INTERNATIONAL JOURNAL OF
-EXERCISE SCIENCE-

Original Research

Neither Personal or Teammate Concussion Experience Influences Collegiate
Athletes” Attitude or Knowledge of Concussions

Danielle C. Roy*!, Michelle Laurencet, Jairus Quesnele*’, Tara Baldisera*?, Shannon Kenrick-Rochon®,
Sylvain Grenier*

!School of Human Kinetics Laurentian University, Sudbury Ontario, Canada; 2Northern Ontario School
of Medicine, Sudbury Ontario, Canada

*Denotes student investigator, TDenotes early-career investigator, $Denotes established investigator

Abstract

International Journal of Exercise Science 19(6): 6007, 2026. Many athletes continue choosing not to
report symptoms of a concussion. While modifiable factors like attitudes and knowledge are targeted to improve
reporting, evidence of their actual influence on behaviour is mixed. One purpose was to examine if a concussed
player’s injury influenced their own knowledge and attitudes about concussions. The second purpose was
to determine the influence of a current concussion on the knowledge and attitudes of both athletes and their
teammates. A longitudinal study recruited 133 collegiate varsity athletes (64 females, 69 males) from contact sports
at one Canadian university, completing 201 surveys across two seasons (some completed multiple surveys: pre-
season, post-season, post-concussion). Participants used a validated survey (14 attitude, 35 knowledge items).
Non-parametric tests (Kruskal-Wallis, chi-squared, Wilcoxon’s, McNemar) analyzed data, with P<0.05 significance.
For direct concussion experience, overall attitude and knowledge scores did not differ. Attitude scores did not
differ for the shared concussion experience but one knowledge item, ‘bleeding from the nose” as a false symptom
significantly decreased from 75% pre-season to 52.5% post-season (Cohen’s g = 0.41). These findings indicate that
direct or shared concussion experiences have limited impact on overall knowledge and attitudes. Coaches must
become aware of athletes whose attitude toward concussion is negative or deteriorating, i.e. difficulty or reluctance
to report symptoms. While low aggregate scores imply that overall education is ineffective, a negative shift in
knowledge of a specific knowledge item, like ‘bleeding from the nose” in teammates, further highlights the need for
modified concussion education strategies.
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Introduction

Sport-related concussions have become a growing concern in today’s society. Concussions are
consequential and often disregarded injuries affecting many athletes.? If symptoms are ignored,
left unresolved and/or athletes return to play too quickly, the risk of more severe consequences
increases (i.e., increased symptoms, recovery time, and susceptibility to other injuries:
musculoskeletal, or, in rare cases, brain swelling and/or death).>” Even with these risks, an
estimated one-half of athletes continue playing through concussion symptoms and fail to report
them.'?® Many factors related to underreporting have been identified and are classified as non-
modifiable risk factors (i.e. gender, age)*® but some are modifiable risk factors (i.e., knowledge,
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attitude).” Accordingly, interventions targeting these modifiable factors have been suggested
as a strategy to prevent injuries in athletes.! Current literature on concussion knowledge and
attitudes suggests these modifiable factors can affect reporting behaviors,'’ however it is still
unclear to what extent either knowledge or attitudes can actually be modified or what the effect
of doing so might be.

Register-Mihalik et al found that young athletes with greater knowledge on concussions were
better able to recognize the signs and symptoms and seek help however this did not necessarily
result in changed behaviour which appears to be somewhat more complex.”’ In addition,
a healthy attitude toward concussions resulted in higher intentions of reporting, while an
unhealthy attitude drove players to continue playing and avoid seeking help.!*"! While caution
is appropriate in comparing adolescent and collegiate athletes due to variable lived experiences
and environments, in general, athletes with a concussion history were observed to be somewhat
more knowledgeable and able to successfully recognize more symptoms.! However, athletes
with a concussion history were also more likely to have unhealthy attitudes and behaviours
than those with no previous reported concussions.'**'?> While knowledge appears modifiable,
the development and modification of attitudes, which seem more closely related to behaviors,
remain less understood. Modifying behavior is complex and reporting decisions are influenced
by psychosocial and contextual factors that can override knowledge.'***'> External factors like
institutional policies, visibility of symptoms (e.g., loss of consciousness), and athletic environment
can play a greater role in reporting immediacy than individual knowledge or attitude.®'%'41617

