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ABSTRACT: Sports-related concussions affect over 280,000 adolescents each year while the general public remains
ill-informed about concussions, signs/symptoms, and treatments. Adolescents may be at an increased risk for experiencing
adverse physiological and psychological effects from concussions, underscoring the critical need for effective concussion
education strategies. While mobile apps are increasingly being used in education and healthcare settings, none were found
to offer comprehensive concussion education capable of reaching diverse audiences. The interactive mobile app “Rebound:
Beating Concussions” has the potential to be an effective teaching tool for school athletic programs and medical profes-
sionals to communicate important concussion-related information to student athletes, parents, and sports coaches. A mixed
methods study was used to determine the app’s ability to convey information about concussions to student athletes in grades
5 through 12, parents of student athletes, and sports coaches. Concussion knowledge and participant opinions were assessed
via a pre/post model and administered before and after app use. Participants demonstrated knowledge gains in the identifica-
tion of concussion symptoms, treatments, and misconceptions. Additionally, participants demonstrated positive opinions on

the content of the app, its relevance to everyday life, and its potential as a teaching tool.

INTRODUCTION

Traumatic brain injury (TBI) is a widespread public health
problem with 1.6 to 3.8 million sports/recreation-related
concussions occurring each year (Daneshvar et al., 2011).
Adolescents account for the majority of sports-related con-
cussions (Halstead et al., 2018) with over 280,000 seeking
care in emergency departments annually (Sarmiento et al.,
2019). TBI can lead to emotional, physiologic, and cognitive
effects in children (CDC Traumatic Brain Injury) who may
be at an increased risk. Relative to adults, adolescents do
not have fully developed axon myelination specifically in the
temporal lobes. They also have thinner cranial bones, weaker
neck muscles, and immature brain autoregulation (Buzzini
and Guskiewicz, 2006; Sarmiento et al., 2019). Research in-
dicates that children with sports-related concussions experi-
ence longer recovery times than adults (Elbin et al., 2016).
Left untreated, concussions can have long-lasting effects.
Thus, proper diagnosis and treatment is critical for recovery.

Research findings from a Harris Poll Report (2015) sug-
gest that the general public is ill-informed about concus-

sions, and their signs/symptoms and treatments. It is estimat-
ed that 9 in 10 American adults could not correctly define a
concussion. Furthermore, 68% did not know that a concus-
sion can occur without a direct hit to the head. Most (79%)
did not believe or were uncertain that a concussion can be
cured and only 29% believe that concussions are treatable.
Additionally, about 1 in 2 understood that it is not necessary
to stay awake for 24 hours after getting a concussion, and
less than half understood the importance of limiting phys-
ical activity and not participating in competitive activities
until cleared (Harris Poll Report, 2015). It is also estimated
that 50% to 70% of concussions go unreported or undetect-
ed, due in part to the ‘culture of sports’ and poor awareness
of the signs and symptoms (Elbin et al., 2016). One study
found that only 40% to 45% of high school athletes reported
their sports-related concussion (Halstead et al., 2018). Clin-
ical guidelines recommend that if an athlete is suspected of
having a sports-related concussion, they should immediately
be removed from play to decrease the risk of repeat injury,
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including the rare but potentially fatal condition of second
impact syndrome. Yet, many athletes, parents and coaches
fail to fully recognize the signs of concussion or acknowl-
edge the dangers of playing with a concussion, compounded
by athletes who choose not to report symptoms out of fear of
being removed from participation, adding risk for prolonged
recovery or worse (CDC Facts for Coaches; Delaney et al.,
2015; Elbin et al., 2016; Wallace et al., 2017).

The Harris Poll Report (2015) highlighted the divide
between misconceptions about concussions combined with
competitive attitudes towards playing sports. About 25% of
parents surveyed would not let their children participate in
contact sports out of fear regarding concussions, while oth-
ers did not understand the risks of continuing to play sports
after sustaining a concussion. While 77% of the adults in-
dicated that an athlete should not return to play after sus-
taining a concussion, 71% felt that too often, athletes are
encouraged to keep playing right after injury. The level of
confusion is profound and clearly there is a need to provide
sound, evidence-based education about TBI, particularly
sports-related concussions for adolescents. We believe that
a narrative-based interactive app will be an engaging way to
communicate important information to a diverse audience.

