false)*

34 (19.0%)

If an athlete suffers head trauma but doesn’t experience a loss of consciousness, then the
injury isn’t a concussion (false)*

168 (93.9%)

If an athlete experiences head trauma accompanied by a loss of consciousness, then the
injury is definitely a concussion (false)*

75 (42.1%)

An athlete should not continue to play sports while having a concussion (true)

165 (92.2%)

There is a higher risk of death if a second concussion occurs before the first one has healed
(true)

151 (84.4%)

A person can only get a concussion if hit in the head (false)

143 (79.9%)

Imaging of the brain, such as MRIs and CT scans, always show visible physical damage to
the brain after a concussion (false)

99 (55.6%)

If a person gets one concussion, they are more likely to get another (true)

120 (67.0%)

Being knocked out causes permanent damage to the brain (false)

122 (68.2%)

Majority of symptoms last for at least 1 month (false)

70 (39.3%)

Athletes must complete a gradual return to play before returning to sports (true)

170 (95.0%)

‘What is the current treatment for a person immediately following a concussion?

There is not any

19 (10.6%)

Continue to practice, but don’t compete

4 (2.2%)

No mental exertion for 1-2 days

156 (87.2%)

Carry on with life as if nothing is wrong

0 (0.0%)

*Item not included in the Kurowski et al. (2014) questionnaire

three knowledge subsections (i.e., concussion terminology, signs
and symptoms of concussion, typical course of recovery and
accepted concussion management practices). Within the concus-
sion symptoms portion of the knowledge section, descriptive
statistics were used to determine which symptoms were most and
least recognized as being associated with concussion. Descriptive
statistics were also used to evaluate the extent to which responses
on the reporting attitudes/behaviors section matched best prac-
tices. Pearson correlation coefficients were used to examine
associations between baseline scores on the concussion
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knowledge section and concurrent scores on the reporting atti-
tudes/behaviors section.

Multivariate analysis of variance (MANOVA) was used to
detect associations between categorical demographic variables
(i.e., sex, race, contact vs. non-contact sport, underclassman vs.
upperclassman year in school) and scores on the knowledge
section and the reporting attitudes/behaviors section. Follow-up
t-tests were used to assess differences for any comparisons that
emerged significant in the MANOVA. Paired samples #-tests
were used to examine changes subsequent to the intervention in
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Table 3: Baseline behavior and attitudes questions

Question (Response Consistent with Best Practices)

Responses Consistent with Best Practices, n (%)

Indicate the frequency with which you would do the following. Respond to each item with one of the following: “Never,” “Sometimes,” or “Always”

I would immediately tell a coach or athletic trainer that I had a headache, fogginess, or
dizziness after getting hit in the head during a game or in practice (always)

112 (62.6%)

I would report having a concussion to a coach or athletic trainer if I knew it meant I would
have to sit out a practice or two (always)

126 (70.8%)

I would report having a concussion to a coach or athletic trainer if I knew it meant I would
have to sit out of a game (always)

105 (58.7%)

If my teammate told me they thought they had a concussion, I would report it to a coach or
athletic trainer (always)

95 (53.1%)

I would continue playing a sport while having a headache that resulted from a minor bump 29 (16.3%)
to the head (never)
I would play through any condition or injury for our team to win (never) 20 (11.2%)

I feel that it is important to be thoroughly evaluated by a medical personnel after an injury
to make sure I recover completely (always)

139 (77.7%)

I feel that getting a concussion is not a big deal and actually proves that I am tough (never)

161 (89.9%)

I feel that if a star athlete gets a concussion during a playoff game they should return to the
game since it could be their last one of the season (never)

134 (75.3%)

During a championship game, you get injured. It hurts but does not really hinder your 68 (38.0%)
ability to play. Knowing that it would result in a more severe injury, I would report the
injury to a coach or athletic trainer (always)

It is OK for an athlete to continue playing in a game in which they have suffered a 144 (80.4%)

concussion (never)

scores on the knowledge and attitudes/behaviors sections, as well
as specific knowledge portions.

RESuLTS

A flow chart depicting study recruitment may be found in
Figure 1. A total of 188 participants completed the baseline
questionnaire. Of these, 179 provided valid responses and
were included in baseline analyses. Demographic information
regarding participants whose data were included in baseline
analyses may be found in Table 1. Of these participants, 133
completed the intervention. From this subset of participants,
103 participants completed the follow-up questionnaire. Of
these participants, 96 provided valid responses and were
included in intervention-related analyses. No demographic
differences were found between participants included in all
analyses and those not included in any analyses or solely
included in baseline analyses, all p > 0.05. No differences
on baseline measures were found between participants includ-
ed in all analyses and those solely included in baseline
analyses, all p > 0.05. Participants took an average of 14.2
min (SD =2.4) to complete the baseline questionnaire, 5.0 min
(SD=4.5) to complete the intervention, and 11.3 min
(SD=3.4) to complete the follow-up questionnaire. Cron-
bach’s alpha coefficients for individual subsections were ade-
quate (0.73-0.91).