Attitude is defined as a “relatively enduring organization of beliefs, feelings and behavioral tendencies
towards socially significant objects, groups, events or symbols”,'®* while knowledge can be defined as
“facts, information, and skills acquired by a person through experience or education” . The experience
of a concussion can explain the modification of concussion knowledge in athletes® but formal
concussion education has been shown to have variable levels of effectiveness to influence
knowledge, depending on the delivery method.?# Conversely, the influence of attitudes is much
more difficult to predict. Bloom et al suggest the previous experience of a concussion may leave
players with psychological effects and negative thoughts, thereby influencing their attitudes and
behaviors in an unhealthy way.” For example, being removed from play,'*""” disappointing
teammates,'"'** and a previous long recovery process” may be motivating factors for not
reporting a concussion.

While experienceappears to play asignificantroleinknowledge and attitude modification, ' >1¢20%
it is possible that directly experiencing a concussion is not necessary for knowledge and/or
attitudes to be modified or that these changes not be confounded by the physiological effects
of directly experiencing a concussion. This raises the question of whether the direct or shared
(teammate) experience of a concussion influences knowledge or attitude toward concussions?
Since teammates are key contributors to player recovery® and are likely to be present at concussive
events (since concussions most likely occur during practice and competitions),” concussed
teammates may influence players knowledge and attitudes. Therefore, one purpose was to
examine how sustaining a concussion affected athletes” own knowledge and attitudes (Objective
1). The second purpose was to determine whether a concussion influenced an athlete’s or their
teammates’ knowledge and attitudes about concussions (Objective 2). We hypothesized that
knowledge would be greater in the currently concussed group while attitudes would be worse.
We also hypothesized that teammate knowledge would increase and their attitude towards
concussions would be worse due to their exposure to a teammate’s concussion recovery.
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Methods

Participants

The study involved 133 collegiate varsity athletes (64 females, 69 males) from one Canadian
university. Participants were selected from the contact sports of ice-hockey, soccer, basketball,
and lacrosse. The study employed a pragmatic approach to sampling this accessible population,
recruiting a sample of convenience. Athletes from 1 to 6 academic years of study participated:
62 in Year 1, 45 in Year 2, 40 in Year 3, 35 in Year 4, 18 in Year 5, and 1 in Year 6. For objective
one, attitude and knowledge changes of personal experience or currently concussed athletes, the
inclusion criteria were: 1) collegiate varsity athletes playing contact sports, who 2) completed
the pre- and post-season surveys, and, if applicable, 3) a post-concussion survey. There were
no exclusion criteria. Here there were 93 participants, 16 with concussions (11 pre-season and
27 post season surveys) and 77 without concussions. For objective two, assessing the influence
of a shared experience or concussed teammate, the inclusion criteria were: 1) completing both a
pre- and post-season survey, 2) being an active teammate on a team with a concussed player, and
3) finishing the athletic season as a team member. There were no exclusion criteria. Here there
were 40 participants, 115 pre-season surveys and 48 post season surveys. Athletes were asked
to complete the survey at pre- and post-season. Additional surveys were provided during the
concussion recovery. All athletes provided voluntary informed consent during their pre-season
concussion baseline protocol. The study was approved by the University Research Ethics Board.