A review of literature suggests that mobile apps can be
beneficial in educating and promoting healthy living. Apps
are being used in traditional educational settings to enhance
learning (e.g., science classroom) (Keeley et al., 2015; Teri
et al., 2014) as well as in clinical practice, where they can
aid patients and health professionals (Brown et al., 2015;
Gielen et al., 2015; Lee et al., 2015; Real et al., 2019; Roy
et al., 2017; Worthen-Chaudhari et al., 2017). The majority
of concussion-related apps that exist are practical applica-
tions geared towards medical personnel focused on symp-
tom recognition, diagnosis, and management (Davis et al.,
2015; Lee et al., 2015). While there is certainly a need for
digitized user-friendly concussion diagnostics, there is also
a need to provide educational resources for school athlet-
ic trainers, coaches/teachers, students/parents, and medical
professionals. Our approach is focused on the perspective
that student athletes, parents, and trainers/coaches can ben-
efit by developing an increased awareness and a better un-
derstanding of risks, symptoms, and treatment and recovery
from sports-related concussions. This is achieved through
BiblioTech™ “Rebound: Beating Concussions,” a narra-
tive-based app about sports-related concussions, that serves
as a learning tool for students/student athletes, as well as
parents and coaches.

BiblioTech™ “Rebound: Beating Concussions” is a free
10S/Android app for smart phones and tablets. Assessment
of the first app in the series, BiblioTech™ “CityHacks: In
Search of Sleep,” showed it to be an effective tool in teach-
ing both students and adults about the importance of sleep
and the science behind it (Kantorski et al., 2019). Informed

by that study, we applied the same platform and design to
“Rebound: Beating Concussions.” Geared towards 4th to 7th
grade reading levels for students in late elementary school
through early high school, we focused on concussion diag-
nosis, treatment, and recovery as depicted through a fictional
narrative, reading-based format. Aspects of the story address
fundamental principles about the biology of the brain and
nervous system, as well as sports injury and safety.

The “Rebound: Beating Concussions” narrative features
the fictional character of 9th-grader, Daniel Garcia, who is
trying to help his twin sister, Isabel, rejoin her basketball
team after she has suffered a concussion from an impact on
the court. Daniel must gather information about concussions
and share that information with his family and the basketball
coach, so his sister can safely return to the team. The app
contains a highly interactive “choose-your-own-adventure”
format; the user makes choices that affect the storyline, such
as deciding whether to visit a public library, a bike shop, or a
beach to look for information about concussions (Figure 1).
Throughout the story, users must collect information about
concussions and store it in a digital notebook via a “drag
and drop” mechanism (Figure 2). Users are then asked to
apply their notes in two assessments; first, in order to move
on to the second half of the story, and second, in order to
convince Isabel’s basketball coach that because she has fully
recovered from her concussion, it is safe for her to return
to play. Convincing the coach is a challenge because he be-
lieves commonly-held myths about concussions. If Daniel
successfully dispels the myths with science-backed facts,
then Isabel can play.

The story is supplemented with mini-games, quizzes,
diagrams and simulations, as well as video Q&A with an
athletic trainer. The interactive elements are designed to
support the content of the story. For example, one inter-
active is a simulation of the diagnostic tool, INPACT®, a

"Oh my, yes," said the
woman. "Concussions can
happen to anyone, young or
old." The woodpecker they
had been watching flew off to
another tree further into the
woods.

"Well, thanks for all the
concussion info, Ranger..." he
said.

"Now if you'll excuse me, I
have some woodpeckers to
spy on," she walked into the
bushes, her camera shutter
clicking.

] Public Library

"Ranger Finch," she said,
shaking his hand. "And you
are most welcome, young
man." She pulled out an
expensive-looking camera
from the depths of one of her
many pockets.
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Figure 1. Users select which locations Daniel visits throughout
the story.
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"A concussion is a type of
traumatic brain injury, and it
can be very dangerous," she
answered. Trainer Jen did a
few more tests and then
looked over the paper.

, Concussion: a type of
- traumatic brain injury

Main Menu

"Do I havea ...
concussion?" Isabel asked
with raised eyebrows.

"Well, it's too early to tell
for sure. But according to
these test results, it's not safe
for you to go back to practice.
In fact, I think it's best to head
to the ER," she said.

