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Abstract
Undiagnosed concussions increase risk of additional injuries and can prolong recovery. Because of the difficulties recognizing 
concussive symptoms, concussion education must specifically target improving athlete concussion reporting. Many concussion 
education programs are designed without significant input from athletes, resulting in a less enjoyable athlete experience, with 
potential implications on program efficacy. Athlete enjoyment of previous concussion education programs moderates the 
improvement in concussion-reporting intention after experiencing the research version of CrashCourse (CC) concussion 
education. Prospective cohort study. Level of evidence: Level IV. Quantitative assessment utilizing ANOVA with moderation 
analysis of 173 male high school football players, aged 13 to 17, who completed baseline assessments of concussion knowledge, 
concussion reporting, and attitudes about prior educational interventions. Athletes were subsequently shown CC, before a 
follow-up assessment was administered assessing the same domains. At baseline, only 58.5% of athletes reported that they 
enjoyed their previous concussion education. After CC, athletes were significantly more likely to endorse that they would 
report a suspected concussion (from 69.3% of athletes to 85.6%; P < .01). Enjoyment of previous concussion education 
moderated concussion-reporting intention after CC (P = .02), with CC having a greater effect on concussion-reporting 
intention in athletes with low enjoyment of previous concussion education (b = 0.21, P = .02), than on individuals with high 
enjoyment of previous concussion education (P = .99). Enjoyment of CC did not have a moderating effect on concussion-
reporting intention. Athletes who previously did not enjoy concussion education exhibited greater gains in concussion-
reporting intention than athletes who enjoyed previous education. Given the potential risks associated with undiagnosed 
concussions, concussion education has sought to improve concussion reporting. Because most athletes participate in 
concussion education programs due to league or state mandates, improving concussion-reporting intention in these low-
enjoyment athletes is of particular relevance to improving concussion-reporting intention broadly.
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Original Research

What do we already know about this topic?
Millions of concussions remain undiagnosed, representing a significant public health issue that can be addressed by  
targeted education.

How does your research contribute to the field?
Improving understanding of the factors relevant to concussion reporting can help inform and improve concussion educa-
tional programs.

What are your research’s implications toward theory, practice, or policy?
The present study reports the first examination of the role that educational enjoyment plays on concussion reporting 
intention, which can be used to develop and assess educational programs.
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Introduction

Although there are an estimated 1.1 to 1.9 million concus-
sions annually in children 18 years or younger, the majority 
of concussions are thought to remain undiagnosed.1-5 These 
undiagnosed concussions represent a significant public 
health issue, as there is a substantial risk of subsequent and/
or prolonged injury associated with continued play after a 
concussion.6-8 The majority of concussions are limited to 
acute symptoms that resolve in days or weeks; however, seri-
ous acute and chronic neurological consequences are possi-
ble, especially when repeated untreated concussions occur 
because an athlete continues to engage in high impact 
activities.9-11

Unfortunately, despite these risks, athletes continue to 
underreport and play through concussions.10,12 Concussion 
education has sought to target concussion reporting to 
address these issues.13 Improving athlete reporting of con-
cussions is particularly important because the signs of con-
cussions are often difficult to observe, particularly during an 
often chaotic game environment.2 To change concussion 
reporting outcomes requires an environment of behavioral 
expectation that rewards early and appropriate reporting. It 
has also been suggested that education administered at a sin-
gle time-point may be insufficient to generate long-standing 
behavior change; encouraging perennial conversations about 
concussion may result in more meaningful and long-lasting 
improvements in concussion reporting.14

Several studies have examined the relationship between 
concussion education and concussion-reporting intention, 
utilizing theories of behavior change.4,15,16 Specifically, these 
studies have sought to apply a theoretical framework, gleaned 
from other health disciplines, to identify the factors most 
proximally related to behavior change. Although these con-
structs provide useful targets to maximize changes in health 
behaviors, a learner’s degree of positive engagement with an 
educational program likely exerts direct influence on these 
constructs. In other contexts, studies have sought to identify 
the relationship between enjoyment and behavior change.17-20 

To date, factors related to engagement in the educational 
activity, including enjoyment, have not been evaluated as a 
factor influencing behavior change in the context of concus-
sion education. In the context of concussion, the role of 
educational enjoyment is likely more significant, as most 
learners experience education due to mandate, either as a 
result of league rules or state laws.21,22