Baseline Questionnaire Descriptive Statistics and
Associations among Sections

Data regarding baseline performance on the questionnaire may
be found in Table 2. Overall, the average percent correct on the
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knowledge section of the questionnaire was 72%. Average percent
correct on the concussion terminology subsection was 60%.
Among items within this subsection, participants most frequently
correctly identified concussion as being a head injury followed by
either brief loss of consciousness, dizziness, or amnesia (81.6%
correct response rate). Items that were less likely to be correctly
responded to included indicating that moderate-to-severe traumatic
brain injury is not equivalent to concussion (36.3%).

The average percent correct on the signs and symptoms of
concussion subsection was 73%. Participants most frequently cor-
rectly identified headache (96.1% correct response rate), sensitivity
to light or noise (93.9%), and difficulty with balance or feeling dizzy
(89.9%) as being associated with possible concussion. They least
frequently correctly identified neck pain (39.7%) and trouble re-
membering important life events from their past (41.3%) as not
being associated with concussion. Participants also less frequently
correctly identified feeling sad, blue or having a loss of interest in
normal activities (44.5%), feeling anxious or having difficulty
relaxing (46.9%), and feeling irritable or easily angered (50.3%)
as possibly being associated with a concussion.

The average percent correct on the recovery and concussion
management subsection was 75%. Participants most frequently
correctly responded “false” to “A little brain damage does not
matter, as people use a small portion of their brains anyway”
(98.3% correct response rate), “false” to “A concussion is
harmless and never results in long-term problems or brain
damage” (98.3%), and “false” to “In sport, concussion almost
never happens” (97.8%). They least frequently correctly
responded “false” to “If an athlete suffers a concussion, it is
important to keep them awake” (19.0%) and “false” to “Majority
of symptoms last for at least one month” (39.3%).
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188 student-athletes completed
baseline questionnaire

179 student-athletes provided
valid baseline responses and were
included in baseline analyses

133 student-athletes completed
the intervention

103 student-athletes completed
the follow-up questionnaire

analyses

96 student-athletes provided valid
follow-up responses and were
included in intervention-related

Figure 1: Sample recruitment.

Data regarding baseline responses to behaviors/attitudes ques-
tions may be found in Table 3. In total, on average, 58% of
responses on the reporting attitudes/behaviors sections matched
clinical best practices. Responses that were most frequently
consistent with best practices included responding “never” to
“I feel that getting a concussion is not a big deal and actually
proves that I am tough (89.9% of responses consistent with best
practices),” responding “never” to “It is OK for an athlete to
continue playing in a game in which they have suffered a
concussion” (80.4%), and “always” to “I feel that it is important
to be thoroughly evaluated by a medical personnel after an injury
to make sure I recover completely” (75.0%). Responses that were
least frequently consistent with best practices included respond-
ing “never” to “I would play through any condition or injury for
our team to win” (11.2%) and responding “never” to “I would
continue playing a sport while having a headache that resulted
from a minor bump to the head” (16.3%).

Pearson correlation coefficients revealed that symptom
scores were associated with recovery and concussion
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management subsection scores, #(169) = .30, p < 0.01, and
with terminology subsection scores, r(169) = .23, p < 0.001.
Recovery and concussion management subsection scores were
not associated with terminology subsection scores, p > 0.05.
Neither scores on the knowledge section nor scores on knowl-
edge subsections were associated with reporting attitudes/beha-
viors section scores, all p > 0.05.

Associations between Baseline Questionnaire Scores and
Demographic Variables

A one-way MANOVA revealed significant effects of sex
(Pillai’s Trace=0.09, F(4, 152)=3.77, p < 0.01) and race
(Pillai’s Trace = .12, F(4, 152)=5.39, p < 0.001) on question-
naire sections. Follow-up #-tests revealed that relative to females
(m=44.83, SD=4.39), males (m=42.74, SD = 6.05) performed
more poorly on the knowledge section, #(169) = -2.55, p < 0.05.
Relative to females (m=19.24, SD=3.09), males (m=18.14,
SD =3.33) also performed more poorly on the symptoms
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subsection, #(169) = -2.16, p < 0.05. Compared to Caucasians
(m=44.88, SD =4.90), non-Caucasians (m=42.05, SD=4.93)
performed more poorly on the knowledge section, #(169) =3.25,
p < 0.01. Relative to Caucasians (m=19.46, SD =2.99), non-
Caucasians (m=17.28, SD =3.24) also performed more poorly
on the symptoms subsection, #(169) =4.16, p < 0.001. No effects
were found for contact sport or year in school on questionnaire
section scores, both p > 0.05.