Protocol

The survey was used during two athletic seasons. A combined total of 201 surveys were returned
(106 from females, 95 from males) from 133 individuals across two athletic seasons representing
breakdown of the surveys rather than participants where some participants completed surveys
across multiple time points (Figure 1). Once athletes consented to study participation they were
emailed a link to an anonymous google form survey to be completed prior to their season (a
“baseline” survey). Follow-up, post-concussion surveys (in the same format) were only provided
to athletes during the second athletic season. In every case participants received a link to the form
via email. The participant’s email and team/sport was collected via the form. Participants were
then assigned an identifier code but the team and sport was tracked. That combination allowed us
to determine athlete/teammate combinations required by the study. Those who were diagnosed
with a concussion within the first athletic season were asked to complete a post-concussion
survey at the beginning of the second season if the concussion was resolved (3 cases). This served
to determine the attitudes and knowledge for the long-term post-concussion periods. Eight
participants completed 3 surveys. Of these 8, 2 completed the final survey administered in the last
(Jan - April) academic term of the study, The other 6 completed intermediate surveys linked to
their recovery stage. Six participants completed 2 surveys but did not complete the final survey.
Again, in these cases the second survey was linked to their recovery stage. All other participants
completed both the initial survey; in September-November of year 1 (54 participants) or year 2
(27 participants) and the final survey in January-Feb of year 2. (Note that because recovery is
highly variable, the timing of these surveys was also highly variable): one survey was submitted
mid-recovery (~ Stage 3 of concussion rehabilitation protocol) and another upon return to play/
tull recovery status. Some also completed another survey 3-6 months’” post-concussion for the
study. This served to determine the knowledge and attitudes of the short-term post-concussion
periods. Since the survey was used during two athletic seasons, some athletes completed it more
than once. At the end of the second season, the surveys were sorted based on player membership
to the following groups: Non-concussion group (n=163), consisting of pooling non-current and
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no concussion groups, and Concussion group (n=38) as well as Pre- and Post-season for those
who qualified as non concussed teammates of a concussed player. A current concussion was one
that had not resolved through medical treatment.

133 participants (201 surveys)

/\

16 with 117 without
11 pre- 27 post-concussion 115 preseason 48 postseason
season surveys® surveys surveys

surveys -

40 participants with both pre
and post surveys and a
concussed teammate

*Some participants completed post concussion surveys
multiple times during recovery stages

Figure 1. The distribution of surveys across the population of 133 players. Participants with no concussion were
pooled with those who had no current concussion.

The survey used was developed by Register-Mihalik et al®® and has been tested for validity
and reliability (knowledge Cronbach [ = 0.72 and attitude Cronbach [ =0.80) (10). The survey
consists of demographic items including name, gender, year of study and number of previous
concussions. There are 14 attitude questions which seek to determine concussion attitudes based
on education and reporting behaviours. A series of 35 knowledge questions follow and these are
centered on concussion signs, symptoms, complications and risks to determine overall general
concussion knowledge. Attitude scores were based on a 7-point Likert scale (1-7) and thus score
range was 14 to 98 with a higher score indicating a more favourable and positive attitude towards
concussions in relation to reporting behaviours. Scoring of knowledge was based on correct
answers. If a question was answered correctly, a point was given to the individual. Scores range
from 0 to 35 with a higher score representing higher knowledge of concussions.

Statistical Analysis

All of the data was assessed using statistical analysis in the R program.” The data items were
initially tested for normality using the Shapiro-Wilk test, and for homogeneity using the
Levene’s test. All data was determined to be non-normal and, despite several attempts, could
not be sufficiently transformed. Therefore, the data was evaluated using non-parametric tests.
The Kruskal-Wallis rank sum test was used to determine differences in attitude scores between
concussed and non concussed athletes but, between pre and postseason attitude scores where
athletes had a teammate with a concussion a Wilcoxon Signed-Rank test was used. For the 35
individual knowledge items, a chi squared test was used to determine differences between
concussed vs non concussed athletes but, between pre and post season scores of athletes who had
a teammate with a concussion a McNemar test was used. In all cases, a significant difference was
determined based on a P-value of alpha<0.05. While a priori power analysis was not conducted
to determine the sample size for this study, effect sizes were calculated and reported for each test
conducted (Tables 1 to 4).
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Results

Concussion History Statistics

The survey recorded, by self-report, whether a single or multiple previous concussion(s) had been
diagnosed. Since many athletes reported having been previously diagnosed with a concussion,
our data included athletes with no concussion histories, non-current concussion histories and
current concussion histories. Because the study was aimed mainly at athletes with a current
concussion history which occurred during the study period, we conducted a statistical analysis to
determine whether non-current concussion history could be pooled with no concussion history.
Non parametric tests conducted on all of the response variables revealed no significant differences
between the two groups, therefore, we pooled the non-current and no concussion history groups.
The result was two groups: “Non-concussion group” (no concussion during study period) and
“Concussion group” (concussion during study period).