In November 2018, a free video-based concussion edu-
cation program called CrashCourse (CC) was released by 
the 501(c)3 nonprofit TeachAids. This program has been 
adopted by the majority of youth football organizations (eg, 
USA Football, American Youth Football and Pop Warner), 
various USA Olympic Committee Partnerships (eg, USA 
Speedskating, USA Field Hockey, USA Wrestling), several 
medical organizations (eg, Brain Injury Association of 
America, Lucile Packard Children’s Hospital Stanford) and 
high school partnerships (eg, state high school athletic asso-
ciations of North Carolina and Arkansas).23 Recently, a ran-
domized clinical trial evaluated 118 athletes who received 
either CC or 1 of the 2 most commonly used concussion 
education programs, video and written materials provided 
by the Centers for Disease Control (CDC). This study found 
that the 40 athletes randomized to CC reported greater intent 
to report concussion, more knowledge, and improved con-
cussion-reporting attitudes, when compared to CDC video 
and written materials.24 However, the reason for this effi-
cacy is unclear.

The present study sought to further evaluate the factors 
related to concussion-reporting intention, specifically focus-
ing on enjoyment of the education module. Specifically, the 
study examined how athlete enjoyment of previous educa-
tion programs, and enjoyment of the CC curriculum, influ-
enced changes in concussion-reporting intention. Enjoyment 
was defined based on whether or not the athlete reported they 
“liked” each of the respective education programs. This 
study also assessed athlete’s enjoyment of the educational 
curriculum, by looking at their perceptions of the value of the 
education, as well as their stated interest in sharing this edu-
cation with others. To address these questions, the present 
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study enrolled a larger group of participants than the previ-
ous CC study, with single cohort design.

Methods

Participants and Design

Participants were 181 football players from 5 California 
high schools, recruited through each school’s football 
coach. Educational sessions took place either before or 
after a practice in a group setting. All participants com-
pleted a baseline study assessment, then CC education, fol-
lowed immediately by a follow-up assessment, between 
May and June 2018. Assessments were conducted on per-
sonal devices and education was shown on a large screen, 
unlike in prior work where the educational interventions 
were also administered on personal devices.24 Participants 
were included in the study if they were present on the study 
date and provided assent for the study. The study was dis-
cussed with the Stanford University IRB Manager and was 
determined to not require IRB review. Of 181 athletes 
enrolled in the study, 8 did not complete the follow-up 
study assessment, and were thus not included in the present 
analysis. Study funding was provided by Taube Stanford 
Concussion Collaborative with Lucile Packard Children’s 
Hospital Stanford. Funding agency was not involved with 
data acquisition, data analysis, or reporting.

Educational Intervention

CC was informed by user-centered formative design 
research studies and created via an iterative process incor-
porating feedback from various stakeholders, including 
clinicians, coaches, and athletes. The research version of 
the curriculum, which preceded the launch version, was 
utilized for the present study. The curriculum consists of a 
12-minute video-based educational program which incor-
porates first and third-person experiential perspectives. 
The program specifically aims to teach concussion signs 
and symptoms, correct myths and misconceptions, inform 
athletes about the seriousness of reporting, and convey the 
value of clinical management to maximize improvement 
following a concussion. CC integrates these topics to max-
imize engagement and enthusiasm for the curriculum by 
placing learners in a simulation of a real-life, high-stakes 
sports scenario with guidance by near-peer Division I col-
legiate football athletes.23

Outcome Measures

All participants completed a brief demographic survey con-
sisting of age, sex, grade, race/ethnicity, previous concussion 
history in self and family/friends, and duration of football 
career. Participants were then asked a series of questions 
to assess key reporting behaviors, both before and after 

receiving education: specifically whether they “would tell 
anyone if [they] thought [they] had a concussion” (on a 
3-point Likert scale of definitely/maybe/definitely not), and 
whether they “would continue playing if [they] thought 
[they] had a concussion” (on a binary yes/no scale) specifi-
cally at 5 key timepoints during the season (ie, beginning of 
season, practice, middle of season, championship game, and 
end of season). At baseline, they were also asked whether 
they received previous concussion education (yes/no) and, if 
so, the format of the previous education (ie, PDF, poster, 
video, PowerPoint, lecture, other), as well as an open-ended 
question to assess whether they “liked the concussion educa-
tion.” At follow-up, they were asked an open-ended question 
to assess whether they “liked the overall experience of 
watching the video.” Enjoyment was ascertained via review 
of these open ended questions by 2 researchers, who inde-
pendently categorized responses on a 3-point Likert scale 
(“did not like,” “neutral,” and “liked”) and any discrepancies 
were resolved via discussion. They were also asked whether 
they were “confident in [their] knowledge about concus-
sions,” on a 5-point Likert scale. Because attitudes regarding 
the CC curricula were of particular interest, athletes were 
also asked at follow-up whether they “feel other high school 
athletes would learn from this program,” whether they 
“learn[ed] more about concussion safety through this video 
than previous concussion education,” whether they would 
“forward this video to others [they] care about” (all on binary 
yes/no scales), and, if so, “whom would [they] want to share 
it with” (checkboxes including a “teammate,” “friend,” 
“parent,” “sibling,” “teacher,” and “someone else”).

