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Abstract

Background—The benefit of preseason concussion education on athletes’ knowledge, attitudes, 

and behaviors is unclear. The purpose of the study was to determine the influence of preseason 

concussion education on knowledge and self-reported attitudes and reporting behaviors. We 

hypothesized that preseason education would lead to better knowledge and self-reported attitudes 

and better reporting of concussion symptoms during the season.

Methods—Prospective cohort comparing the benefits of a preseason lectured-based concussion 

education session at one high school with a control school. Participants included males and 

females age 13–18 years from two community high schools who were participating in higher 

concussion risk, fall or winter sports (football, soccer, wrestling, and basketball). The education 

school and control school included 234 and 262 participants, respectively. Outcomes were a pre- 

and post-season survey assessing knowledge and self-reported attitudes about concussions and an 

end of season questionnaire assessing concussion reporting behaviors during the season.

Results—Total scores on the combined (p<.0001), knowledge-based (p=.016), and behavioral-

based (p<.0001) questions demonstrated statistically significant improvement in the education 

group. Scores peakedimmediately post education, but dissipated at the end of the season. There 

was a lower proportion in the education school (72%) compared to the control school (88%) that 

reported continued play despite having concussion symptoms during the season (p=.025). A 
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similar proportion of athletes diagnosed with concussion during the season in the education (27%) 

and control schools (23%) reported returning to play before symptoms resolved (p=.81).

Conclusion—These findings suggest that a didactic-based preseason concussion education 

likely has minimal benefits. Other factors besides knowledge are likely influencing student-athlete 

concussion reporting behavior. Future research focused on changing the culture of concussion 

reporting is needed.
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Background

Traumatic brain injuries (TBI) are a leading cause of acquired disability in children. 

Approximately 1.6–3.8 million TBIs related to sports and recreation occur annually in the 

US.(1) Most TBIs are classified as mild (mTBI) and are often referred to as concussions.(2, 

3) Improper management of concussions may lead to long-term consequences.(4–7) 

Individuals with a history of concussion are more likely to sustain a second concussion, and 

there are cumulative effects associated with multiple injuries.(8, 9) Repeated concussions 

can result in permanent injury or even death.(8, 10–14) If athletes with concussions are 

diagnosed and managed appropriately, most recover fully.(3, 13, 15, 16)

Concussion consensus statements recommend that any child who suffers a concussion be 

removed from play immediately and not return that day to prevent repeated concussions and 

more severe brain injury.(15–18) A first step towards prevention of secondary injuries and 

complications is to provide concussion education on the signs and symptoms of injury to 

improve recognition of injury by athletes, parents, and coaches. All states have passed 

legislation requiring coaches, parents, and, on occasion, athletes, to receive concussion 

education. Through the “Heads Up” program, developed by the Centers for Disease Control 

and Prevention (CDC), education provided to parents, coaches, and physicians has improved 

knowledge of concussion signs and symptoms and improved prevention and management 

practices;(19–21) however, legislation targeted at coaches is unlikely to lead to changes in 

athlete attitudes on reporting concussion.(22)

In general, athletes underreport concussions.(23–29) The most common reasons for not 

reporting are athletes did not realize they suffered a concussion, athletes did not think the 

injury was serious enough to warrant medical attention and believe the injury posed little 

danger to them, motivation not to be withheld from competition, and lack of awareness in 

general about concussions, thus highlighting the importance of providing concussion 

education to adolescent athletes.(24, 28, 30) Currently, there is a paucity of research related 

to the impact of education on reporting of concussions and removing oneself from athletic 

participation. In a cross-sectional survey of high school athletes, better knowledge about 

concussion was associated with better reporting of concussion symptoms.(31) Another study 

of high school soccer players provided with education on concussion reported that they were 

more likely to report their concussion to a coach or athletic trainer; however, limitations to 

this study were the small sample size (n=60), evaluation of only high school soccer athletes, 
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and it did not examine the actual injury reporting rates.(32) Little prior work has evaluated 

whether adolescent athletes who receive preseason education about concussions retain this 

information at the end of the season or whether attitudes about reporting concussions change 

with education.

Since many states recommend providing pre-season education to student athletes about 

concussion, the objective of this study was to assess whether a brief, preseason, didactic 

education program would improve adolescents’ knowledge about concussion signs and 

symptoms, their attitudes toward reporting concussions, and their reporting of concussion 

symptoms during the season. We hypothesized that preseason education would lead to better 

knowledge and self-reported attitudes and better reporting of concussion symptoms during 

the season compared to a control group.