Athlete Attitude Concussion Status Descriptive & Inferential Statistics

Having suffered a concussion did not change an athlete’s attitude total score (Pre mean = 79.9;
SD =9.7; Post mean = 79.7; SD =10.8, figure 2). For the individual items (Table 1), athletes in both
groups answered that reporting a concussion was “Good”, “Brave”, “Beneficial”, “Important”
and “Valuable”. For those with a current concussion as compared to those without, the difficulty
associated with reporting symptoms indicated a moderate effect size and statistically compelling
unadjusted p-value. (P=0.03; P . = 0.47; n?=0.024; Table 1). Specifically, the non-concussion
group had a median score of 4 for symptom reporting, while the concussion group’s median was 3,
suggesting a noticeable reduction in the perceived ease of this task during the acute recovery period.

Table 1. Athlete Attitude vs Concussion Statistics.

Attitude Question/ Item x2 P igolm 2
How important you thlpk it is to take a headache or dizziness after a blow 0.63 0.73 1 ~0.0068
to the head or body seriously

How important you think it is to not participate in physical activity game 0.14 0.93 1 20,0093

or practice when experiencing signs and symptoms of concussion
How important you think it is to be informed about how concussions happen 0.37 0.83 1 -0.0081
How important you think it is to be informed about how concussions can

2.28 0.32 1 0.0014
be prevented
How important you think it is to be informed about what to do if you 450 010 1 0.0126
have a concussion
How important you think it is to report signs and symptoms to a medical 0.20 0.91 1 -0.0090

professional eg doctor athletic trainer or coach

Your level of agreement with the following statement :

Athletes are undereducated about concussion 0.54 0.76 1 -0.0073
Check the box about how you feel about the following statement for each pair of words listed: For me to report
possible signs and symptoms to a coach or a medical professional when I experience them

Cowardly / Brave 0.04 0.98 1 -0.0098
Embarrassing / Pleasant 221 0.33 1 0.0011
Harmful / Beneficial 3.14 0.21 1 0.0057
Extremely difficult / Extremely easy 6.79 0.03 0.47 0.0239
Bad / Good 1.29 0.52 1 -0.0035
Unimportant / Important 3.48 0.18 1 0.0074
Worthless / Valuable 1.22 0.54 1 -0.0039

Attitude scores (14 items, scoring between 1 and 7) were classified in two groups: a non-concussion (NC) and
concussion group (C). The median, standard deviations (SD), x> and P-value of a Kruskall-Wallis test were calculated
between the two groups to determine if there are significant differences.
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Athlete Knowledge Concussion Status Descriptive & Inferential Statistics

Knowledge percentage scores ranged from 23-100% correct for those with no concussion and 11.1-
100% correct for the concussion group (figure 2). Out of the 35 knowledge items, after applying
the Holm correction, none showed a significant difference between the two groups (Table 2).
“Increased risk for further injury” (P=0.07; P, = 1; Cohens w = 0.14), demonstrated a medium
effect size indicating that the non-concussion group tended to more frequently and correctly
identify this as a complication of multiple concussions, suggesting a genuine and substantively
important disparity in knowledge regarding subsequent injury risk. The effect size is considered
to be medium when > 0.2 but overall the effect size was small to medium for the chi-squared test.
While there was little difference between concussion groups, the results demonstrate a general
lack of knowledge in both groups pertaining to many items such as amnesia, bleeding from the
ear, insomnia, numbness or tingling of arms and weakness in neck movements (Table 2).

Table 2. Athlete Knowledge vs Concussion Statistics.

Knowledge item ggzcelﬁsmn & l;)IOCCO(r)Iz?tISSIOn 02 p value cohen’s w Zgjltrll;te d
For me to report possible signs and symptoms to a coach or a medical professional when I experience them:
Abnormal sense of smell 82.05 72.63 1.64 0.20 0.10 1.00
Abnormal sense of taste 78.21 75.79 0.04 0.85 0.01 1.00
Amnesia 70.51 65.26 0.33 0.57 0.04 1.00
Joint stiffness 67.95 66.32 0.00 0.95 0.00 1.00
Blurred vision 98.72 97.89 0.00 1.00 0.00 1.00
Black eye 71.79 73.68 0.01 0.92 0.01 1.00
Bleeding from the ear 61.54 52.63 1.04 0.31 0.08 1.00
Bleeding from the mouth 75.64 80.00 0.25 0.61 0.04 1.00
Bleeding from the nose 61.54 71.58 1.53 0.22 0.09 1.00
Confusion 97.44 95.79 0.03 0.86 0.01 1.00
Fever 84.62 73.68 2.43 0.12 0.12 1.00
Dizziness 98.72 97.89 0.00 1.00 0.00 1.00
Headache 100.00 100.00 NA NA NA NA
Insomnia 70.51 64.21 0.51 0.47 0.05 1.00
Loss of consciousness 94.87 94.74 0.00 1.00 0.00 1.00
Nausea 93.59 90.53 0.21 0.65 0.03 1.00
1;‘;“;‘1’“955 ortinglingof ¢ 4y 55.79 0.00 1.00 0.00 1.00
Skin rash 98.72 97.89 0.00 1.00 0.00 1.00
Sharp burning pain in neck  57.69 58.95 0.00 0.99 0.00 1.00
Weakness in neck 78.21 75.79 0.04 0.85 0.01 1.00
movements