Table of Contents

Figure 2. Users drag and drop information and vocabulary
words into a digital notebook while reading. Some of these notes
are key to answering questions later in the narrative; allowing the
user to progress. Incorrect answers re-direct the user to further
opportunities to discover the correct information.

computer-based neurocognitive test that scores verbal and
visual memory, processing speed, and reaction time (Elbin et
al., 2016). Other interactive graphics highlight eye-tracking
deficits that can occur as a result of a concussion (Voelker,
2019; Zahid et al., 2018). Furthermore, users can adjust the
reading level of the text, using the Adaptive Reader™ fea-
ture (Figure 3), increasing or decreasing the reading level
depending on the users’ needs or interests (Kantorski et al.,
2019). With the Adaptive Reader™, the key vocabulary as
well as sentence structure is altered without changing the
narrative or the learning goals. In this way, the overall utility
of the app as a story is broadened to be inclusive for students
with differing reading proficiency, now able to access the
story and learn equally.

The storyline and content for “Rebound” was developed
in consultation with neuroscientists, medical doctors, a phys-
ical therapist, an athletic trainer, and adolescent concussion
patients. The content was advised and reviewed by experts
from the UPMC Sports Medicine Concussion Program, who
have contributed to a new understanding of concussions
and have also developed effective therapies (Collins et al.,
2014). What was previously considered to be one thing,
concussion is now recognized as a range of distinct chal-
lenges: cognitive/fatigue, vestibular, ocular, post-traumatic
migraine, cervical, and anxiety/mood (Broglio et al., 2015).
“Rebound: Beating Concussions” incorporates concepts of
these varied clinical manifestations into the narrative, while
providing insight into the unique therapies they require. The
app also integrates diagnostic tools into the storyline (Figure
4) (Lee et al., 2015), emphasizes the importance of involving
medical professionals in every step of concussion diagno-
sis, treatment, and return to physical activity, and adheres

Would you like to change
the reading difficulty?

Yes, make it easier.
No, keep it the same.

Yes, make it harder.

Figure 3. A screenshot from “Rebound” showing the prompt to
scale the reading level up, down, or keep it the same.

to recommendations put forth by the CDC Pediatric Mild
TBI Guideline (Lumba-Brown et al., 2018). Here, we show
that using the app significantly increases knowledge and un-
derstanding of concussion symptoms; increases knowledge
and understanding of what a concussion is and how it can be
treated; and dispels commonly-held misconceptions about
concussions. We discuss findings that demonstrate learning
outcomes in all three areas as well as likeability, relevance,
and potential for future implementation of the app in educa-
tional and pediatric health care settings.
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Figure 4. A still of the SCAT2 infographic that appears in the
story.
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METHODS

A mixed methods approach targeted three different pop-
ulations: student athletes, parents of student athletes, and
coaches of student athletes. In the study, both quantitative
data and qualitative data were collected. Quantitative data
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was generated from participants’ responses to content knowl-
edge-based questions related to concussions, as well as their
responses to opinion-based questions related to the function,
content, and usability of the app. Qualitative data was gener-
ated from participant interviews conducted via phone. This
combination of data helped to provide a well-rounded and
comprehensive understanding of the app’s impact on partic-
ipants’ knowledge of concussion-related content, as well as
their thoughts and opinions of the app itself.

Participant Demographics. Participants included student
athletes in grades 5-12, their parents, and coaches of middle
and high school sports teams. In total, 25 individuals partic-
ipated: 14 student athletes, seven parents, and four coach-
es. Table 1 details participant demographic makeup. Of the
parents who participated in the study, four parents had one
child who also participated in the study, while three parents
had multiple children who participated in the study. Each
coach represented different sports: one coached basketball
and baseball, one coached soccer, one coached kendo, and
one coached gymnastics. Study participants were recruited
via email, Facebook social media posts, and paper fliers dis-
tributed at youth sporting events and local gyms in Califor-
nia’s Central Valley, as well as the Greater Pittsburgh met-
ropolitan area.

Table 1. Participants by Gender and Ethnicity.

Student
Athletes

Parents All
Participants

Coaches

Male 3 8 7 18
Female 1 6 0 7
White/Caucasian 3 12 6 21
African American 0 2 1 3
Asian 1 0 0 1

Study Activities. The study instrumentation can be found
in Appendix A. Briefly, after the nature of the study was
explained to interested participants they were asked to sign
a consent form indicating their willingness to participate
and then took an online pre-test of demographic questions,
true/false statements related to concussion misconceptions,
questions on concussion-related terms and definitions, and
open-ended questions regarding the symptoms and treat-
ment of a concussion. Then they were instructed to down-
load the “Rebound: Beating Concussions” app, use the app,
and fill out a usage log. Most study participants (21 out of
25) filled out at least some portion of the usage log. Follow-
ing that they were asked to fill out an online post-test. All

study participants (N=25) completed the post-test and each
received a $30 Amazon gift card as compensation for their
time and feedback. A subset of participants (three coach-
es, three parents, and three student-athletes) were invited
to participate in short telephone interviews to gather more
in-depth information about the use and impact of the app
(all agreed). Interviews lasted between 15-30 minutes. Inter-
viewees were given an additional $10 Amazon gift card for
their participation.