Changes in Knowledge and Attitudes from Baseline to Post-
Intervention

Paired-samples #-tests revealed a modest but significant in-
crease in knowledge regarding concussion terminology from
baseline (m=4.33, SD=1.34) to post-intervention (m=>5.16,
SD=1.11), #(95)=5.14, p < 0.001. No significant changes were
found for other knowledge sections or the attitudes/behaviors
section, all p > 0.05.

DiscussioN

Efforts to evaluate athletes’ knowledge about concussion have
increased substantially in recent years.ls_zo This work has im-
portant implications for educational interventions, such as iden-
tifying specific student-athlete sub-groups who may be in need of
greater attention by educators and particular gaps in student-
athletes” knowledge more broadly that should be focused on via
educational efforts.?®

Prior studies indicate that both high school and collegiate
student-athletes demonstrate considerable knowledge about the
symptoms and effects of concussion.'®** However, direct
comparisons between these groups have historically been
difficult given the use of differing questionnaires. At baseline,
student-athletes in the present study correctly answered 72% of
all content included in the knowledge section of the survey. This
proportion is similar to that of Kurowski et al., whose sample of
high school athletes correctly answered 68% of a similar survey.

At baseline, among the three knowledge subsections, parti-
cipants obtained the highest scores on the recovery and concus-
sion management subsection (75%) followed closely by the
symptom subsection (73%), while scores on the terminology
subsection (60%) were somewhat lower. These results may hint
at the significant emphasis that NCAA education programs place
on the former two domains, and indicate that student-athletes are
generally familiar with symptoms of concussion, as well as what
to expect over the course of recovery and how to manage
symptoms post-injury. However, concussion terminology
appears to be an area in need of greater attention. In particular,
student-athletes appeared to have difficulty differentiating mod-
erate or severe TBI from more mild injuries. At baseline, less than
40% of participants accurately indicated that moderate-to-severe
TBI is not equivalent to concussion. In comparison to concus-
sion, moderate-to-severe TBI is relatively rare in sports and is
associated with significantly greater implications for individuals’
cognitive and functional abilities.>> As such, educational efforts
should more clearly articulate that concussion represents solely
one portion of the clinical spectrum of TBI. Doing so would
likely help student-athletes become better informed about the
symptoms they can expect and not expect to experience following
injury.
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Student-athletes displayed good recognition at baseline for
many of the hallmark cognitive and somatic symptoms of
concussion, including headache, difficulties concentrating, slo-
wed reaction time, nausea, and sensitivity to light or noise. These
symptoms were identified at a similar or higher rate than did high
school athletes in a prior study,'® suggesting that this trend holds
true across young adulthood. Most student-athletes also acknowl-
edged the high frequency of concussion in sport, the medical
seriousness of experiencing brain damage, and the fact that a
concussion may have effects on an individual without their
realization or observable signs. However, consistent with the
Kurowski high school sample, most student-athletes also errone-
ously believed that symptoms typically last for a month or more
post-injury. Thus, educational efforts should better communicate
the transient nature of most symptoms post-concussion.

Several of the symptoms that were least commonly correctly
identified at baseline pertained to emotional symptoms, namely
anxiousness, depressiveness, and irritability. Of all symptoms
included in their survey, Kurowski et al. found that emotional
symptoms broadly were the least frequently recognized symp-
tom, with only 40% of high school athletes identifying it as
characteristic of possible concussion.'® The current study mirrors
those results and suggests both that this misconception is true at
the collegiate level and is not limited to solely one aspect of
emotional functioning (e.g., anxiety), but rather extends across
domains. Given the effects that concussion-associated emotional
symptoms may have on other aspects of functioning (e.g.,
academic, social),33 it is important that student-athletes are made
aware of the normalcy of such symptoms post-injury, the gener-
ally transient nature of such symptoms, and the mental health
resources available to them. Most student-athletes also incorrect-
ly reported that difficulties recalling important life events were
characteristic of concussion, which is similar to a finding from
Fedor and Gunstad (2015) regarding names and faces of familiar
individuals.>> These results provide further indication that dis-
crimination between mild and more severe head injuries during
educational programming is warranted.