A coneussion only occurs if ;o 100.00 NA NA NA NA
you lose consciousness

If you are experiencing any

signs and symptoms of a

concussion after a blow

to the head o a sudden 91.03 90.53 0.00 1.00 0.00 1.00
movement of the body you

should not return to play

A concussion is an injury to - 75 5 67.37 0.42 0.52 0.05 1.00

the brain
Multiple concussions: Of the following, what are possible complications of having multiple concussions. Check all
that apply:

International Journal of Exercise Science http:/ /www.intjexersci.com




Int | Exerc Sci 19(6) 6007, 2026

No complications exist 91.03 85.26 0.85 0.36 0.07 1.00
Increased risk of further -, o 93.68 3.39 0.07 0.14 1.00
mjury

Brain damage 100.00 97.89 0.33 0.57 0.04 1.00
Joint problem 57.69 53.68 0.14 0.71 0.03 1.00
Memory problems 100.00 97.89 0.33 0.57 0.04 1.00
I don’t know 91.03 85.26 0.85 0.36 0.07 1.00

Returning to play too soon: Of the following, what are complications of returning to sporting activity while still
experiencing possible concussion symptoms? Check all that apply:

No complications exist 85.90 80.00 0.67 0.41 0.06 1.00
Increased risk of further injury 100.00 96.84 1.00 0.32 0.08 1.00
Brain damage 100.00 96.84 1.00 0.32 0.08 1.00
Joint problems 73.08 66.32 0.63 0.43 0.06 1.00
Paralysis 82.05 83.16 0.00 1.00 0.00 1.00
I don't know 87.18 84.21 0.11 0.74 0.03 1.00

Knowledge scores (35 T/F items) were classified in two groups: a non-concussion and concussion group. The
frequency, percentage of correct answers for each group, the Chi-Squared test and P-value, Cohen’s w and the Holm
adjusted P value were calculated for this comparison.

Athlete Teammate Attitudes Descriptive & Inferential Statistics

A player whose teammate suffered a concussion did not change their attitude about concussions
(Pre vs Post test) (Table 3). However some of the effect sizes (rank biserial) are very large and
negative indicating that most of the participants who did change their attitude score did so in
the same direction; in this case post-scores were lower (indicating a less favourable and positive
attitude) than the pre-scores.

Table 3. Athlete Attitude Pre vs Post Concussion for Teammates Statistics.

Attitude item V statistic P value P Holm Adj R.a nk‘
biserial

how important you think it is to take a headache or dizziness after

a blow to the head or body seriously 74.00 0.38 1 082

how important you think it is to not participate in physical

activity game or practice when experiencing signs and symptoms 140.00 0.19 1 -0.66

of concussion

how important you think it is to be informed about how 50.00 011 1 0.88

concussions happen

how important you think it is to be informed about how 110.50 0.84 1 073

concussions can be prevented

how.unportant you think it is to repo.rt s1gns and symptoms to a 8250 0.62 1 2080

medical professional eg doctor athletic trainer or coach

your level of agreement with the following statement: athletes are 190.50 0.78 1 054

undereducated about concussion
Check the box about how you feel about the following statement for each pair of words listed: For me to report
possible signs and symptoms to a coach or a medical professional when I experience them:

cowardly / brave 149.00 0.99 1 -0.64
embarrassing / pleasant 187.50 0.98 1 -0.54
extremely difficult / extremely easy 306.00 0.13 1 -0.25
bad / good 94.00 0.28 1 -0.77
unimportant / important 27.50 0.11 1 -0.93
worthless / valuable 157.50 0.30 1 -0.62

Attitude scores (14 items, scoring between 1 and 7) were classified in two groups to determine concussed teammate
influence on players attitudes. These groups consist of: a pre-concussion survey and post-concussion survey group.
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The median, standard deviations and P-value scores of a Paired Wilcoxon Signed-Rank test were calculated between
the pre-season and post-season surveys of teammates to determine if there are significant differences.

