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A Comparison of Student and
Parent Knowledge and
Perceived Confidence About
Brain Injury and Concussion
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Purpose: The public has long had misconceptions about traumatic brain injury (TBI) and its effects.
Concussion education targeted toward athletes has been increasing with passage of return-to-play
laws in all 50 states. The current study examined differences in public knowledge about TBI
and concussion, and the extent to which students and parents in the general public may have
benefited from increased availability of education around concussion. Methods: At a public fair,
246 students, parents, and other adults completed a survey adapted from existing TBI and concus-
sion knowledge surveys. Participants also rated their confidence in accuracy of their responses.
Results: There were no group differences on TBI knowledge or confidence. Parents scored slightly
higher on concussion knowledge than students, and knowing someone with a TBI or concussion
was also associated with higher scores. Confidence was only weakly related to concussion knowl-
edge. Overall concussion knowledge scores were higher than TBI knowledge scores. Knowledge
and confidence were not associated with sports participation. Discussion: Given similarities in
TBI knowledge across groups, but that parents outpace students in concussion knowledge, par-
ents may have greater exposure or heightened awareness of concussion information education
opportunities. Lower confidence in students suggests an openness to education and opportunities
for prevention of injuries. Key words: brain injury, concussion, confidence, health knowledge,
misconceptions, pediatric, prevention, public education, public knowledge, sports

AN ESTIMATED 2.8 million people visit
emergency departments each year in

the United States to seek care for traumatic
brain injury (TBI; Taylor, Bell, Breiding,
& Xu, 2017), whereas estimates of annual
occurrences of concussions, or mild TBI
(mTBI), far surpass that figure. For example,
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it is estimated that, every year, at least
3.8 million people sustain concussions
during sports or recreational activities alone
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synonymous (Lumba-Brown et al., 2018), and
indicate a change in neurological function
caused by rapid movement of the brain within
the skull that may or may not result in loss
of consciousness (Kay et al., 1993). “Concus-
sion” is the term more commonly used by the
general public, and has become a frequent
focus of media reports, particularly driven by
concerns regarding management and risks in
sports settings across the lifespan (Ahmed,
Blake, & Hall, 2017). Concussion education is
frequently included in media reports, and all
50 states now have laws mandating education
about concussion as part of return-to-play
protocols for youth athletic programs (Baugh,
Kroshus, Bourlas, & Perry, 2014; Thompson
et al., 2016). However, little is known in
regard to whether concussion education
is reaching parents and students, how it is
understood by the general public, and what
effect it has on the public’s knowledge about
concussion.

TBI KNOWLEDGE

It has been long known that the general
public holds misconceptions and inadequate
knowledge concerning TBI. In 1988, Gouvier,
Prestholdt, and Warner developed a 25-item
survey on brain damage; a later, adapted ver-
sion of this survey was formally titled the
“Common Misconceptions about Traumatic
Brain Injury Questionnaire” (CM-TBI; Linden,
Braiden, & Miller, 2013; Springer, Farmer, &
Bouman, 1997). The CM-TBI examines pub-
lic knowledge of the effects of TBI, includ-
ing items addressing loss of consciousness,
amnesia, recovery, seatbelt use, and expo-
sure to information about brain injury. Us-
ing this tool, Gouvier and colleagues (1988)
found that the public had considerable mis-
conceptions about brain injury recovery, un-
consciousness, and memory. Findings from
the CM-TBI have been largely replicated de-
spite numerous adaptions and revisions to
various populations and geographic locations
(e.g., Chapman & Hudson, 2010; Guilmette
& Paglia, 2004; Hux, Schram, & Goeken,
2006; Schellinger, Munson, & Kennedy, 2018;

Willer, Johnson, Rempel, & Linn, 1993). Stud-
ies of public perception have also employed
vignettes to assess public knowledge, identi-
fying some areas of relative strength, such as
better knowledge of physical rather than cog-
nitive effects (Aubrey, Dobbs, & Rule, 1989).
Qualitative investigations of perceptions of in-
dividuals with TBI and family members also
support that the public holds misconceptions,
particularly with regard to the timeline of re-
covery, the wide range of potential signs and
symptoms, the distinction from mental illness,
and the nature of TBI as a hidden disability
(Swift & Wilson, 2001).

Prior research conflicts as to whether or not
knowing someone with a history of TBI is as-
sociated with greater knowledge. Some stud-
ies report no impact of personal experience
on brain injury knowledge (e.g., Chapman &
Hudson, 2010; Ernst, Trice, Gilbert, & Potts,
2009; Gouvier et al., 1988; Schellinger et al.,
2018), whereas others indicate that personal
experience is associated with better knowl-
edge (e.g., Hux et al., 2006; Linden et al.,
2013; O’Jile et al., 1997). When results indi-
cate a link between personal experience and
knowledge, the effect is typically small. A re-
cent systematic review found five studies that
considered whether age affected knowledge,
but found that results were inconsistent or
associated with only particular items (Ralph
& Derbyshire, 2013). However, all but one
of these studies (Gouvier et al., 1988) consid-
ered age differences in TBI knowledge within
adults, and not age comparisons between chil-
dren and adults.

CONCUSSION KNOWLEDGE

Much public attention around TBI has now
shifted toward concussion (or mild TBI), due
in part to increasing concerns about the
safety of athletes (e.g., Guskiewicz et al.,
2005; Iverson, Echemendia, LaMarre, Brooks,
& Gaetz, 2012; Patel, Fidrocki, & Parachuri,
2017). In regard to public knowledge of con-
cussion, there has been some evidence that
knowledge of concussion has increased over
time more than general knowledge about TBI
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(Guilmette & Paglia, 2004). Nevertheless, in
an international survey, McKinlay, Bishop,
and McLellan (2011) found that the general
public still lacked knowledge regarding cer-
tain facts about concussion and its manage-
ment. Structured education around concus-
sion is now available in many formats, but
tends to be focused on sports, and robust-
ness of distribution of this education is of-
ten limited. In a survey examining the effect
of return-to-play laws that mandate education
for coaches, athletes, and parents, almost all
coaches were exposed to at least two modal-
ities of concussion education and had high
knowledge scores. In contrast, coaches re-
ported providing fewer materials to parents
and athletes. Coaches provided education to
over half of parents by having them sign the
required concussion information sheet only,
and did not provide any additional education
(Chrisman, Schiff, Chung, Herring, & Rivara,
2014).

Research into knowledge about concussion
shows uneven patterns of knowledge, and
predictors of knowledge are similarly variable.
In particular, sports participation and the op-
portunities for experience with concussion,
or access to education around concussion, are
not uniformly associated with better knowl-
edge. For example, against their hypothesis
that experience with sports or concussion
would be associated with higher knowledge
scores, Merz, Van Patten, and Lace (2016) re-
ported poorer TBI knowledge among former
athletes, as compared with the general pub-
lic. Over 80% of athletes and parents in an-
other online survey reported being aware of
concussions, but only approximately 25% of
respondents within that group could give an
adequate definition of concussion (Bloodgood
et al., 2013).

In a study using the Centers for Disease Con-
trol and Prevention Heads Up: Concussion in
Youth Sports quiz to assess the knowledge
of parents of athletes (Mannings, Kalynych,
Joseph, Smotherman, & Kraemer, 2014), only
13% of participants were able to identify all
statements regarding concussion accurately.
About two thirds of the parents also failed

to recognize that a concussion is considered
a mild TBI and over half were not aware
that a concussion can occur without a direct
blow to the head. Athletes can often iden-
tify the most common concussion symptoms,
such as headache, but score poorly when rec-
ognizing lesser known symptoms, like per-
sonality changes or difficulty concentrating
(Cournoyer & Tripp, 2014). Emotional conse-
quences of concussion—including increased
irritability, mood swings, and depression—
are also often missed (Cusimano, Zhang,
Topolovec-Vranic, Hutchison, & Jing, 2017).