At baseline, student-athletes’ responses on the reporting atti-
tudes/behaviors section were consistent with clinical best prac-
tices as outlined by the NCAA in 58% of instances. Agreement
between self-reported attitudes/behaviors and best practices were
highest when a concussion had unquestionably been experienced
(i.e., when the item explicitly noted the occurrence of a concus-
sion) and lowest when the term “concussion” was not noted. As
such, student-athletes may view hits to the head that result in
more “mild” symptoms (e.g., headache) or for which the effects
are somewhat ambiguous less seriously. Alternatively, student-
athletes may believe that the need for a removal from play might
vary on a case-to-case basis and is not their decision to make, as
evidenced by many student-athletes responding that they “some-
times” would take steps to leave play under these circumstances.
This would be consistent with best practices as put forth by the
NCAA, which highlights the need for an athletic trainer or team
physician to make the final removal from play determination. In
order to remedy such cases, educational interventions should
make clear that a removal from play to screen for signs of
concussion does not by definition imply that a student-athlete
will be diagnosed with said injury, and may still return to the
game if symptoms aren’t detected.
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Relative to females at baseline, male student-athletes per-
formed more poorly on the symptom subsection as well as noted
reporting attitudes/behaviors less consistent with best practices.
High school male student-athletes have demonstrated lower
knowledge and reporting attitudes/behaviors that are more in-
congruent with best practices,l&34 and the present study suggests
that this difference holds true in college as well. Student-athletes
of non-Caucasian race also fared more poorly on the knowledge
section than did Caucasians, a relatively novel finding likely due
to the limited literature on racial differences in post-concussion
cognitive performance and outcomes more broadly.*> Although
some have identified individuals with different ethnic and cultural
ancestry (e.g., Indigenous Canadians) as having relatively limited
knowledge regarding concussion, > ours is among the first studies
to directly compare Caucasians and non-Caucasians’ concussion-
related knowledge and behaviors in a single study. Results of the
present study suggest that males and non-Caucasians may be in
particular need of receiving concussion-related education. How-
ever, it is important to note that racial and sex differences were
modest in size, and all student-athletes irrespective of sex or race
would likely benefit from education about concussion.

In comparison to their baselines, student-athletes demonstrat-
ed a modest increase in concussion terminology scores post-
intervention. These results suggest that student-athletes became
more familiar with terms that are and are not equivalent to
“concussion” over this period. However, in contrast to a prior
study,”® knowledge about concussion did not improve following
the intervention. Furthermore, despite increased knowledge re-
garding concussion terminology, student-athletes’ responses on
the reporting attitudes/behaviors section did not change, and
neither the knowledge section score nor the terminology, symp-
tom, or recovery and concussion management subscores were
associated with reporting attitudes/behaviors. These findings are
consistent with past work utilizing a similar survey, which
indicated that knowledge about concussion did not correlate with
reporting attitudes/behaviors.'® As such, the creation of inter-
ventions that are specifically designed to alter student-athletes’
reporting attitudes and behaviors, rather than solely their knowl-
edge about concussion, may be warranted.

LIMITATIONS

The present study was limited by its sample size; while the
overall sample is comparable or larger than several prior studies in
this area, it is also predominantly female and Caucasian. As such,
sex and racial differences in performance on the survey may be the
result of chance findings rather than true contrasts. A control group
(i.e., student-athletes who did not complete the educational inter-
vention) was not recruited due to concerns about limited power,
given the sample size. Future studies utilizing this educational
intervention should either include a control group in order to
compare post-intervention performance between participants who
do and do not receive the educational component, or administer the
baseline questionnaire twice prior to the intervention in order to
determine the effect that simply answering questions regarding
concussion has on knowledge and reporting behaviors.

Given that all participants were recruited from a single, southern
university, it is possible that findings may differ at other institutions
and in other regions, particularly since colleges and universities may
differ in the concussion educational programs they provide. As such,
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further work that examines this topic in a multisite sample repre-
sentative of the makeup of collegiate student-athletes nationally
would be beneficial. Responses on the reporting attitudes/behaviors
section were also self-reported, and thus may differ from how
student-athletes would act in an actual game or practice setting.
Additionally, as study measures were administered online and thus
frequently completed without an athletic trainer or study adminis-
trator present, it is possible that some participants may have looked
up answers to items.

Although an attempt was made to utilize a questionnaire that
reflected the current consensus of concussion research, other
investigators may have come to different conclusions about some
items where there have been mixed findings. For example,
whereas some have identified an increase in depressive symptoms
following concussion,*® others suggest that the strongest predic-
tor of these symptoms is baseline depression severity.®” Addi-
tionally, although the questionnaire itself was based on those
used in prior studies, it also included items added by study
investigators. These additions allowed for examination of a
broader knowledge base, however also meant that a measure
identical to ours has not been utilized in prior studies, thus
limiting our ability to compare performance to other samples.
Finally, post-intervention performance was measured at 1-week
follow-up, an interval chosen due to logistical considerations
(e.g., likelihood of losing some student-athletes to follow-up
due to graduation or the conclusion of their athletic season).
Future work that includes this intervention should employ a
longer timeframe post-intervention in order to better assess the
longer-term effects of the intervention.
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