Methods

Design

This was a community-based cohort study of high school athletes followed over the course 

of one sports season that received concussion-specific educational compared to a control 

cohort. Institutional review board (IRB) approval was obtained prior to initiation of the 

study.

Participants

Participants were recruited from two large, public suburban high schools in Cincinnati, OH 

that are part of the same school district as previously described (33). This particular school 

district was approached for participation because the district included two, relatively large, 

high schools of similar size and demographics for comparison. One school was arbitrarily 

designated by the research team as the education school and the other as the comparison 

school. Each participating high school had an enrollment of approximately 2,500 students. 

The racial and ethnic composition of the participating schools was 74.5% White/non-

Hispanic, 10.3% Black, 5.9% Asian or Pacific Islander, 4.8% Hispanic, 4.4% Multiracial, 

and 0.2% American Indian or Alaskan Native (33, 34). Recruitment was done during fall 

and winter sports preseason training from August through December of 2012 as previously 

described (33). Sports included football (boys only), soccer (boys and girls), basketball 

(boys and girls), and wrestling (boys and girls [1 female participant]). A letter describing the 

study was provided to each participant and his/her parent or guardian. The participants and 

their parents were given the option to decline participation by returning an opt-out form. If 

the opt-out form was not returned, consent was implied and participating athletes were 

enrolled. The need for signed consent was waived by the IRB. Participants were excluded if 

the opt-out form was returned or if they were absent the day of the educational session.

Measures

As previously described (33), a questionnaire was developed to assess an athlete’s 

knowledge of concussion and attitudes / behaviors about their willingness to report or stop 

activity after sustaining a concussion and other injuries during play. The knowledge-based 

questions were true/false and queried about the definition of a concussion, symptoms, 
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typical course of recovery, and current recommendations for return to activities. The self-

reported behavior and attitudes questions consisted of statements that participants answered 

using choices of never, sometimes, or always. Correct answers on the behavior question 

were either “never” or “always” depending on the wording of the question. “Sometimes” 

was given as a distractor choice to capture participants that may not endorse “always” or 

“never” in each situation. Questions for this instrument were adapted from the CDC heads 

up program(20), questions used in a previous study evaluating concussion knowledge and 

preventative practices in soccer players (32), and a concussion knowledge questionnaire 

used in the state of Arizona to assess concussion knowledge of all high school athletes.(35) 

The knowledge-based questions consisted of 13 true/false concussion symptom statements 

and 12 additional questions (25 total knowledge-based questions), and the behavioral/

attitudes section consisted of 11 questions. The survey was written at a 6th grade level. The 

questionnaire was developed through input by a group of physicians and athletic trainers 

who care clinically for children after concussions. The questionnaire was also given, in a 

group setting, to one high school football team that was not involved in the current study 

after practice to ensure question clarity, ease of completion, and comfort with responding. 

The athletes did not report problems with understanding or answering the questions; 

therefore, no changes were made to the questionnaire based on feedback from this group of 

athletes.

The two outcomes assessed were changes in scores on knowledge and self-reported 

behaviors and attitudes questions at the end of the season and concussion symptom reporting 

behaviors during the season. Concussion reporting behaviors were measured by an end of 

the season questionnaire where participants were asked if they developed symptoms of 

concussion or were diagnosed with a concussion during the season by their athletic trainer or 

other healthcare provided and if they continued playing or returned to play before their 

symptoms resolved. Questions about demographics, previous education about concussions, 

and prior history of concussion were also included in the data collection.

Study Procedures

The survey was administered by the study research coordinator (C.S.) during the preseason 

of the respective sport for all participants, immediately after the education intervention in 

the educational school, and at the end of the season for both schools. All survey questions 

were completed with paper and pencil, and results were entered into a secure, de-identified, 

database. Both groups also received baseline computerized neuropsychological testing. The 

neuropsychological testing was not used as an outcome but was included as an incentive for 

participation. Through consultation with each school’s athletic trainer, questionnaires were 

administered at a convenient time during the preseason after cuts had been made. The 

questionnaire was distributed by the study’s research coordinator during a break in each 

team’s preseason training. The research coordinator was available to answer participant 

questions about the survey.