The bulk of the growing literature on
concussion knowledge is centered on under-
standing how attitudes toward concussion
are impacted by education and how athletes
react to and use knowledge (Manasse-Cohick
& Shapley, 2014; Register-Mihalik et al.,
2013; Sye, Sullivan, & McCrory, 2006; Torres
et al., 2013). The Rosenbaum Concussion
Knowledge and Attitudes Survey (RoCKAS;
Rosenbaum & Arnett, 2010) was developed
specifically to address knowledge and atti-
tudes in high school athletes. Knowledge is
assessed in two sections, the first of which
has 18 true and false statements, and the
second in a symptom recognition checklist.
The RoCKAS has fair reliability, and has now
been used in a variety of populations, includ-
ing professional and amateur athletes (e.g.,
Chapman et al., 2018; Williams, Langdon,
McMillan, & Buckley, 2016) and the general
public. In the general public, the RoCKAS
was used to examine knowledge of parents
of children at an orthopedic clinic, finding
a positive relationship between knowledge
scores and higher education levels and White
ethnicity. Attitude scores differed by sex,
with females scoring higher, whereas higher
income was associated with better knowl-
edge scores. Sports history, personal history
of concussion, and history of having a child
with a concussion were not associated with
knowledge scores (Lin et al., 2015). Using a
comparable questionnaire tool developed to
assess concussion awareness, knowledge, and
experiences, Cusimano and colleagues (2017)
found that education and income, along with
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older age and history of brain injury, similarly
predicted higher knowledge scores.

Other public knowledge surveys around
concussion have examined recognition of
postconcussion syndrome (PCS) or overall
symptom knowledge (Mulhern & McMillan,
2006). Using vignettes, Mulhern and McMillan
required participants to generate symptoms
of PCS, before allowing use of a checklist.
Symptom identification was much improved
with the checklist supplied, but this large
boost in scores when provided with a set
of choices suggested that at least some par-
ticipants might be benefitting from guessing.
Thus, such checklists of symptoms should be
provided cautiously.

RELATIONSHIP BETWEEN CONFIDENCE
AND KNOWLEDGE

Although an individual may view greater
feelings of confidence as being associated
with greater likelihood of success, much lit-
erature across the general population as well
as health professions has found that to rarely
be the case (e.g., Dunning, Heath, & Suls,
2004; Ehrlinger, Johnson, Banner, Dunning,
& Kruger, 2008). Instead, confidence may be
linked to a number of false indicators, such
as familiarity with the information, whether
or not that information is correct (Bjork,
1999; Kelley & Lindsay, 1993). Experts also
tend to underestimate their own knowledge
(Kruger & Dunning, 1999), although exper-
tise may also be driven by modest confidence,
such that lower confidence is associated with
a desire for greater knowledge, and higher
confidence with reduced information-seeking
behaviors (Berner & Graber, 2008; Meyer,
Payne, Meeks, Rao, & Singh, 2013).

Confidence has been explored in a handful
of studies related to brain injury and concus-
sion, but few have related confidence about
knowledge to measurements of knowledge.
Weber and Edwards (2012) assessed public
knowledge of sports concussion using a sur-
vey with definite (true and false) and indefi-
nite responses (probably true and probably
false). Not only were knowledge scores poor,
but participants with a history of concus-

sion were more likely to provide definite re-
sponses, even though accuracy was no higher
within this group. This effect was interpreted
as a false sense of confidence in knowledge.

Several studies have examined confidence
among professionals who serve individuals
with TBI (e.g., speech–language pathologists,
teachers, and nurses). Results revealed that
even experienced professionals reported a
lack of confidence in their knowledge and
skills related to TBI and expressed a desire
for more education and training (e.g., Dreer,
Crowley, Cash, O’Neill, & Cox, 2016; Hux,
Walker, & Sanger, 1996). However, these
studies did not compare confidence to knowl-
edge to determine whether those feelings of
low or high confidence were founded in ac-
tual knowledge and skills. Oyesanya, Brown,
and Turkstra (2017) surveyed nurses who
worked with adults with TBI and found that
the highest levels of confidence were asso-
ciated with nurses who reported the least
experience.

Confidence in concussion and TBI knowl-
edge has not been differentially assessed in
parents and students. An investigation of the
concussion knowledge of parents of youth
football players found that the majority of
parents reported high levels of confidence
that they could recognize symptoms of a
concussion, but actual knowledge was much
less consistent (Rieger, Lewandowski, Potts,
Potter, & Chin, 2018). Parents were aware
that too much activity could exacerbate symp-
toms, but distractor items were also endorsed,
including a quarter of respondents agreeing
that certain foods would complicate recovery.
In addition, there was low awareness that pro-
tocols exist for management of concussion
and return-to-play decisions. Parents instead
described returning to sports after a specific
period of time (such as 1 week), rather than
making decisions based on symptom resolu-
tion and a return-to-play progression.

CURRENT STUDY

The goals of the current study were to: (1)
compare knowledge about TBI and concus-
sion in parents and students, using a sample
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drawn from the general public that was not
necessarily associated with an athletic pro-
gram; (2) determine whether demographic
factors predicted knowledge; and (3) com-
pare confidence ratings with knowledge for
both TBI and concussion across types of
participants.

METHODS

Participants

Participants older than 10 years were
recruited at a state brain injury association
booth at a large science expo. The expo
is a free, single-day event held each spring
that attracts students and parents to see and
experience science. Exhibits cover a range
of topics from biological, chemical, engineer-
ing, and social science fields. Examples of
activities include touching reptiles, learning
the aerodynamics of jet engines, operating
robots, and mixing chemicals to create
playdough (Atlanta Science Festival, 2017).
It was held in Centennial Park, a large park
in downtown Atlanta that was first created
during the 1996 Summer Olympic Games,
and now serves as public green space and as
a venue for music events, fairs, and festivals.
It is surrounded on several sides by museums
and is considered an anchor of downtown At-
lanta. In 2017, there were over 100 exhibitors
at the Science Expo, including local univer-
sities, associations, and health care facilities.
Approximately 19,000 people attended. The
event targets populations underrepresented
in science, technology, engineering, and
mathematics fields, and according to the
expo annual report, the overall racial and
ethnic makeup of the festival expo reflected
similar diversity to the metro area. According
to Science Expo data, 36.5% of attendees
described themselves as White/Caucasian,
33% Black/African American, 8.6% Hispanic/
Latino, 8.9% Asian, and 13% other (Atlanta Sci-
ence Festival, 2017). Census data from 2018
for this area lists White/Caucasians as 40.1%
of the population, Black/African American as
52.3%, Hispanic/Latino as 4.6%, and Asian as

4.0% (U.S. Census Bureau, 2019). Families,
students, afterschool programs, community
groups, and educators often attend this event.

A sign above the brain injury association
booth explained the study. Research assis-
tants stood in front of the booth and recruited
participants by explaining the purpose of the
study and eligibility criteria. Participants were
required to be older than 10 years, and to be
able to read and complete the survey inde-
pendently. Research assistants then asked po-
tential participants whether they wanted to
take a 5-min survey to test their knowledge
of brain injury and concussion, and explained
that a drawstring backpack was available as an
incentive. The booth also contained contact
information for the brain injury association
and formalin sheep brains that fair attendees
could view or touch.

Two hundred forty-six fair attendees con-
sented to participate and completed the sur-
vey (an additional three were recruited but
chose not to participate after reading the con-
sent screen). Participant ages ranged from 10
to 65 years, including 157 females (64.1%)
and 88 males (35.9%). This gender disparity
reflects that the event overall attracts more
females than males (females = 60%, Atlanta
Science Festival, 2017). Although the focus of
this research study was to compare knowl-
edge in parents and students, a number of
other adults attended the fair with students.
Therefore, the survey tool also asked partic-
ipants to describe themselves as either stu-
dents, parents, grandparents, educators, or
other adult. Table 1 describes demographic in-
formation by age group. Using the χ2 test of
homogeneity, there were no statistically sig-
nificant differences in distributions between
these groups by sex (p = .481), TBI or con-
cussion history (p = .235), or knowing some-
one with a TBI or concussion (p = .681). As
expected, students were more likely to be par-
ticipating in sports, χ2(4, N = 246) = 10.766
(p = .029).