Statistical Analysis. The resulting data from the pre- and
post-test instruments were analyzed via Excel and SPSS
software. Data comparing pre-post mean differences from
participants were analyzed via repeated measures t-tests.
Some open-ended survey responses were coded for themes
and then compared quantitatively, while other survey and in-
terview responses were organized by key takeaways.

RESULTS

We find that “Rebound: Beating Concussions” is an effective
learning tool, providing 1) increased knowledge and under-
standing of concussion symptoms, 2) increased knowledge
and understanding of what a concussion is and how it can
be treated, and 3) dispelling commonly-held misconceptions
about concussions. We also highlight key qualitative find-
ings concerning likeability of the app, its relevance to the
participants’ lives, and its potential applications.

Quantitative Assessment.

Understanding Concussion Symptoms. After using the
app, the data shows that the study participants were able to
list significantly more concussion symptoms than they had
prior to using the app, increasing the average number of
identified symptoms from 2 to 3 on the pre-test, to 3 to 4 on
the post-test (Figure 5). Study participants were significant-
ly more likely to identify symptoms such as nausea, being
off balance, and changes in mood after using the app. On
the pre-test, 25% of participants were able to identify nau-
sea as a possible concussion symptom, compared to 50%
of participants who were able to identify it on the post-test.
No one identified being off balance as a possible concussion
symptom on the pre-test, while 17% could on the post-test.
Increases were also seen in the number of participants who
were able to identify other symptoms, however these in-
creases were not significant. This may be due to the fact that
these symptoms are more commonly known and therefore
would be familiar to the participants before using the app.
Interestingly, symptoms categorized as “Other,” including
lack of appetite, ringing in ears, and difficulty sleeping, were
identified significantly less after using the app (Figure 5).

Understanding Concussion Treatments. In addition to
increased ability to identify possible concussion symptoms
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Percentage of Study Participants Who Identified the
Symptom Before and After Using the App

Headache

Dizziness

Nausea

Light Sensitivity

[ Before App Use

Eye Tracking .Aft Aop U
er App Use

Fatigue

Off Balance

Slow Reaction Time

Bump on Head

Mood Changes

Other$

0% 20% 40% 60% 80% 100%

Figure 5. Percentage of participants who identified possible
concussion symptoms on the pre-test and post-test. £*“Other”
includes lack of appetite, ringing in ears, and difficulty sleeping.
*Indicates a significant difference between pre- and post-testing.

after using the app, participants were also able to list sig-
nificantly more concussion treatments (Figure 6). On the
pre-test, on average, participants were able to identify only
one possible concussion treatment, while on the post-test,
participants were able to identify two possible treatments.
Furthermore, before using the app, only 13% of study par-
ticipants were able to identify brain rest as a possible con-
cussion treatment, while 42% of study participants were able
to identify it after using the app. One coach mentioned in a
phone interview that a key learning point for him was learn-
ing “if you suffer a concussion, that it’s best not to overwork
the brain and let it rest....” Few (8%) identified physical
therapy as a possible concussion treatment before using the
app, which increased to 33% of participants afterwards. No
one identified nutrition as a possible concussion treatment
on the pre-test, while 17% of participants mentioned it on
the post-test. A significant decrease was seen in the num-
ber of participants who identified medication as a possible
concussion treatment from 21% on the pre-test to 0% on
the post-test. This decrease may have been caused by the
intentional limited focus on medication as a treatment in the
narrative of the app.