Athlete Teammate Knowledge Descriptive & Inferential Statistics

None of the individual knowledge items were significantly different between groups (Table 4),
except for one knowledge symptom; “Bleeding from the nose” (P=0.016, P, = 0.55) with a very
large effect size of Cohen’s g = 0.41. In the pre-season survey, “Bleeding from the nose” was
correctly identified as a symptom in 75% of teammate surveys, whereas only 52.5% correct in the

post-season (Table 4).

Table 4. Athlete Knowledge Pre vs Post Concussion for Teammate Statistics.

Pre .
item name # discordpairs correct Post o Chi P value P Holm Cohen’s g

% correct % square Adj
abnormal sense of smell 12 85 70 2.08 0.15 1 0.25
abnormal sense of taste 14 82.5 72.5 0.64 0.42 1 0.14
amnesia 8 70 75 0.13 0.72 1 0.13
joint stiffness 13 62.5 60 0.00 1 1 0.04
blurred vision 0 100 100 0.00 1 1 0.00
black eye 11 80 725 0.36 0.55 1 0.14
bleeding for the ear 9 60 52.5 0.00 1 1 0.06
bleeding from the mouth 7 85 77.5 0.57 0.45 1 0.21
bleeding from the nose 11 75 52.5 5.82 0.02 0.56 0.41
confusion 2 100 100 0.50 0.48 1 0.50
fever 8 75 70 0.13 0.72 1 0.13
dizziness 1 97.5 100 0.00 1 1 0.50
headache 0 100 100 0.00 1 1 0.00
insomnia 11 65 725 0.36 0.55 1 0.14
loss of consciousness 4 92.5 97.5 0.25 0.62 1 0.25
nausea 4 90 100 2.25 0.13 1 0.50
numbness or tingling of arms 16 50 45 0.00 1 1 0.00
skin rash 1 100 97.5 0.00 1 1 0.50
sharp burning pain in neck 19 45 37.5 0.00 1 1 0.03
weakness in neck movements 11 75 82.5 0.36 0.55 1 0.14
a concpssion only occurs if you lose 0 100 100 0.00 1 1 0.00
consciousness
if you are experiencing any signs and
symptoms of a concussion after a blow 875 90 0.00 1 1 0.07

to the head or a sudden movement of
the body you should not return to play
a concussion is an injury to the brain 15 62.5 70 0.27 0.61 1 0.10
Multiple concussions: Of the following, what are possible complications of having multiple concussions. Check all
that apply:

no complications exist 6 82.5 92.5 1.50 0.22 1 -0.33
increased risk of further injury 2 95 100 0.50 0.48 1 0.50
brain damage 0 100 100 0.00 1 1 0.00
joint problem 13 35 37.5 0.00 1 1 -0.04
memory problems 0 100 100 0.00 1 1 0.00
idon t know 5 85 925 0.80 0.37 1 -0.30

Returning to play too soon: Of the following, what are complications of returning to sporting activity while still
experiencing possible concussion symptoms? Check all that apply:
no complications exist 11 77.5 85 0.36 0.55 1 -0.14
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increased risk of further injury 1 100 97.5 0.00 1 1 -0.50
brain damage 2 97.5 97.5 0.00 1 1 0.00
joint problems 9 27.5 25 0.00 1 1 0.06
paralysis 8 17.5 17.5 0.00 1 1 0.00
i don t know 9 80 925 1.78 0.18 1 -0.28

Knowledge scores (35 T/F items) were classified in two groups: a pre-concussion survey and post-concussion survey
group (40 respondents per group), to determine possible concussed teammate influence on players” attitudes. The
number of discordant pairs, percentage of correct answers pre and post and P-value scores of McNemar test were
calculated between the pre-season and post-season to determine if there are significant differences.