Procedures

All procedures were approved by a uni-
versity institutional review board and all data
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Table 1. Demographic characteristics of sample (N = 246)a

Student
(n = 147)

Parent
(n = 61)

Grandparent
(n = 8)

Educator
(n = 17)

Other Adult
(n = 13)

Demographics
Age 14.41 (5.11) 39.40 (6.93) 57.50 (5.53) 40.64 (8.41) 33.31 (6.84)

Sex
Female 91 (61.90%) 39 (63.93%) 6 (75.00%) 14 (82.35%) 9 (69.23%)
Male 56 (38.10%) 22 (36.07%) 2 (25.00%) 3 (17.65%) 4 (30.77%)

Sports historyb

None 28 (19.05%) 24 (39.34%) 3 (37.50%) 5 (29.41%) 3 (23.08%)
Yes,

currently
67 (45.58%) 7 (11.48%) 1 (12.50%) 1 (5.88%) 1 (7.69%)

Yes, in the
past

52 (35.37%) 30 (49.18%) 4 (50.00%) 11 (64.71%) 9 (69.23%)

Concussion or BI history
None 124 (84.35%) 52 (85.25%) 7 (87.50%) 15 (88.24%) 8 (61.54%)
Concussion 15 (10.20%) 6 (9.84%) 0 (0.00%) 1 (5.88%) 4 (30.77%)
Brain injury 8 (5.44%) 3 (4.92%) 1 (12.50%) 1 (5.88%) 1 (7.69%)

Know someone with BI or concussion
None 62 (42.18%) 26 (42.62%) 2 (25.00%) 5 (29.41%) 4 (30.77%)
Concussion 48 (32.65%) 13 (21.31%) 2 (25.00%) 5 (29.41%) 4 (30.77%)
Brain injury 30 (20.41%) 20 (32.79%) 4 (50.00%) 5 (29.41%) 3 (23.08%)
Both 6 (4.08%) 2 (3.28%) 0 (0.00%) 2 (11.76%) 2 (15.38%)

Note. BI = brain injury.
aAge is given in mean years (standard deviation). All others represent frequency (%).
bStudents were more likely than other groups to be involved in sports. There were no group differences by either
having a history of TBI or concussion, or knowing someone with a history of traumatic brain injury or concussion.

were collected at the brain injury association
booth at the Science Expo. Because this was
a low-risk study that did not collect identify-
ing information, parental consent was waived.
Participants completed an electronic survey
using iPads supplied by research assistants.
The survey was presented via Qualtrics soft-
ware and included five screens: consent, de-
mographics, knowledge and confidence ques-
tions about TBI, knowledge and confidence
questions about concussion, and a thank you
screen. Research assistants explained the con-
sent screen, including the purpose, risks, ben-
efits, that the study was voluntary, and contact
information for questions. Participants could
then select “No, I do not want to participate,”
or “Yes, I would like to participate” to advance
to either a thank you screen, or the demo-
graphics page, respectively. After completing

the study, participants received a drawstring
backpack that contained a flyer explaining the
study and the answers to the survey questions.

Survey materials

Demographics

Participants responded to questions about
basic demographic information (age, demo-
graphic group, and county of residence), and
experiences that could affect TBI and concus-
sion knowledge, specifically sports history,
TBI and concussion history, and knowing a
person with TBI or concussion.

TBI knowledge and confidence

To assess TBI knowledge, 10 statements
were drawn from the CM-TBI survey of TBI
knowledge (Gouvier, et al., 1988; Hux et al.,
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2006; Linden et al., 2013; Schellinger et al.,
2018). Statements were selected to reflect the
most salient information about TBI, and were
edited for clarity for the wide range of read-
ers completing this survey. Participants rated
statements dichotomously as true or false to
simplify administration and for the survey to
resemble materials familiar to students. For
the final question at the bottom of the screen,
participants rated their confidence that their
responses were correct using a slider from 0
to 100, with 0 meaning no confidence and 100
meaning complete confidence. The 10 state-
ments are provided in Table 2.

Concussion knowledge and confidence

Ten statements about concussion were
selected and adapted from the RoCKAS
(Rosenbaum & Arnett, 2010). As with the CM-
TBI, adaptations were made to clarify termi-
nology and to make the questions accessible
to a wide range of readers. Questions simi-
lar to those in the CM-TBI were not included
(e.g., “After a concussion, people can forget
who they are and not recognize others but be
perfect in every other way” closely resembles
an item on the CM-TBI). As with the TBI sub-
scale, participants selected true or false for
each statement, and then rated the level of
confidence in their responses about concus-
sion in a final question that was identical to
the TBI confidence question. Table 3 lists the
concussion statements.

Analyses

Items on the TBI and Concussion Knowl-
edge Questionnaires were scored as one for
correct, and zero for incorrect. Each partici-
pant could score up to 10 on each subscale
(TBI and Concussion), with a total range pos-
sible of 0 to 10 for a single subscale. Lower
scores indicate poorer knowledge, and higher
scores indicate greater knowledge. The total
number of correct responses and the percent
correct for each item was calculated, as well
as a percent correct score for each participant
on the subscales. For confidence, each par-
ticipant rated themselves on the 0% to 100%
scale once for TBI and once for the concus-

sion subscale. Demographic groups (students,
parents, grandparents, educators, and other
adults) were maintained, but all other demo-
graphic factors were collapsed into dichoto-
mous variables, measuring these characteris-
tics as either present or absent. For example,
knowing someone with a TBI, concussion, or
both was all coded as present, and not know-
ing someone with either a TBI or concussion
was coded as absent. Sports participation and
history of TBI or concussion were similarly
coded.

Statistical analysis overview

SPSS Statistics version 24 was used for sta-
tistical analyses. For knowledge outcomes,
between-group differences were first assessed
using a one-way analysis of variance (ANOVA).
For significant models, post hoc testing with
correction using either Tukey for equal vari-
ances or Games-Howell correction for un-
equal variances was applied. Next, linear re-
gression was used to identify predictors of
TBI and concussion knowledge separately.
For these analyses, total correct score for each
subscale was the dependent variable. Inde-
pendent variables were demographic group
(students, parents, grandparents, educators,
other adults), sports participation (present,
absent), personal history of TBI or concus-
sion (present, absent), and knowing someone
with a history of TBI or concussion (present,
absent). A paired t test was used to compare
overall TBI and concussion knowledge scores,
followed by within-groups comparisons.

Pearson correlations were used to assess
outcomes for concussion and moderate–
severe TBI knowledge and confidence about
knowledge. In order to determine whether
any particular demographic characteristics
were associated with a stronger relationship
of confidence to knowledge, general linear
models predicting knowledge scores from
a combination of confidence, demographic
characteristic, and an interaction of the two
were analyzed.

To examine whether any of the ques-
tions were more difficult for the respondents
than other questions, a mixed-effects logistic

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



320 TOPICS IN LANGUAGE DISORDERS/JULY–SEPTEMBER 2019
T

ab
le

2
.

A
cc

u
ra

cy
o

f
kn

o
w

le
d

ge
b

y
q

u
es

ti
o

n
an

d
gr

o
u

p
fo

r
m

o
d

er
at

e
to

se
ve

re
b

ra
in

in
ju

ry

St
u

d
en

t
P

ar
en

t
G

ra
n

d
p

ar
en

t
E

d
u

ca
to

r
O

th
er

A
d

u
lt

n
(%

)
n

(%
)

n
(%

)
n

(%
)

n
(%

)

1.
It

is
o

b
vi

o
u

s
th

at
so

m
eo

n
e

h
as

b
ra

in
d

am
ag

e
b

ec
au

se
th

ey
lo

o
k

d
if

fe
re

n
t

fr
o

m
p

eo
p

le
w

h
o

d
o

n
o

t
h

av
e

b
ra

in
d

am
ag

e.
(F

)

12
7

(8
6.

39
%

)
51

(8
3.

61
%

)
8

(1
00

.0
0%

)
17

(1
00

.0
0%

)
12

(9
2.

31
%

)

2.
It

is
p

o
ss

ib
le

th
at

a
p

er
so

n
’s

p
er

so
n

al
it

y
w

ill
ch

an
ge

af
te

r
a

b
ra

in
in

ju
ry

.(
T

)
12

3
(8

3.
67

%
)

51
(8

3.
61

%
)

7
(8

7.
50

%
)

15
(8

8.
24

%
)

12
(9

2.
31

%
)

3.
P

eo
p

le
in

a
co

m
a

ar
e

u
su

al
ly

n
o

t
aw

ar
e

o
f

w
h

at
is

h
ap

p
en

in
g

ar
o

u
n

d
th

em
.(

T
)

82
(5

5.
78

%
)a

20
(3

2.
79

%
)

3
(3

7.
50

%
)

6
(3

5.
29

%
)

6
(4

6.
15

%
)

4.
Ev

en
af

te
r

se
ve

ra
lw

ee
ks

in
a

co
m

a,
w

h
en

p
eo

p
le

w
ak

e
u

p
,m

o
st

re
co

gn
iz

e
an

d
sp

ea
k

to
o

th
er

s
ri

gh
t

aw
ay

.(
F)

10
8

(7
3.