Concussion Misconceptions. Study participants also

Percentage of Study Participants Who Identified the
Treatment Before and After Using the App

Brain Rest

Physical Therapy

[ Before App Use
Cognitive Therapy [l After App Use
Nutrition
Lying in Dark
Taking Meds
Other$
0% 20% 40% 60% 80% 100%

Figure 6. Percentage of participants who identified possible
concussion treatments on the pre-test and post-test. {“Other”
category includes the participant-generated responses of “get-
ting medical attention,” “going to the doctor,” “getting plenty
of fluids,” “quiet interactions,” and “I don’t know.” *Indicates a
significant difference between pre- and post-testing.

demonstrated an increased ability to recognize concussion
myths and misconceptions after using the app (Figure 7).
Significant differences between pre- and post-test scores
were observed in reference to participants’ vetting of five
concussion statements. For example, the statement, “You
can get a concussion without a direct hit to the head” was
correctly identified as being true by 54% on the pre-test,
increasing to 83%. We also found that 42% of participants
correctly identified the statement, “It’s not safe to go to sleep
after you get a concussion” as being false on the pre-test,
compared with 83% after. The statement, “There is no ma-
chine that can detect a concussion” was correctly identified
as being true by only 25% on the pre-test, while 71% correct-
ly identified the statement as true after reading the story. Re-
garding the statement, “A person with a concussion should
always stay in a quiet, dark room to recover” as being false,
46% were correct before reading the app, which increased
to 88% afterwards. One parent stated in a phone interview,
“The myths that were dispelled in the app were things that
I grew up knowing about...concussions.” For virtually all
concepts, participants exhibited an improved understanding,
though some were not significant. However, no difference
was observed between pre-test and post-test for the state-
ment, “Concussions only happen to people playing sports”
where 96% of study participants were able to correctly iden-
tify this statement as being false. The three non-significant
differences are likely due to participants’ already high levels
of understanding around the three statements (i.e., there was
less room for improvement). Most notably, before using the
app, study participants were able to correctly identify the ve-
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Percentage of Study Participants Who Correctly
Identified the Veracity of the Concussion
Statement Before and After Using the App

You can get a concussion without a
direct hit to the head - True

People with concussions always
black out - False

It's not safe to go to sleep after you
get a concussion - False

Concussions only happen to people 96%
playing sports - False

There is no machine that can detect
a concussion - True

There is more than one type of
concussion - True

Not everyone who has a concussion
has the same symptoms - True

A person with a concussion should
always stay in a quiet, dark room
to recover - False

Most people with concussions recover
In 1to 2 weeks - True

Athletes who continue to play sports
with a concussion take longer
to heal - True

1] 20 40 60 80 100
[ Before App Use
[ After App Use

Figure 7. Percentage of participants who correctly identified
statements about concussions as being true or false on the pre-test
and post-test. *Indicates a significant difference between pre- and
post-testing.

racity of 7 out of 10 concussion statements. After using the
app, study participants were able to correctly identify the
veracity of 9 out of 10 concussion statements, a significant
increase, t(23) = -3.582, p=.002.

One coach stated in a phone interview:

1 liked how they used the coach to introduce the myths
associated with concussions and have the main char-
acter overcome that...Before using the app, I wouldn t
have known any of this either, so I probably would
have been in a similar spot. I thought that was a nice
touch.

Quantitative data gathered from the pre- and post-tests
clearly demonstrates that “Rebound” is a tool that can be
used to impart important concussion-related information to
student athletes, parents, and coaches. After using the app,
study participants were able to accurately identify more con-
cussion symptoms and potential concussion treatments, and
verify the accuracy of concussion-related statements.

Qualitative Assessment. In addition to assessing learning,
we collected qualitative data on the likeability of “Rebound,”
including users’ interest in the app’s content and storyline;
enjoyment and perceived utility of features; and attitudes re-
garding the perceived relevance of the app to participants’
lives and its application in a school setting. Reception was
largely positive, with some notable variations between stu-
dent athletes, parents, and coaches. These measures are im-
portant for establishing the likelihood that people will actu-
ally use the app.

Likeability of the App, Storyline, and Content. On the
post-test, participants were asked a series of questions to
assess their feelings and attitudes towards the app includ-
ing storyline, content, and overall likeability. Using a Likert
scale from 1 to 4, with 1 being the least favorable and 4 be-
ing the most favorable (1="No, not at all!”, 2= “No, not real-
ly”, 3= “Yes, somewhat”, 4= “Yes, totally!”), the responses
are displayed in Figure 8 and depict the average ratings of
all participants for each category, as well as a breakdown of
individual ratings for coaches, student athletes, and parents.