In the education school, the research coordinator provided a 20 minute educational lecture to 

participants immediately after they completed the preseason survey. The educational 

intervention was designed to be similar in nature to educational programs commonly being 
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used to comply with the requirement of providing pre-season concussion education to 

student athletes. The lecture included content on the definition of concussion, signs and 

symptoms associated with concussions, current concussion guidelines, and return to play 

recommendations based on prior concussion consensus statements.(17, 36) The lecture also 

included information on the risk of second impact syndrome and potential chronic problems 

that could develop after concussion. The educational content in the lecture was tailored to 

information needed to answer knowledge and attitude survey questions correctly. The 

educational lecture was delivered as a scripted PowerPoint lecture in a classroom setting and 

limited to groups of 20–30 participants. Throughout and after the lecture there were 

opportunities for participants to ask questions about the information presented. After the 

lecture, the educational school participants completed an immediate post-education survey 

and returned it to the research coordinator.

Some potential participants may have been absent or unavailable during the testing. In 

accordance with IRB approval, information on these potential participants is not available 

because the study team was blinded to identifiable information of participants who did not 

complete the initial survey. Demographics are only available for individuals that completed 

the survey at baseline and follow-up. All surveys were anonymous. A master log was 

created of participants that completed the questionnaire to ensure that individuals that 

participated in more than one sport (e.g., football and wrestling) did not complete the survey 

twice (e.g., once during their fall sport and once during their winter sport). Additionally, the 

master log was used to assist the athletic trainers at each school with identification of 

participants that needed to complete postseason testing. In consultation with each school’s 

athletic trainer, postseason testing was completed for all sports involved. We attempted to 

complete all postseason testing on one day for each team involved in the study; however, 

additional testing days were scheduled as needed to capture as many participants as possible.

Analysis

Descriptive statistics were used to characterize the baseline demographics of the population, 

prior concussion education, and results of the questionnaire. T-test and Chi Square analysis 

was used to compare descriptive variables between the education and control school. 

Repeated measures analysis using the Statistical Analysis System (SAS) mixed model 

procedure was used to compare postseason knowledge and behavior and attitudes scores 

between schools. Both unadjusted and adjusted models were evaluated. Independent 

variables included in the unadjusted models were school (education or control school), 

timing of survey (preseason or postseason), and the interaction term of timing of survey and 

school. The timing of survey and school interaction term was the primary variable of interest 

to evaluate for differences between schools at the end of the season on the survey questions. 

In addition to the variables used in the unadjusted models, adjusted models were developed 

that controlled for age, gender, sport, and history of prior concussion education. Chi-square 

analysis was used to compare the proportion of participants between the education and 

control groups who developed symptoms of concussion during the season and continued 

playing and reported being diagnosed with a concussion during season and returned to play 

before symptoms resolved. A p-value of <0.05 was used to define statistical significance.
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Results

Participant demographics

There were 234 participants who completed the preseason questionnaire in the education 

school and 262 in the control school. No potential participants returned the opt-out form. 

Demographic characteristics of the participants are presented in Table 1. More participants 

in the education school were male (82.91% versus 75.52%). The mean age was similar 

between the two schools (15.38 versus 15.46 years). The majority of participants played 

football, with a slightly higher percentage of participants playing football (47.55% versus 

38.55%) and lower proportion playing basketball in the education school (13.25% versus 

22.14%). More participants in the control school reported being taught about concussions 

previously (78.24% versus 35.90%).

In the education school, 232 (99.1%) participants completed the immediate post-education 

questionnaire, and 167 (71.4%) participants completed the postseason questionnaire. In the 

control school, 222 (84.7%) participants completed the postseason questionnaire. There was 

no difference in those that completed the postseason questionnaire compared to the 

preseason questionnaire in terms of age (15.4[SD 1.2] versus 15.4[SD 1.2] years). A higher 

percentage of females completed the postseason questionnaire than males (90.2% versus 

75.0%).

Questionnaire results

Individual questions on the survey and the percentage of participants answering each 

question correctly can be found in Table 2. The mean overall (combined knowledge and 

self-reported attitudes and behavior questions), knowledge-based, and behavior-based 

percent correct scores on the preseason, immediate post-education, and postseason 

questionnaires are depicted in Figures 1, 2, and 3. Total score, knowledge-based and 

behavior-based scores increased immediately post-education and then dissipated over time. 

Unadjusted and adjusted linear mixed models showed similar results, so only the adjusted 

models are reported. Total scores on all (p<.0001), knowledge-based (p=.02), and 

behavioral-based (p<.0001) questions demonstrated statistically significant improvement in 

the education group postseason compared to preseason (Table 3). However, immediate 

increases in scores dissipated over time.