47
%

)
40

(6
5.

57
%

)
5

(6
2.

50
%

)
13

(7
6.

47
%

)
9

(6
9.

23
%

)

5.
B

ra
in

in
ju

ri
es

m
ay

ca
u

se
o

n
e

to
fe

el
d

ep
re

ss
ed

,s
ad

,
an

d
h

o
p

el
es

s.
(T

)
11

7
(7

9.
59

%
)

57
(9

3.
44

%
)b

7
(8

7.
50

%
)

15
(8

8.
24

%
)

13
(1

00
.0

0%
)

6.
So

m
et

im
es

a
se

co
n

d
b

lo
w

to
th

e
h

ea
d

ca
n

h
el

p
a

p
er

so
n

re
m

em
b

er
th

in
gs

th
at

w
er

e
fo

rg
o

tt
en

.(
F)

80
(5

4.
42

%
)

34
(5

5.
74

%
)

4
(5

0.
00

%
)

9
(5

2.
94

%
)

8
(6

1.
54

%
)

7.
A

p
er

so
n

w
it

h
b

ra
in

in
ju

ry
m

ay
h

av
e

tr
o

u
b

le
re

m
em

b
er

in
g

ev
en

ts
th

at
h

ap
p

en
ed

b
ef

o
re

th
e

in
ju

ry
,

b
u

t
u

su
al

ly
d

o
es

n
o

t
h

av
e

tr
o

u
b

le
le

ar
n

in
g

n
ew

th
in

gs
.(

F)

47
(3

1.
97

%
)

19
(3

1.
15

%
)

6
(7

5.
00

%
)

7
(4

1.
18

%
)

4
(3

0.
77

%
)

8.
P

eo
p

le
w

h
o

h
av

e
su

rv
iv

ed
a

b
ra

in
in

ju
ry

ca
n

fo
rg

et
w

h
o

th
ey

ar
e

an
d

n
o

t
re

co
gn

iz
e

o
th

er
s,

b
u

t
b

e
n

o
rm

al
in

ev
er

y
o

th
er

w
ay

.(
F)

36
(2

4.
49

%
)a

6
(9

.8
4%

)
1

(1
2.

50
%

)
5

(2
9.

41
%

)
0

(0
.0

0%
)

9.
O

n
ce

a
p

er
so

n
is

ab
le

to
w

al
k

ag
ai

n
,h

is
o

r
h

er
b

ra
in

is
al

m
o

st
fu

lly
re

co
ve

re
d

.(
F)

97
(6

5.
99

%
)

52
(8

5.
25

%
)b

7
(8

7.
50

%
)

15
(8

8.
24

%
)

13
(1

00
.0

0%
)

10
.H

o
w

q
u

ic
kl

y
a

p
er

so
n

re
co

ve
rs

d
ep

en
d

s
m

ai
n

ly
o

n
h

o
w

h
ar

d
th

ey
w

o
rk

at
re

co
ve

ri
n

g.
(F

)
77

(5
2.

38
%

)
36

(5
9.

02
%

)
5

(6
2.

50
%

)
12

(7
0.

59
%

)
11

(8
4.

62
%

)

T
o

ta
lT

B
I

kn
o

w
le

d
ge

89
4

(6
0.

82
%

)
36

6
(6

0.
00

%
)

53
(6

6.
25

%
)

11
4

(6
7.

06
%

)
88

(6
7.

69
%

)
M

ea
n

T
B

I
co

n
fi

d
en

ce
c

56
.5

7%
(2

6.
08

)
60

.0
3%

(2
2.

70
)

68
.2

5%
(2

1.
32

)
58

.3
5%

(2
4.

36
)

59
.0

0%
(2

1.
33

)

N
o
te

.T
B

I
=

tr
au

m
at

ic
b

ra
in

in
ju

ry
.

a S
tu

d
en

ts
w

er
e

m
o

re
lik

el
y

th
an

p
ar

en
ts

to
re

sp
o

n
d

to
th

es
e

it
em

s
co

rr
ec

tl
y.

b
P

ar
en

ts
w

er
e

m
o

re
lik

el
y

th
an

st
u

d
en

ts
to

re
sp

o
n

d
to

th
es

e
it

em
s

co
rr

ec
tl

y.
c
D

at
a

ar
e

p
re

se
n

te
d

as
m

ea
n

p
er

ce
n

t
(s

ta
n

d
ar

d
d

ev
ia

ti
o

n
).

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Parent and Student Concussion and TBI Knowledge 321

T
ab

le
3

.
A

cc
u

ra
cy

o
f

kn
o

w
le

d
ge

b
y

q
u

es
ti

o
n

an
d

gr
o

u
p

fo
r

co
n

cu
ss

io
n

St
u

d
en

t
P

ar
en

t
G

ra
n

d
p

ar
en

t
E

d
u

ca
to

r
O

th
er

A
d

u
lt

n
(%

)
n

(%
)

n
(%

)
n

(%
)

n
(%

)

1.
T

h
er

e
is

a
p

o
ss

ib
le

ri
sk

o
f

m
o

re
se

ri
o

u
s

in
ju

ry
o

r
d

ea
th

if
a

se
co

n
d

co
n

cu
ss

io
n

o
cc

u
rs

b
ef

o
re

th
e

fi
rs

t
o

n
e

h
as

h
ea

le
d

.(
T

)

12
8

(8
7.

07
%

)
58

(9
5.

08
%

)
6

(7
5.

00
%

)
16

(9
4.

12
%

)
13

(1
00

.0
0%

)

2.
In

o
rd

er
to

b
e

d
ia

gn
o

se
d

w
it

h
a

co
n

cu
ss

io
n

,y
o

u
h

av
e

to
b

e
kn

o
ck

ed
o

u
t.

(F
)

13
0

(8
8.

44
%

)
56

(9
1.

80
%

)
8

(1
00

.0
0%

)
16

(9
4.

12
%

)
13

(1
00

.0
0%

)

3.
A

co
n

cu
ss

io
n

ca
n

o
n

ly
o

cc
u

r
if

th
er

e
is

a
d

ir
ec

t
h

it
to

th
e

h
ea

d
.(

F)
74

(5
0.

34
%

)
39

(6
3.

93
%

)
6

(7
5.

00
%

)
13

(7
6.

47
%

)
11

(8
4.

62
%

)

4.
B

ei
n

g
kn

o
ck

ed
u

n
co

n
sc

io
u

s
al

w
ay

s
ca

u
se

s
p

er
m

an
en

t
d

am
ag

e
to

th
e

b
ra

in
.(

F)
11

3
(7

6.
87

%
)

44
(7

2.
13

%
)

6
(7

5.
00

%
)

16
(9

4.
12

%
)

10
(7

6.
92

%
)

5.
Sy

m
p

to
m

s
o

f
a

co
n

cu
ss

io
n

ca
n

la
st

fo
r

se
ve

ra
l

w
ee

ks
.(

T
)

12
7

(8
6.

39
%

)
57

(9
3.

44
%

)
8

(1
00

.0
0%

)
17

(1
00

.0
0%

)
13

(1
00

.0
0%

)

6.
A

ft
er

a
co

n
cu

ss
io

n
h

ap
p

en
s,

b
ra

in
im

ag
in

g
lik

e
C

A
T

sc
an

o
r

M
R

I
sh

o
w

s
vi

si
b

le
d

am
ag

e
to

th
e

b
ra

in
.(

F)
47

(3
1.

97
%

)
20

(3
2.

79
%

)
4

(5
0.

00
%

)
2

(1
1.

76
%

)
3

(2
3.

08
%

)

7.
P

eo
p

le
w

h
o

h
av

e
h

ad
o

n
e

co
n

cu
ss

io
n

ar
e

m
o

re
lik

el
y

to
h

av
e

a
se

co
n

d
o

n
e.