When asked, “Did you like the app overall?” the major-
ity of participants (76%, N=25) answered favorably, with
coaches rating the app most highly (Figure 8). One parent
shared, “It’s interesting, the concept of going about reading
a story...It was different than just playing games. It was a
reading app, but a learning app.” Most of the participants in-
dicated that the narrative format itself was interesting (92%,
N=25) with one coach commenting, “At first I was expecting
a lecture, but was more easily looped into a story, where you
discover along with the protagonist all of the information
about concussions.”

Feedback from phone interviews conducted with partici-
pants speaks to the likeability of the story’s characters. One
student athlete stated, “Daniel was very kind and very curi-
ous about his sister’s concussion.” A parent commented, “It
was a good relationship between the parents and the kids.
The storyline was cute in terms of the brother trying to help
the sister learn more, trying to be a good problem solver.”
In general, participants felt that the familial relationships
in the story were warm and relatable. Several participants
appreciated the role of the female athlete in the story. Sim-
ilarly, most participants (92%) thought that the information
provided in the app about concussions was interesting, with
coaches expressing the highest level of interest (Figure 8).
Overall, participants appreciated that the information was
factual and straightforward. One parent commented, “The
narrative was nice and engaging. The information was re-
peated in a helpful way, and the content was presented well
with authority/credibility.”

Activities and Features. A key feature that this study ex-
plored was the Adaptive Reader™, which allowed users to
choose between three different text levels. All app users be-
gin at the medium level, and are regularly prompted, through
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Participants’ Average Ratings of the app’s
Likeability, Storyline, and Content

4.50
4.00
3.50
3.00
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1.00
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3.50
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3.00
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| 2.86
3.08

Interest in
Storyline

Interest in
Content

. Students . Coaches l:\ Parents D All

Figure 8. Interest in and enjoyment of the app. Participants’ av-
erage ratings of the app’s content, storyline, and likeability. Likert
scale (1-4 rating).

Enjoyment
of the app

a pop-up box, to make the text more challenging or easier to
read if they wish (Figure 3). When asked, most participants
(80%) felt that the reading level of the app had been “just
right” for them, while the remaining participants thought that
the reading level had either been too easy (16%) or too hard
(4%). Less than half of the study participants (44%) adjust-
ed the reading level while using the app. Participants who
adjusted the reading level (N=11) tended to do so in order
to make the story more challenging to read. Regardless of
whether they had done so, many participants (68%) thought
that the ability to adjust the reading level in the app was a
useful feature to include (Appendix B).

Relevance and Use as an Educational Tool. The app was
viewed as relevant to the lives of participants (84%), espe-
cially to coaches, and would be useful as a teaching tool in a
school setting (Figure 9). One coach commented:

I'm actually going to a hockey game tonight with me
playing. [ feel like ['m going to be more aware if some-
one gets hit...It helped me realize that theres more to
look for than what I thought previously.

In phone interviews, one parent commented, “I liked the
concept. [ think it’s a cool idea for kids to have an interactive
way to learn and apply some of the concussion ideas and
concepts. [ don’t think [concussion] is something we would
normally just pick up and research.” Another parent shared,
“Ironically, while I was using it, I met my friend for lunch
who had to take her son to the doctor because she thought
he had a concussion, and I was like, ‘Wait! I know things!’
So, I used it right away, the content.” A student athlete of-
fered a different perspective stating, “[I liked] learning about
concussions and how to treat them to get back to whatever
you were doing before.” These sentiments reflect the app’s
relevance to users’ lives.

Participants also saw the app’s inherent educational val-

ue. One parent elaborated, “I could see this being a great
teaching tool to use. Before [my daughter]| signed up for
sports for school, the parents and her had to sign a one-sheet
on concussions...I can see this being much better at helping
kids understand what a concussion is, what the treatment is,
and what you should do.” Interestingly, coaches were more
likely to want to use the app in school than parents or stu-
dent-athletes (Figure 9). In particular, coaches thought that
the app was important to share with their students, in order
to help students be better able to articulate their symptoms,
if they suspect that they have a concussion. In a phone in-
terview, one coach emphasized, “How important it is for

Relevance of App to Participants’ Lives and
Desire to Use the App in School
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Participants' Lives
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Figure 9. Desire to use the app in school and relevance of the
app to participants’ lives. Likert scale (1-4 rating).

athletes to understand symptoms of a concussion so as to
communicate with coaches and doctors.”