Statistical Design

For the primary outcome, simple moderation analysis was 
performed to assess whether enjoyment of concussion edu-
cation, both prior to receiving CC and after receiving CC, 
had a moderating effect on concussion-reporting intention. 
Specifically, if R represents concussion-reporting intention, 
b0 represents the intercept, b1 represents the regression 
weight for R, E represents enthusiasm for concussion educa-
tion, and e represents error,

R b b E ep t t t p p t, , , ,= + +0 1

represents a model of concussion-reporting intention moder-
ated by enthusiasm, for a given participant p and timepoint t. 
The difference in concussion-reporting intention between 
follow-up and baseline, can therefore be shown as:

R R b b b b E e e

R b b E

p p p p p

p D D p

, , , , , , , ,

, ,

2 1 0 2 0 1 1 2 11 2 1
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where D represents the difference between follow-up and 
baseline. For instances with no moderating effect of enthu-
siasm (E), the follow-up intercept (b1,2) would equal the 
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baseline intercept (b1,1), resulting in a difference of intercepts 
(b1,D) equal to zero. Conversely, for intercept (b) 95%  
confidence intervals that do not include zero, there must be a 
moderating effect of enthusiasm on concussion-reporting 
intention. These tests were conducted using the MEMORE 
macro for SPSS.25 Because of the study’s non-parametric 
repeated-measures design, McNemar test was used to assess 
changes from baseline to follow-up for all binary variables. 
For the same reason, Sign test was used to assess changes 
from baseline to follow-up for all ordinal variables. 
Bonferroni corrections were applied to all secondary analy-
ses to account for multiple comparisons. All analyses were 
conducted with IBM SPSS Statistics Version 20.0 or R 
Version 3.6.

Results

Sample characteristics are shown in Table 1. A total of  
173 male high school football players, aged 13 to 17 
(mean = 15.6, SD = 1.1), participated in the present study. 
Of these 61 participants (33.9%) reported Hispanic eth-
nicity. The 12 participants (6.7%) identified as African 
American/Black, 32 participants (17.8%) identified as 
Asian/Pacific Islander, 2 participants (1.1%) identified as 
Native American, 61 participants (33.9%) identified as 
White, and 12 participants (6.7%) identified as Other. 
Participants had played football for 0 to 12 years (mean = 3.5, 
SD = 3.5). About 46 participants (25.6%) reported that they 
had experienced a previous concussion, while 30 partici-
pants (16.7%) were unsure. A total of 146 participants 
(81.1%) reported that they had a friend or relative who 
experienced a previous concussion. About 115 participants 
(63.9%) reported that they had been given concussion edu-
cation in the past. For athletes who had experienced con-
cussion education previously, the format of the previous 
education included a PDF for 5 athletes, poster for 10  
athletes, video for 69 athletes, PowerPoint for 8 athletes, 
lecture for 72 athletes, and other for 6 athletes.

At baseline, 58.5% of athletes reported that they enjoyed 
their previous concussion education. After CC, 87.9% of 
athletes reported that they enjoyed CC (P < .01). There were 
no significant differences in enjoyment, of previous educa-
tion or CC, and demographic variables including age, race, 
duration of football exposure, or previous concussion his-
tory (all P > .05). There were also no significant differences 
in enjoyment of previous education and the format of the 
previous education (PDF P = .84; poster P = .84; video 
P = .86; PowerPoint 0.68; lecture P = .37; other P = .25). The 
number of athletes who responded that they would report a 
suspected concussion increased from 69.3% to 85.6% after 
CC (P < .01). Enjoyment of previous concussion education 
moderated concussion-reporting intention (P = .02), with 
CC having a significant effect on concussion reporting in 
athletes with low initial enjoyment of previous concussion 
education (b = 0.21, P = .02), but not on individuals with 
high initial enjoyment of concussion education (P = .99; 
Figures 1A and 2A). Further examination found that enjoy-
ment of CC was not moderator of concussion-reporting 
intention (P = .38, Figures 1B and 2B).