(T
)

60
(4

0.
82

%
)

40
(6

5.
57

%
)a

4
(5

0.
00

%
)

10
(5

8.
82

%
)

7
(5

3.
85

%
)

8.
If

yo
u

re
ce

iv
e

o
n

e
co

n
cu

ss
io

n
an

d
yo

u
h

av
e

n
ev

er
h

ad
a

co
n

cu
ss

io
n

b
ef

o
re

,y
o

u
w

ill
b

ec
o

m
e

le
ss

in
te

lli
ge

n
t.

(F
)

12
5

(8
5.

03
%

)
57

(9
3.

44
%

)a
7

(8
7.

50
%

)
15

(8
8.

24
%

)
12

(9
2.

31
%

)

9.
A

ft
er

1–
3

w
ee

ks
,s

ym
p

to
m

s
o

f
a

co
n

cu
ss

io
n

ar
e

u
su

al
ly

co
m

p
le

te
ly

go
n

e.
(T

)
63

(4
2.

86
%

)b
14

(2
2.

95
%

)
3

(3
7.

50
%

)
5

(2
9.

41
%

)
8

(6
1.

54
%

)

10
.T

h
er

e
is

ra
re

ly
a

ri
sk

to
lo

n
g-

te
rm

h
ea

lt
h

an
d

w
el

l-b
ei

n
g

fr
o

m
m

u
lt

ip
le

co
n

cu
ss

io
n

s.
(F

)
88

(5
9.

86
%

)
46

(7
5.

41
%

)a
6

(7
5.

00
%

)
14

(8
2.

35
%

)
10

(7
6.

92
%

)

T
o

ta
lc

o
rr

ec
t

re
sp

o
n

se
s

95
5

(6
4.

97
%

)
43

1
(7

0.
66

%
)

58
(7

2.
50

%
)

12
4

(7
2.

94
%

)
10

0
(7

6.
92

%
)

M
ea

n
co

n
cu

ss
io

n
co

n
fi

d
en

ce
c

49
.9

3%
(2

6.
26

)
60

.9
7%

(2
2.

99
)

72
.0

0%
(2

0.
17

)
59

.4
1%

(2
5.

33
)

58
.4

6%
(2

3.
14

)

a P
ar

en
ts

w
er

e
m

o
re

lik
el

y
th

an
st

u
d

en
ts

to
re

sp
o

n
d

to
th

es
e

it
em

s
co

rr
ec

tl
y.

b
St

u
d

en
ts

w
er

e
m

o
re

lik
el

y
th

an
p

ar
en

ts
to

re
sp

o
n

d
to

th
es

e
it

em
s

co
rr

ec
tl

y.
c
D

at
a

ar
e

p
re

se
n

te
d

as
m

ea
n

p
er

ce
n

t
(s

ta
n

d
ar

d
d

ev
ia

ti
o

n
).

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



322 TOPICS IN LANGUAGE DISORDERS/JULY–SEPTEMBER 2019

regression model was used. This analysis was
limited to the student and parent compari-
son, given small participant numbers in the
other demographic subgroups. The logistic
regression considered whether or not a ques-
tion was answered correctly, and a mixed-
effect model was used to account for each
participant having multiple responses (one
for each question) rather than just one re-
sponse in the data set. This analysis was com-
pleted to determine whether the distribution
of percentage correct by question was simi-
lar or different when comparing students to
parents.

RESULTS

TBI knowledge

A one-way ANOVA was conducted to de-
termine whether TBI knowledge differed by
group (see Table 2 for means). Differences
between groups were not statistically signifi-
cant, F(4, 241) = 1.309, p = .267, such that TBI
knowledge scores were consistent across stu-
dents, parents, grandparents, educators, and
other adults. A linear regression was then
run to predict TBI knowledge from sports
participation, history of TBI or concussion,
and knowing someone with TBI or concus-
sion. Given that scores did not vary across
age groups, this variable was not included in
the model. Nonsignificant predictors were re-
moved from the model using backward elim-
ination. After backward elimination, the final
model, F(3, 242) = 6.114, p < .001, adjusted
R2 = 0.059, included only knowing someone
with TBI or concussion as a significant pos-
itive predictor of TBI knowledge (β = .706,
p < .001).

Concussion knowledge

To examine between-group differences in
concussion knowledge, a one-way Welch
ANOVA was conducted. Concussion knowl-
edge was statistically significantly different by
group, Welch’s F(4, 31.722) = 6.532, p < .001.
Games-Howell post hoc analysis revealed that
the mean difference between student and par-

ent knowledge scores (−0.593, 95% confi-
dence interval, CI [−1.16, −0.03]) was sta-
tistically significant (p = .036), as well as
the mean difference between students and
other adults (−1.186, 95% CI [−1.91, −0.46],
p < .001). Both parents and other adults had
greater accuracy on the concussion knowl-
edge subscale than students (see Table 3 for
summary of means). All other comparisons
were nonsignificant. Group, sports participa-
tion, history of TBI or concussion, and know-
ing someone with TBI or concussion were all
entered into a linear model to predict con-
cussion knowledge. After backward elimina-
tion, both group (β = −.245, p = .002) and
knowing someone with TBI or concussion
(β = .548, p = .004) statistically contributed
to the final model, F(4, 241) = 6.091, p <.001,
adjusted R2 = 0.077. The other two factors
(i.e., sports participation and history of TBI
or concussion) did not. Follow-up testing for
group, knowing someone, and the interaction
revealed effects remained for knowing some-
one (β = .621, p < .001), but were only sig-
nificant for the group of students (β = −.686,
p < .001). In this model, variance accounted
for increased slightly, F(3, 242) = 13.964,
p <.001, adjusted R2 = 0.096.

TBI versus concussion knowledge

To determine whether there was an over-
all difference in knowledge of concussion and
knowledge of moderate–severe TBI, a paired
t test was used. Mean concussion scores (M =
66.80%, SD = 14.77) were greater than those
of TBI (M = 60.10%, SD = 15.51), t(244) =
−5.405, p < .001. Within groups paired
t tests were used to compare knowledge for
each group (see Figure 1; means and stan-
dard deviations are provided in Table 2 for
TBI and Table 3 for concussion). There were
no differences in TBI and concussion knowl-
edge scores for educators, t(16) = −1.829, p =
.08, or grandparents, t(7) = −1.488, p = .180.
Concussion knowledge scores were greater
than TBI knowledge scores for students,
t(147) = −2.598, p = .01, parents, t(59) =
−5.094, p < .001, and other adults, t(12) =
−2.520, p = .03.
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Figure 1. Mean knowledge and confidence by group for brain injury and concussion. Note: Error bars
represent ± 1 SD.

Item-level responses by students
and parents

Student and parent responses to each item
were considered using mixed-effects logistic
regression models. The other groups were
removed from this analysis because of low
numbers, and to focus on the relationship
between student and parent knowledge. For
TBI knowledge, there were no overall differ-
ences in terms of the probability of getting a
question correct across the participant types
(F(1, 316) = 0.18, p = .68), but there were
overall differences in terms of the probabil-
ity of getting a question correct by question
(F(9, 2050) = 31.36, p < .001). There was also
an interaction of participant type and ques-

tion (F(9, 2050) = 3.32, p < .001), indicating
that the questions that participants were more
likely to answer correctly varied according to
the type of participant. Post hoc comparisons
indicated that the likelihood that participants
would respond correctly was significantly dif-
ferent based on participant type (student or
parent) for questions 3, 5, 8, and 9. Students
were more likely to answer questions 3 (t(2050)

= 3.02, p = .003) and 8 (t(2050) = 2.63, p =
.009) correctly (i.e., to agree that people in co-
mas have low awareness of surroundings, and
to reject that people may experience amne-
sia but appear otherwise uninjured). Parents
were more likely to answer questions 5 (t(2050)

= −3.52, p < .001) and 9 (t(2050) = −3.39,
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p = .001) correctly (i.e., to agree that people
may experience emotional effects following
brain injury, and to reject that walking is an in-
dicator of complete recovery). See Table 2 for
item-level responses for brain injury by group.

When considering concussion knowledge,
there were overall differences in terms of the
probability of correctly responding to ques-
tions across the participant types (F(1, 418) =
8.42, p = .004), and an overall difference in
terms of the probability of getting a question
correct by question (F(9, 2050) = 31.40, p <

.001). There was also an interaction of par-
ticipant type and question (F(9,2050) = 3.06,
p = .001), indicating an overall difference in
the probability of answering questions cor-
rectly between students and parents, but the
question that participants are more likely to
answer correctly varies according to the type
of participant.