DISCUSSION

The study findings suggest that “Rebound: Beating Con-
cussions” could be employed as a useful tool to engage
adolescents and adults in learning about concussions and
brain health. Specifically, student athletes, their parents and
coaches stand to benefit from using the app by gaining an
increased ability to identify symptoms, a greater understand-
ing of concussion treatments, and an appreciation of com-
mon concussion misconceptions. The study also suggests
that the interactive narrative-based approach employed in
the app was effective at providing a powerful learning op-
portunity about concussions, and more broadly, science and
health-literacy. While we achieve statistical significance in
several categories of assessment, the size of the survey pool
is a limitation to the study. Although beyond the scope of
this particular study, assessment of broader demographics
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could be beneficial, including usage of the app in a struc-
tured classroom setting. Nonetheless, one strength of app-
based educational approaches is the ability for self-guided
learning. Keeley et al. (2015, p191) note that, “Apps provide
students the freedom of mobile learning through handheld
devices to learn at any time and any pace.” The Adaptive
Reader™ feature, which the majority of participants found
to be a worthwhile addition (Appendix B), further enables
users to tailor “Rebound” to fit users’ personal needs. In this
way, all users receive the same narrative and learning goals,
while being allowed to read at their own level.

Researchers have proposed that effective concussion
education strategies aimed at youth should be carried out
through a multifaceted orchestrated approach involving
multiple stakeholders (Patel et al., 2017). In this light, we
identify stakeholders as athletic trainers, coaches, teachers,
parents, student athletes, and pediatricians. Bolstered by
positive reception of the use of “Rebound” in a school set-
ting, we foresee implementation in school athletic programs
guided by coaches, athletic trainers, or teachers. At the
same time, pediatricians could implement the app through
encouraging its use among their patients and in their com-
munities. As outlined in a clinical report by the American
Academy of Pediatrics (Logan and Cuff, 2019), participation
in organized sports is shown to offer a wealth of benefits
to children and adolescents, such as increased motor skill
development, academic performance, and social interaction.
However, drawbacks such as burnout and injury sustained
from organized sports are risk factors that can stem from the
influence of parents and coaches. The report suggests that
pediatricians can help to mitigate these risks by educating
and promoting healthy and safe organized sports programs.
For example, they may help parents determine whether or
not their child is developmentally ready to engage in a spe-
cific sport. Likewise, in encouraging the use of “Rebound,”
pediatricians could help to educate patients and families at
annual physicals by encouraging use of the app, so that ev-
eryone is more informed about sports-related concussions
and concussion symptoms, diagnosis, treatment, and com-
mon misconceptions prior to play.

In conclusion, we find that using “Rebound: Beating
Concussions” increases knowledge and understanding about
concussions among student athletes, parents, and coaches.
Information was presented through a self-guided, interactive
narrative that incorporated the latest concussion research,
while also teaching fundamental principles of biology of
the brain and nervous system. The study indicates that the
“Rebound” app can effectively engage diverse audiences
and provide critically needed concussion-related education,
demonstrating increases in three key areas: 1) knowledge
and understanding of concussion symptoms, 2) knowledge
and understanding of concussion treatment, and 3) clarifica-
tion of commonly-held misconceptions. Positive perception

of the app’s story, content and overall likeability, as well as
its perceived relevance, supports the application of “Re-
bound” by school athletic programs as well as pediatricians.
Looking to the future, we hope to develop and launch
a comparative study investigating the effectiveness of “Re-
bound” as a teaching tool in both classroom and in athletic
program settings. While the use of educational games and
apps have demonstrated themselves as effective tools for
learning, additional research is needed to determine if prod-
ucts like “Rebound” are more or less effective than more
traditional or commonly used teaching tools and methodolo-
gies (Annetta, 2009; Brom, 2011; Wilson, 2018). It may also
be that an app like “Rebound” may simply offer an educator
a new tool for student engagement, no better or worse than
other teaching techniques; additional research is needed. A
comparative study would also provide insights into wheth-
er or not “Rebound” could replace or supplement existing
concussion education in both traditional science or health
courses, athletic training programs, or even pediatric patient
resources. Results from this and future studies could further
inform the app’s development with data providing insights
for customization options in different use-case scenarios.

ASSOCIATED CONTENT

Supplemental material mentioned in this manuscript can
be found uploaded to the same webpage as this the man-
uscript. Additional information about “Rebound: Beating
Concussions” can be found at: https://www.thepartnership-
ineducation.com/resources/bibliotech-tm-rebound-beat-
ing-concussions.
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