The number of athletes who reported that they would play 
through a suspected concussion at the beginning of the sea-
son decreased following CC from 38.9% to 18.1% (P < .01), 
in practice decreased from 28.6% to 13.6% (P < .01), in the 
middle of the season decreased from 41.1% to 20.9% 
(P < .01), during a championship game decreased from 
74.9% to 39.8% (P < .01), and at the end of the season 
decreased from 50.8% to 33.9% (P < .01).

Athletes’ confidence in their knowledge about concussion 
on a 5-point Likert scale improved after CC from an average 
of 3.2 (SD = 0.96) to an average of 4.0 (SD = 0.66) after CC 
(P < .01). At follow-up, 97.2% of athletes responded that 
other high school athletes would learn from CC. The vast 
majority of athletes (90.1%) reported that they had learned 
more from CC compared to previous concussion education 
programs.

When asked whether they would share the CC curriculum 
with someone they care about, 74.3% indicated that they 
would. When asked about specific sharing modalities, 22.9% 
reported that they would share via email, 7.1% via Facebook, 
44.3% via Snapchat, 5.7%, via Twitter, 41.4% via text mes-
sage, and 4.3% via another modality. When asked with whom 
they would share the CC curriculum, 72.7% said they would 
share CC with a teammate, 66.7% said a friend, 33.3% said a 
parent, 37.9% said a sibling, 12.1% said a teacher, and 12.1% 
said someone else.

Discussion

Following CC concussion education, athletes in this study 
had both improved concussion-reporting intention and 
decreased intent to play through a suspected concussion. 
Because of the difficulty diagnosing concussion, com-
pounded by the potential significant negative sequelae of 

Table 1. Participant Demographic Information.

Age 15.6 (SD = 1.1)
Grade
 Freshman 29 (16.8%)
 Sophomore 38 (22.0%)
 Junior 65 (37.6%)
 Senior 41 (23.7%)
Duration of football 3.5 (SD = 3.5)
Race/ethnicity
 Hispanic 60 (34.7%)
 African American/Black 12 (6.9%)
 Asian/Pacific Islander 32 (18.5%)
 Native American 2 (1.2%)
 White 55 (31.8%)
 Other 12 (6.9%)
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Figure 1. The relationship between enjoyment of concussion education and concussion-reporting intention following CrashCourse: (A) 
enjoyment of previous education and (B) enjoyment of CrashCourse.

Figure 2. Modeling enjoyment as a moderator of concussion-reporting intention following CrashCourse. Enjoyment of previous 
education (Panel A) is a significant moderator of the observed change between baseline and follow-up concussion-reporting intention, 
whereas enjoyment of CrashCourse (Panel B) was not a moderator.
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undiagnosed concussion, any increase in concussion-report-
ing intention would have significant public health benefits. 
Of note, however, the differences were not only statistically 
significant but are also clinically relevant given the magni-
tude of change; the number of athletes who indicated that 
they would not report a concussion decreased by over half 
(from 30.7% to 14.4%). CC also significantly improved ath-
letes’ confidence in their knowledge about concussion, which 
is important given that an athlete’s knowledge plays a sig-
nificant role in their likelihood of reporting concussion.26

The data further substantiate the relationship between 
enjoyment and behavioral outcomes. Specifically, the extent 
to which athletes enjoyed their previous concussion educa-
tion had a direct moderating effect on their concussion-
reporting intention. Although there were significant 
improvements in concussion-reporting intention after CC 
across all athletes, the athletes who did not enjoy their previ-
ous concussion education programs had a significantly 
greater improvement in their concussion-reporting intention. 
The athletes who did not like their prior concussion educa-
tion, or who were neutral about it, were less likely to indicate 
that they would report a concussion before CC, but this dif-
ference did not persist after CC. Stated anew, athletes who 
disliked previous concussion education started with lower 
concussion-reporting intention than their concussion-educa-
tion liking peers, but achieved parity with their peers after 
CC. This effect was not simply driven by an athlete’s atti-
tudes about CC; whether an athlete enjoyed CC had no mod-
erating effect on his concussion-reporting intention. Taken 
as a whole, these findings show that CC results in greater 
improvements in an athlete’s intent to report a suspected con-
cussion in athletes who disliked previous concussion educa-
tion, regardless of feelings about CC. It is therefore, perhaps, 
unsurprising that 90.1% of athletes felt that they had learned 
more from CC as compared to previous concussion educa-
tional programs.