Post hoc comparisons indicate that the like-
lihood that participants would answer cor-
rectly was significantly different based on par-
ticipant type (student or parent) for questions
7, 8, 9, and 10. Students were more likely to
answer question 9 correctly (t(2050) = 3.22,
p = .001), agreeing that after 1–3 weeks,
symptoms from concussion have usually re-
solved. Parents were more likely to answer
questions 7 (t(2050) = −3.24, p = .001),
8 (t(2050) = −0.43, p = .015), and 10 (t(2050) =
−2.44, p = .015) correctly. Specifically, par-
ents were more likely than students to cor-
rectly agree that there are risks of sustaining
future concussions after a first event, reject
that intelligence is affected by concussion,
and reject that there are rarely risks of long-
term consequences from multiple concus-
sions. Table 3 includes item-level responses
for concussion by group.

Confidence

One-way ANOVAs were used to examine
group differences in ratings of TBI and con-
cussion confidence. For TBI confidence, dif-
ferences between groups were not statisti-
cally significant, F(4, 241) = 1.042, p = .386.
Students, parents, grandparents, educators,
and other adults—all gave similar confidence

ratings for TBI knowledge. For concussion
confidence, differences were present be-
tween groups, F(4, 241) = 3.431, p = .009.
Post hoc testing with a Tukey correction
revealed the mean difference between stu-
dent and parent confidence scores (−11.034,
95% CI [−21.65, −0.47]) was statistically sig-
nificant (p = .036). Students were less confi-
dent in their responses about concussion than
parents. No other groups statistically differed
from each other (see Figure 1).

Pearson correlations were used to assess
outcomes for concussion and moderate–
severe TBI knowledge and confidence about
knowledge. TBI knowledge did not correlate
with confidence (r(246) = .003, p = .959).
Concussion knowledge correlated with confi-
dence (r(246) = .126, p = .048), so that higher
confidence ratings were weakly associated
with higher knowledge scores.

General linear models predicting TBI
knowledge scores from a combination of TBI
confidence, a demographic characteristic,
and an interaction of the two were consid-
ered. There was no evidence for a different
relationship of confidence with knowledge
according to group (F(4, 235) = 1.293, p =
.273), sports participation (F(2, 239) = 0.241,
p = .786), history of TBI or concussion,
(F(2, 239) = 0.471, p = .625), or knowing
someone with TBI or concussion (F(3, 237) =
0.761, p = .761). The same was also true of
concussion for each of the four demographic
predictors: group (F(4, 235) = 0.540, p = .707),
sports participation (F(2, 239) = 1.030, p =
.358), history of TBI or concussion (F(2, 239)

= 1.677, p = .189), or knowing someone
with TBI or concussion (F(3, 237) = 1.621,
p = .185). In sum, none of the demographic
variables predicted the relationship between
confidence and knowledge.

DISCUSSION

This study aimed to describe knowledge
patterns about TBI and concussion in the gen-
eral public, and to consider how that knowl-
edge was related to ratings of confidence. Par-
ticipants ranged from 10 to 65 years old, and
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represented primarily students and parents,
but also small samples of educators, grand-
parents, and other adults. To our knowledge,
this was the first study to compare knowl-
edge and confidence across TBI and concus-
sion. In addition, it was also notable that we
targeted the general public, regardless of cur-
rent involvement in organized athletics as had
been the focus of previous research. Further-
more, it was unique in comparing knowledge
between children as young as 10 years and
their parents, as much of the previous litera-
ture has examined knowledge about TBI and
concussion only among adults. Our interest
in confidence as compared with knowledge
was to consider how well placed that confi-
dence may be, as well as how receptive this
audience may be to education efforts. Results
provide a snapshot as to how information
about TBI and concussion may be reaching
and understood by the general public, and
how open the public may be to educational
efforts.

TBI knowledge

There were no differences across groups
in TBI knowledge. Group means hovered
around 60% accuracy (see Table 2), suggest-
ing that similar information about TBI is reach-
ing (or perhaps, not reaching) all of these
groups. Only knowing someone with a his-
tory of concussion or brain injury was asso-
ciated with higher scores, adding about 7%
of accuracy to score totals. No other predic-
tors were significantly associated with change
in TBI knowledge scores. Some other inves-
tigations have similarly found that knowing
someone with TBI is associated with higher
knowledge scores, either personal (Hux
et al., 2006) or professional (Schellinger et al.,
2018). It is unclear whether this relationship
is driven by direct observation of the effects of
TBI, or whether someone who has a personal
connection to the injury may be more likely
to seek out resources, or to engage with re-
sources when encountered (or perhaps some
combination of these). Either way, this find-
ing is consistent with the literature on TBI
knowledge in the general public, and may be

an avenue in which people are particularly
open to education.

Item-by-item analysis showed that students
responded with greater accuracy as compared
with parents on two statements—“People in
a coma are usually not aware of what is hap-
pening around them,” and “People who have
survived a brain injury can forget who they
are and not recognize others, but be normal in
every other way” (see Table 2). In both cases
though, student accuracy was low (55% and
24%, respectively), thus reflecting that stu-
dents may not have had more knowledge, but
rather, less incorrect knowledge. In a dichoto-
mous response variable, accuracy around 50%
indicates likelihood of some guessing, and
students may not have known enough about
comas to know if someone was aware of
their surroundings or not. In contrast, parent
mean accuracy of 33% suggests that parents
were somewhat more sure of the incorrect
response. Similarly, parents as a group ap-
peared to have the misconception that severe,
isolated retrograde amnesia is a common
consequence of TBI, as accuracy was very
low for the parents on the forgetting others
item at just 10% correct. A quarter of students
correctly rejected this item. Although periods
of retrograde amnesia do occur following TBI,
this is typically restricted to the period just
prior to the injury (Capruso & Levin, 1992).
Loss of self-identity or the ability to recognize
well-known friends and family is quite rare.
Such severe retrograde amnesia also typically
occurs in the setting of a wide range of cog-
nitive (and possibly physical deficits), rather
than a person who is “normal in every other
way” (Vakil, 2005). This item has been shown
to be consistently missed in the general public
(Gouvier et al., 1988; see Hux et al., 2006 for
discussion; Merz et al., 2016; Willer, Johnson,
Rempel, & Linn, 1993; see Rosenbaum &
Arnett, 2010 for similar response in high
school students on an adapted concussion
item), and is believed to reflect the influence
of media representations of TBI, in that
having a character seeking his or her identity
after a blow to the head is a common narrative
device. With their younger age, students may
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have had less exposure to this inaccuracy than
parents.

Parents were more accurate than students
also on two items—namely, “Brain injuries
may cause one to feel depressed, sad, and
hopeless,” and “Once a person is able to walk
again, his or her brain is almost fully recov-
ered.” In contrast to the previous discussion,
in both of these cases, means were well above
50%, so that parents had more knowledge
than students (rather than fewer incorrect
perceptions about TBI as with the student-
favored items). At 93% accuracy, parents were
more aware of the emotional consequences
of TBI. Parent accuracy aligns well with other
measures of this item (e.g., also 93% correct
in Schellinger et al., 2018), although student
responses did indicate good awareness of this
consequence, with 80% of students correctly
identifying this statement as true. Emotional
consequences of concussion are often
the symptoms least likely to be identified
(Cusimano et al., 2017; Dreer et al., 2016),
but these respondents had good awareness
that emotional changes may occur following
a more significant injury. Students were more
likely to incorrectly associate ambulation with
recovery, and were just 66% accurate in their
responses to this statement. Parents may have
had more perspective on the complexity of
the injury, and that walking was a unitary skill
that may or may not be reflective of overall
recovery.

Concussion knowledge

Both being a student and knowing someone
with TBI were associated with performance
on the concussion subscale. Being a student
reduced scores, whereas knowing some-
one increased scores. However, this model
accounted for just 9.6% of the variance in con-
cussion scores, suggesting other information
that was not accounted for by our predictors
would add value to our understanding of
concussion knowledge. Other studies have
found associations between education,
socioeconomic status, and race on measures
of knowledge (Cusimano et al., 2017; Lin

et al., 2015) that may have added predictive
value here.