Concussion reporting and diagnosis during the season

In the education school and control school 43/167 (26%) and 77/222 (35%) participants, 

respectively, reported that they were hit in the head or body during the season and 

experienced a headache, dizziness, or confusion. Of the individuals reporting these 

symptoms, there were fewer athletes in the education school 31/43 (72%) than the control 

school 68/77 (88%) that reported they continued playing (Chi-Square 5.03, p=.03). In the 

education and control school, 11/167 (7%) and 13/222 (6%) participants, respectively, 

reported they were diagnosed with a concussion by an athletic trainer or other health care 

provider. Of the individuals diagnosed with concussion, a similar number in the education 

3/11 (27%) and control schools 3/13 (23%) reported returning to play before their symptoms 

had resolved (Chi-Square = .06, p=.81).
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Discussion

Our findings indicate that a brief, preseason didactic-based concussion educational session 

likely has minimal benefits. Statistical improvement was noted on a concussion knowledge 

and self-reported behavior / attitudes survey at the end of the season; however, gains were of 

the highest magnitude immediately post-education and then declined over time. Although 

athletes in the education school were more likely to stop playing if they experienced 

symptoms of concussion compared to a control school, a large number, almost 75%, of 

athletes in the education school reported that they continued to play despite noting 

symptoms of concussion. Additionally, approximately 25% of participants that were 

diagnosed with a concussion during the season in each group reported that they returned to 

play while still having symptoms. These findings suggest that a didactic preseason 

concussion education likely has minimal benefits. The effects of the education decline over 

the season and it is relatively common for student athletes to continue playing through 

concussion symptoms and to return to play before symptoms resolve. These findings suggest 

that other factors besides knowledge are likely influencing student-athlete reporting 

behavior.

With many states requiring student athletes to participate in concussion education prior to 

sport participation, these findings highlight some of the potential challenges to developing 

and implementing such programs. Our findings are in agreement with prior research that 

athletes under report concussion symptoms and many cleared athletes underreport 

concussion symptoms.(37, 38) Kroshush et al. also found that use of publically available 

concussion education videos and an informational handout did not significantly change 

reporting behaviors and reporting behaviors potentially worsened over time.(39) 

Implementation of these programs may have benefits for knowledge and self-reported 

behaviors, but that these benefits decline over time.

There are likely a wide variety of factors that influence concussion symptom reporting in 

athletes, including knowledge and attitudes, internal pressure, concussion history, external 

pressure and support, perceived outcomes, perceived norms, access to concussion education 

materials, sports culture, and policies or legislation.(40–42) Improvement in knowledge and 

attitudes is one aspect that may influence concussion reporting; however, there is a need to 

develop theory-drive concussion education materials that focus on behavior change and 

target psychosocial constructs that increase reporting intention.(39, 43) Setting up a culture 

that emphasizes the importance of reporting concussion and belief that concussions are 

serious is needed to develop a safe environment for athletes.(44) Future interventions should 

be developed that focus not only on improving knowledge and attitudes of athletes but also 

coaches and parents.(45) Improving coach approachability and communication of coaches 

with athletes about concussion might be a step towards improving the reporting 

environment.(46)

Our study used a lecture-based format to educate athletes about concussions that is similar to 

education programs being implemented in many states and further questions the 

effectiveness of these programs.(47) There were significant improvements in the education 

school compared to the control school on knowledge and self-reported behaviors, despite the 
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control school reporting more concussion education at baseline. However, although there 

were mean improvements in knowledge and self-reported behaviors at the end of the season 

in the education school, it is highly concerning that almost half of the education school 

participants still reported that they would continue playing if they were exhibiting symptoms 

of a concussion. Determining the optimal format for delivering educational content to 

maximize retention and optimize behaviors will be critical.(48) Health behavior change 

theories used in other areas of health education should be considered for use in concussion 

education to promote behavior change.(49)

Many athletes in our study reported receiving education on concussion from a variety of 

sources (parents, coaches, trainers, physicians, and school personnel) at baseline. In adjusted 

models, prior education was not associated with outcomes. Misconception about concussion 

by parents, may lead to poor information being passed down to student-athletes;(50) 

therefore, education of parents, coaches, and school staff may help to improve education 

about concussion. Because there are a variety of individuals across various settings who 

provide education on concussion to athletes, concerted efforts to arm a number of 

individuals with the skills to influence concussion-related behavior change is needed. 