These findings are important as most athletes experience 
concussion education due to mandate from an athletic or 
legislative governing body. As a result, many athletes may 
approach the concussion learning environment with a predis-
position toward negative beliefs; an obligation is likely 
viewed as more intrusive than an activity an athlete chooses. 
The fact that CC preferentially improves concussion-report-
ing intention in the subset of athletes with negative attitudes 
about concussion education, regardless of their enjoyment of 
CC, is therefore important as this trend may reflect many 
athletes in the general population.

It is remarkable that nearly all athletes felt that their peers 
would learn from CC, and a significant majority indicated 
that they would share the CC curriculum with someone they 
care about. This interest in sharing concussion curricula is of 
critical importance, because a single time-point education is 
less likely to result in sustained behavioral change without 
altering an athlete’s perceived norms. Athletes are more 
likely to report a concussion if they feel their teammates 

would report a concussion.4,15 CC targets this construct 
directly with the use of near-peer educators during the mod-
ule, but when athletes share the CC curriculum afterwards, 
this promotes de novo conversations and more directly pro-
motes the belief that teammates would report suspected con-
cussions as well. It is, therefore, plausible, that the true effect 
of these conversations on changing concussion-reporting 
intention was not captured in the present study, which 
assessed athletes immediately after the education, and did 
not allow for the measurement of these organically emergent 
conversations. The present study did not collect personally 
identifiable information and therefore could not track athlete 
responses over time; however, identifying longitudinal 
effects would be a valuable future research question.

There are many reasons why CC may have these bold 
effects on concussion-reporting intention, several of which 
due to the CC development process. CC was developed with 
input from hundreds of athletes, to ensure that the education 
felt relevant to the learner, and addressed specific questions 
and misperceptions that athletes expressed.27 Additionally, 
by speaking directly to athletes, changes could be made to 
ensure the curriculum felt authentic, in terms of language, 
resonance, and relatability. Through similar dialogues with 
concussion experts, the information which public health and 
medical experts considered essential was also incorporated.27 
CC also incorporated insights from the learning sciences, uti-
lizing analogies and mnemonic devices to convey informa-
tion more readily to the athlete. The interactive aspects of CC 
may also confer an emotional salience to the subject matter 
and provide more realism to the module. Although CC was 
developed after the recent National Collegiate Athletic 
Association and Department of Defense Mind Matters 
Research & Education Grand Challenge consensus recom-
mendations, this development process incorporates many of 
the recommendations that resulted from this conference.28 It 
is not clear that this same moderating effect would persist 
with other educational formats, as this relationship has never 
previously been assessed.

Limitations

There are several limitations to the present study. Although 
athletes’ concussion-reporting intentions improved regard-
less of enjoyment of previous concussion education, the 
moderating effect of enjoyment on reporting intention may 
be in part due to a ceiling effect; the athletes who previously 
enjoyed education may have simply had less room to improve 
on their baseline concussion-reporting intention than athletes 
who previously did not enjoy their concussion education. 
Additionally, the study only examined effects immediately 
after the educational intervention; it is not clear how the 
observed effect on concussion-reporting intention would 
change with time. A longitudinal study would determine the 
resilience of the observed change in behavioral intention. 
The study also is potentially confounded by positive response 
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bias, namely that athletes might be more inclined to provide 
an answer that they feel is socially appropriate. However, 
respondents most at-risk of this bias would likely falsely 
indicate that they enjoyed previous concussion education, as 
well as that they would report concussion; the reported effect 
was actually that athletes who did not enjoy previous educa-
tion prior to CC reported greater changes in concussion-
reporting intention than other athletes. Additionally, although 
concussion-reporting intention is the most proximally related 
measure to true reporting, the present study does not measure 
reporting behavior directly. Finally, the reasons why prior 
education was not enjoyed, and duration since prior educa-
tion, were not directly assessed.

Conclusion

Athletes who experienced CC had significant improvement in 
concussion-reporting intention and confidence in their con-
cussion knowledge. Athletes who previously did not enjoy 
concussion education exhibited the greatest gains in concus-
sion-reporting intention, compared to athletes who enjoyed 
their previous education. Most athletes who participate in 
concussion education are required to participate as a result of 
league or state-wide mandate. As a result, improving concus-
sion-reporting intention in low-enjoyment athletes is of par-
ticular relevance to improving concussion-reporting intention 
for all athletes. Future research is necessary to understand the 
relationship between emotional and cognitive outcomes 
(enjoyment, knowledge) and behavioral outcomes (self effi-
cacy, hours of play), as well as the roles of race, ethnicity, 
gender, geography, and other SES factors as moderators of 
these outcomes.
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