Although we found that parents and other
adults have greater knowledge than students
about concussion, students performed fairly
well overall, and even had higher accuracy
on one item as compared with parents. Dif-
ferences by group on concussion knowledge
may indicate that parents and other adults
have greater access or awareness of concus-
sion than students. That this difference did not
appear on the TBI subscale suggests similar ac-
cess (or rather, lack of access) across groups
to information about TBI. Adults may be more
likely to encounter media reports about con-
cussion, or to alert to this information when
considering the safety of their children or
others.

Parents responded with greater accuracy
than students on three items—“People who
have had one concussion are more likely to
have a second one,” “If you receive one con-
cussion and you have never had a concussion
before, you will become less intelligent,” and
“There is rarely a risk to long-term health and
well-being from multiple concussions” (see
Table 3). For the increased likelihood of a
second concussion, parents were 66% accu-
rate. Student accuracy of 41% is similar to that
of Rosenbaum and Arnett’s original sample of
high school students, who were 46% accurate
(Rosenbaum and Arnett, 2010). Given that
this is an item that directly relates to preven-
tion of future injuries within a high-risk group
(those with a history of concussion), these
levels of accuracy suggest a targeted need for
education. Prior research also supports the
need for education regarding the risk of sub-
sequent concussion. For example, surveys of
coaches and athletes who received concus-
sion education revealed better performance
on this item, with accuracy ranging from 77%
to 94% (Anderson, Gittelman, Mann, Cyriac,
& Pomerantz, 2016; Hildenbrand, Richards,
& Wright, 2018; Kroshus, Kerr, DeFreese, &
Parsons, 2017), suggesting the effectiveness
of education around subsequent risks.

Both parents and students scored well
on the item regarding intelligence, although
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students were not as likely as adults to cor-
rectly reject this item (85% accuracy vs 93%,
respectively). Parents were also more accu-
rate at recognizing risks to long-term health
from multiple concussions, with 75% of par-
ents correctly responding to this question,
as compared with just 60% of students. For
both groups, these numbers are lower than
those reported for groups that would be ex-
pected to have encountered formal education
on concussion (e.g., Chapman et al., 2018;
Hildenbrand et al., 2018). The lower accuracy
in the current sample may reflect the public
attempting to interpret media reports about
long-term effects of multiple concussions and
being unclear on how that balances with re-
covery after concussion. Alternatively, this
could also reflect differences in concussion
education within this sample that were not
accounted for in our demographic informa-
tion, although sports participation (and per-
haps greater access to education through that
involvement) was not associated with concus-
sion scores overall.

Students outscored parents on the item stat-
ing, “After 1–3 weeks, symptoms of a concus-
sion are usually completely gone,” although
as with the TBI items on which students fa-
vored parents, this also appears to be a case
of the students being less likely to be wrong,
with 43% of students responding correctly
that symptoms should have resolved within
this frame, as compared with just 23% of par-
ents. This item has had low accuracy across
other studies as well, and was an item mod-
ified for this survey to reflect that recent re-
search has challenged the 10-day timeline to
recovery that was originally written into the
RoCKAS (McCrory et al., 2017). Our survey
reflected a more liberal window of time to re-
covery, yet our participants responded with
similar accuracy to the previously cited inves-
tigations using the RoCKAS. Rosenbaum and
Arnett (2010) found a much higher rate of ac-
curacy at 53%, suggesting that concerns about
the window of recovery may have increased
over time. Although the item does not indi-
cate in which direction parents and students
may be erring, as in, do participants believe
that concussions resolve more quickly ver-

sus more slowly, participants in both groups
agreed with item 5, that it can take weeks to
recover from a concussion. Agreeing with the
longer time frame, and disagreeing with the
1- to 3-week time frame, suggests participants
are overestimating typical recovery timelines.

Item 6, that imaging reveals changes in the
brain after concussion, evinced poor perfor-
mance from both groups, and is a consistent
misperception about concussion. Because
imaging is often performed in emergency de-
partments when a person presents with a pos-
sible head injury, the public may believe this
tool to an important diagnostic component.
Imaging is typically used to rule out more
significant injuries though, and the possible
need for emergent neurosurgical intervention
(McCrory et al., 2017). Such misperceptions
may lead to confusion as to whether or not
a concussion has occurred, particularly be-
cause neuroimaging reveals clinical findings
in few concussions or mild TBIs (Jagoda et
al., 2002; Lange et al., 2012). Increased un-
derstanding of diagnosis of concussion could
lead to better management afterward as well.

TBI and concussion knowledge

Overall, performance was higher on the
concussion subscale than on the TBI subscale.
This finding should be interpreted with some
caution, as questions were not necessarily bal-
anced across the two subscales. Both reflected
commonly used tools, but the questions do
not necessarily mirror each other in terms of
salience, and so comparison may be limited.
It is of some note though, that groups did not
differ on the TBI knowledge, but differences
were present between students as opposed
to parents and other adults on the concussion
scale. This suggests a fairly even exposure to
information about TBI as a whole, with the
two items on which students outperformed
adults, revealing some misperceptions that
had not yet fully formed. On the other hand,
differences between groups on the concus-
sion scale do indicate that parents and other
adults are accessing information that students
are not, or not yet. Students may encounter
information about concussion in the media
less than adults. The fact that differences
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between students and grandparents or edu-
cators were not observed may be due to small
sample sizes in those groups that a larger study
could reveal. Figure 1 shows trends toward all
adults knowing more about concussion than
students.

Confidence

Participants overall had moderate levels of
confidence, suggesting openness to learning
more about TBI and concussion. Confidence
measures showed weak associations with
concussion knowledge only, and were not
associated with TBI knowledge, confirming
that feelings of confidence are not associated
with actual knowledge. This dissociation, or
very weak association, between thinking that
knowledge is correct and actual measures
of correct knowledge has been observed
previously (Rieger et al., 2018; Weber &
Edwards, 2012), but not in parents and
students. Confidence is a false indicator of
knowledge, and belief in confidence can
reduce behaviors associated with increas-
ing knowledge. Essentially, why seek out
knowledge if you think you already have the
knowledge? Perhaps encouragingly, students
had the lowest levels of confidence for
both TBI and concussion knowledge (see
Figure 1), although only concussion was
significantly different than other groups, and
was only different as compared with parents
(again, detection of differences between
students and other groups may have been
limited by the smaller sample sizes in those
groups). This underconfidence in students
was well placed, as students also had lower
knowledge scores than parents. The fact that
students were unsure about their responses
indicates that students may be in a cognitive
set appropriate to learning about concussion,
and the lack of confidence may represent an
opportunity to increase knowledge.

Implications for future research on
public knowledge of TBI and concussion

Taken together, the findings of the current
study suggest that although the general pub-
lic demonstrates fairly good knowledge about

certain aspects of brain injury, important gaps
in the public’s knowledge base continue to
exist, including endorsement of a variety of
misconceptions about injury and recovery. Al-
though we collected data on predictors be-
lieved to be associated with TBI and concus-
sion knowledge, these had little relation to
our outcomes. Although certain demographic
variables were predictive of knowledge (i.e.,
knowing someone with TBI or concussion
and status as a parent in the case of concussion
knowledge), the variance accounted for in our
models was low. This suggests that other de-
mographic variables may be important predic-
tors of knowledge and/or that other ways of
coding our demographic variables might have
resulted in increased predictive power.

For example, it is possible that the nature of
the relationship with someone with brain in-
jury impacts knowledge. This study, as was
the case in many previous studies, coded
knowing someone with brain injury as a di-
chotomous variable, due to a need to keep the
survey short. However, this kind of personal
experience exists on a continuum. Thus, par-
ticipants in this sample may have had diverse
experiences, from having close contact with
an immediate family member with brain injury
to a single interaction with a more distant ac-
quaintance with brain injury. It is possible that
more fine-grained coding of the degree and na-
ture of experience with someone with brain
injury might have resulted in a larger effect
and more nuanced results. Future research
should examine this possibility, as it may in-
form future educational campaigns about the
potential benefit of involving individuals with
TBI in the provision of education.

We found relatively little impact of par-
ticipant group on knowledge. Given that
students could attend this expo with a variety
of adults, we asked adults to categorize them-
selves into parents, grandparents, educators,
and other adults. Parents made up the largest
group, but some of our analyses of the other
categories of adults were likely limited by
low numbers within these groups. Future
work may explore how parents compare
to other stakeholders such as educators or
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grandparents with greater sensitivity to differ-
ences in knowledge than were achieved here.