Through the CDC Heads Up: Concussion program and other local, regional, and state 

programs, there are resources for parents, clinicians, coaches, and school staff addressing 

this need.(19, 20, 51–53) However, the impact of these programs on actual concussion 

reporting behaviors needs to be evaluated.

Limitations

Participants were from one large public school district in the suburbs of Cincinnati, OH, 

therefore, generalization to other schools locally, regionally or nationally should be 

considered cautiously. Additionally, athletic trainers were present at each school, thus 

findings may not generalize to schools without athletic trainers. Conclusions regarding 

athlete’s participating in spring sports such as baseball, softball, and lacrosse are not 

possible based on this study. We were unable to determine the nature and extent of 

education received by individuals previously. The type and characteristics of prior education 

provided may influence how student athletes responded to the educational intervention. 

Additionally, because coaches’ knowledge, attitudes, and behaviors were not assessed, the 

influence of these factors in coaches on athletes’ knowledge, attitudes, and behaviors could 

not be evaluated. The study population also consisted of primarily males and a higher 

percentage of females completed the postseason questionnaire, thus potentially biasing the 

findings. Furthermore, the education program content was tailored to the survey questions 

used in the study. Although the survey questions were adapted from prior questionnaires 

commonly used to assess concussion knowledge and behaviors, its external validated and 

reliability has not been formally assessed. Additionally, since the study focused on self-

reported behaviors, there is the potential of recall and reporting bias.

Conclusions

Our findings indicate that a lecture-based, preseason concussion education program 

provided to adolescent athletes likely has minimal benefits. There are immediate 

improvements in knowledge and self-reported behaviors, but these benefits decline over 
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time. Future research needs to elucidate the optimal frequency and type of education that 

will have a significant impact on concussion reporting behavior in student athletes, 

especially when concussion symptoms are self-identified. Educational programs that are 

developed using a theoretical basis for changing or adopting a behavior are needed; 

however, the feasibility of implementing these programs broadly is unclear. A focus on 

changing the culture of concussion reporting is likely needed as well.
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Figure 1. Mean percent of All Questions Correct
The control group did not receive education, so there are no immediate post education 

results for this group. Error bars represent standard deviations.
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Figure 2. Mean Percent of Knowledge-Based Questions Correct
The control group did not receive education, so there are no immediate post education 

results for this group. Error bars represent standard deviations.
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Figure 3. Mean Percent of Behavior and Attitude Questions Correct
The control group did not receive education, so there are no immediate post education 

results for this group. Error bars represent standard deviations.
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Table 1

Baseline characteristics of study participants

Demographics: n(%)
Education School

n=234(47.18%)
Control School
n=262(52.82%)

Male* 194 (82.91) 190 (75.52)

Age

13 Years 6(2.56) 4(1.53)

14 Years 51(21.79) 64(24.43)

15 Years 73(31.20) 74(28.24)

16 Years 60(25.64) 54(20.61)

17 Years 41(17.52) 59(22.52)

18 Years 3(1.28) 7(2.67)

Sport**

Football 111 (47.55) 101 (38.55)

Soccer 57 (24.36) 66 (25.19)

Wrestling 35 (14.96) 37 (14.12)

Basketball 31 (13.25) 58 (22.14)

Season of Sport

Fall 168 (71.79) 167 (63.74)

Grade Level

9th grade 71(30.34) 81 (30.92)

10th grade 63 (26.92) 76(29.01)

11th grade 60 (25.64) 47(17.94)

12th grade 40 (17.09) 58 (22.14)

History of Prior Concussion 62 (26.50) 54 (20.61)

  If yes, how many concussion have you had?

1 42 (17.95) 42 (16.03)

2 12 (5.13) 9(3.44)

>3 6(2.53) 3 (1.14)

Taught about concussions* 84 (35.90%) 205 (78.24)

  Source of concussion education***

Family 31(13.25) 77(29.39)

School 31(13.25) 104(39.69)

Coach 26(11.11) 84(32.06)

Athletic Trainer 29(12.39) 121(46.18)
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Demographics: n(%)
Education School

n=234(47.18%)
Control School
n=262(52.82%)

Doctor 50(21.37) 103(39.31)

Other 7(2.99) 6(2.29)

*
Significant difference between education and control schools p<0.01

**
Significant difference between education and control schools p<0.05

***
Athletes could choose more than one option, so numbers are >100%
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