Future research could also include a wider
range of possible predictor variables. Because
of the setting of this survey, we assumed
many students may attend the science expo
without a parent present (e.g., students may
attend with after-school programs, relatives,
or with a group of friends) and may not be
accurate reporters of some factors previously
found to be associated with knowledge
scores, such as parent education level or
socioeconomic status. Similarly, an additional
limitation is that we did not ask participants
to report their racial or ethnic background.
It was not a particular goal of this study to
explore the role of race or ethnicity in regard
to concussion or brain injury knowledge; in-
stead, we sought to capture a snapshot of the
general public that was not associated with
sports or health care settings. If we had col-
lected this data, it may have been a strength
of this study because the expo data suggest
that our sample likely included a range of
student and parent backgrounds in regard to
this demographic descriptor. Relatively little
previous research has specifically targeted
ethnic and racial minorities, but there is some
evidence that individuals with TBI who are
non-U.S. born or speak Spanish as a primary
language may have greater educational needs
about TBI than the general public (Pappadis,
Sander, Struchen, Leung, & Smith, 2011).

Another important variable that may
impact knowledge is previous educational
experiences about TBI and concussion.
Concussion education is now required
as part of return-to-play laws. These laws
typically mandate concussion education
for athletes, but the education may take
many forms—pamphlets, webinars, verbal
information from team representative, or a
signed form—and address many different
areas of concussion knowledge, from defi-
nitions to prevention and treatment (Baugh
et al., 2014). Due to time constraints, our
survey did not ask about education sources,
if participants had participated in previous
training about concussion or brain injury, or

had encountered information about either
through media sources. Better understanding
about the impact of various forms of educa-
tion on knowledge would help improve the
design and format of educational initiatives.

The current study also has implications for
the design of survey instruments used to ex-
amine public knowledge of TBI and concus-
sion. To resemble materials familiar to stu-
dents, we designed our survey to include
only true and false as options for responses
to items. Participants were therefore faced
with a forced choice, and could have ran-
domly selected a response. If we presume that
guessing would result in accuracy in range
of 50%, our data (see Tables 2 and 3) sug-
gest that this was largely not the case. Given
the number of respondents, a few items do
suggest that participants were unsure (such
as item 6 from the brain injury set, which
posits that a second blow to the head can re-
solve problems from the first), but most items
show the sample tending toward a particu-
lar response. Response accuracy on individual
items also resembled other published litera-
ture, suggesting that the simplification of the
item responses to a binomial forced choice re-
sulted in valid results. However, using a 5-level
disagree-to-agree scale with a neutral central
item likely would have produced a more nu-
anced picture of what students and parents
report knowing and not knowing.

We also intentionally used instruments that
have been well-documented in the literature,
so that comparisons could be drawn between
the results of the current study and the ex-
isting literature base. As a result, however,
we were unable to capture knowledge about
aspects of brain injury, which are not con-
tained on these instruments. For example,
neither the RoCKAS nor the CM-TBI con-
tains items about communication challenges
after brain injury, and each only addresses
a few items related to cognitive outcomes.
As a result, neither our study, nor the ma-
jority of the previous work on brain injury
knowledge, can speak to the public’s knowl-
edge about these challenges, including the ef-
fects of cognitive impairments on discourse
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production and pragmatics. Thus, future re-
search should examine public knowledge in
these domains.

Finally, future research should examine va-
lidity of the survey items, particularly those
contained within the CM-TBI. To our knowl-
edge, only a single study has formally ex-
amined the validity of the CM-TBI. Linden
et al. (2013) conducted a principal compo-
nents analysis to examine the factor structure
of the CM-TBI. Their findings suggested re-
moving roughly half the items from the orig-
inal survey that did not load onto any of the
four factors. However, their analysis was per-
formed on a version of the CM-TBI that was
modified to refer only to pediatric TBI us-
ing responses from a narrow subset of the
population—namely, educators in the United
Kingdom. Therefore, we selected items from
the full set of questions. Various other re-
searchers have attempted to improve the clar-
ity of the CM-TBI items through a variety of
methods, including asking multidisciplinary
health care providers to review items, mod-
ifying the wording based on expert opinion,
and selecting items deemed most critical for
the public to know (e.g., Springer et al., 1997).
We selected items that had been previously
modified for clarity, but it is still possible
that the public’s low accuracy on some items
may relate, at least in part, to ambiguity or
uncertainty regarding the wording of certain
items. To explore this possibility, future work
could examine qualitative data about partic-
ipants’ rationales for their responses on spe-
cific items.

Implications for education initiatives

The findings of the current study highlight
the need for continuing efforts to educate
the public, regardless of their involvement in
athletics. However, relatively little is known
about the optimal design and long-term
effects of this education. The finding that
involvement in athletics (and therefore
probable receipt of some form of concussion
education) was not associated with increased
knowledge about TBI or concussion in either
students or parents is concerning, although

not necessarily unexpected given the results
of previous research on the topic.

A number of educational programs exist,
and the effectiveness of education is the
focus of much current research (e.g., Caron
et al., 2017; Kurowski, Pomerantz, Schaiper,
& Gittelman, 2014; Rice & Curtis, 2019).
In general, research suggests that many of
these programs are effective in improving
knowledge (Glang et al., 2015; McAvoy,
2009). In particular, the Centers for Disease
Control and Prevention maintains training
and fact sheets about concussion and TBI
that is designed for a variety of groups,
such as students, educators, health care
providers, parents, and coaches (Centers for
Disease Control and Prevention, 2017), and
recent evidence suggests that this source can
improve concussion knowledge, particularly
when tailored to the individual’s baseline
knowledge set (Rice & Curtis, 2019). Other
knowledge interventions, such as short
educational videos (Schellinger et al., 2018),
have been successful in shifting public knowl-
edge, but most educational interventions
are targeted toward athletes or parents of
students at risk for sports concussion (e.g.,
Bagley et al., 2012; Wallace, Covassin, &
Beidler, 2019), and not concussion from
other mechanisms, or brain injury more
broadly.

There is relatively little research examin-
ing the optimal design of educational pro-
grams, although there is some evidence that
active learning approaches are more effec-
tive (Wallace et al., 2019). Furthermore, most
studies of the effectiveness of educational
initiatives only measured immediate gains in
knowledge and failed to evaluate long-term
effects. In one study, Cusimano, Chipman,
Donnelly, and Hutchison (2014) observed
that an educational video resulted in initial
gains in concussion knowledge in athletes,
but that these gains were not maintained at a
2-month follow-up. Therefore, future research
should also examine long-term effects of ed-
ucation and what design variables maximize
not only initial learning, but also retention of
knowledge.
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CONCLUSION

The current study provides insight into
what the general public knows about TBI and
concussion, revealing strengths and weak-
nesses in which messages are accurately
reaching a broad audience. Importantly, the
current study examined the knowledge of stu-
dents as young as 10 and recruited partici-
pants outside of an athletic context, each of
which has been previously underresearched.
In addition, this study expanded upon previ-
ous research by making direct comparisons
between the knowledge of students and par-
ents and examining the relationship between
knowledge and confidence in that knowl-
edge. Findings suggest that parents and adults
have better concussion knowledge, but that
students are aware of many important as-
pects of concussion. Perhaps most impor-
tantly, our confidence data show that stu-
dents are less confident than adults about their
concussion knowledge, and are underconfi-
dent about their knowledge. This undercon-
fidence leaves open the door for learning, so

that students are likely in a position to en-
gage with resources when provided. Our data
also may indicate that some facts about con-
cussion are discussed in the media and other
venues in which a wide range of the pub-
lic participate. In contrast, public misconcep-
tions about TBI appear to be fairly stable, with
little change in scores of public knowledge
across multiple studies over the last three
decades (Ralph & Derbyshire, 2013). A con-
sideration of these two kinds of knowledge
about brain injury can lead to improved ef-
forts to increase public understanding of the
effects of TBI and concussion. Specifically, ed-
ucation should address the entire continuum
of TBI severity, mechanisms and neurological
effects of injury, and timelines/patterns of re-
covery. In addition, education on long-term
effects of brain injury and its cognitive con-
sequences is needed. Future research should
continue to examine the best ways to pro-
vide this education, as there is still relatively
little known about the optimal ways to de-
sign educational initiatives to maximize their
impact.
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