Comparison of Mean Scores (Pre/Post) by Concussion History

ATTITUDE.SCORE KNOWLEDGE..SCORE

| I I
O_
Pll'e

Figure 2. Comparison of mean scores by concussion history.
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Discussion

Our hypothesis that concussion knowledge would increase in currently concussed athletes and
these athletes would experience a more negative attitude were not supported by the results. There
was no change in either total knowledge or attitude scores between athletes concussed or not, nor
pre and post season. Likewise in the teammate results; between the pre and post season survey,
no substantive changes occurred in the total attitude or knowledge of players whose teammate
had a diagnosed concussion during the study period. It seems that the occurrence of either a
direct or shared concussion experience has very little impact on either the knowledge or attitude
of the concussed players or of their teammates.

Knowledge In Non-Concussed, Current Concussed and Teammate Athletes

Previous research suggests athletes with a concussion history have increased concussion
knowledge due to experience.*®® Similarly, previously concussed athletes are more likely to have
been educated about concussions, putting them in a position for improved future recognition of
the occurrence and indications of a concussion.! Mrazic et al suggest a potential downside where
these athletes would be aware of symptoms to avoid disclosing.”” While there are conflicting
results in this regard, in this study, as in a few others,”-' there seems to be little to no relationship
between knowledge or education and reporting or even attitude/beliefs.*** The evidence of
this study similarly suggests no difference in concussion knowledge between athletes with or
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without a concussion history."'*> We observed differences in three knowledge items out of 35
between the groups in our survey where the Concussion group was significantly more likely to
be incorrect but the effect size was small. It is becoming increasingly clear that, while concussion
education strategies may modify the knowledge of these athletes, these do not appear to modify
attitude. Reporting behaviour seems to be much more dependent on social pressures, external
mediation such as institutional systems (funding, therapist/ player ratios) and visible symptoms
(altered mental status and loss of consciousness).'® In teammates, we found similar results; the
knowledge of athletes was not influenced by teammates” concussion. Only one symptom was
significantly different, with a large effect size, between the groups: bleeding from the nose (p =
0.016; P, = 0.555, Cohen’s g = 0.41). Since over 80% of concussions likely occur during practice
and competitions,®?! teammates are likely to be present to concussive events,”* as a result there
is a possibility players will associate the perceived symptoms at the time of the concussive event
with actual concussion symptoms. Others have also found that reporting of concussions tends to
be mediated by external factors, including externally visible symptoms.'® However, in the present
study, teammates incorrectly identified “bleeding from the nose” more often in the postseason
(52.5%) than in the preseason (75%) i.e. correct responses decreased after seeing more concussions.
(Table 4). Chrisman et al saw a similar effect where athletes confused the characteristics of the
concussion event with actual concussion symptoms and other etiologies in given scenarios."
Additionally, the fast pace of competition can lead athletes to make false modifications to their
concussion knowledge: athletes may mistakenly associate highly visible or dramatic signs of an
injury (like bleeding from the nose, which is not necessarily a core concussion symptom) with a
concussion, leading to incorrect knowledge modification.*

Despite the importance of players being able to correctly identify concussion symptoms, in our
study, all of the athletes, including the Concussion, Non-Concussion and Teammates groups
displayed knowledge deficits compared to previous research.'®** They failed to correctly identify
some less frequently seen complications such as insomnia, amnesia, numbness/tingling of arms
and incorrectly attributed symptoms like paralysis and joint problems. While this may be due to
the delay between repeated tests, they did however, succeed in identifying the classic somatic
symptoms and complications such as headache, dizziness and blurred vision. This was the case
even though varsity athletes have increased participation in formal concussion education,”
perhaps calling into question the efficacy of this type of education. In particular, nausea,
amnesia and neck pain were commonly missed by our athletes, as in other studies.'*>* Notably,
recognition of amnesia as a symptom among athletes has been speculated to be low because
they may not be familiar with the term. Utilising knowledge transfer strategies outside of formal
concussion education and focusing on the commonly unrecognised symptoms might improve
overall concussion knowledge in collegiate athletes but, it does not seem likely to change athlete
attitudes. Chinn et al suggest potentially utilising procedural learning in the actual competition
or practice setting as a feasible, but unproven, effective educational transfer strategy.* As well,
reinforcing team knowledge through messaging at key points in time during the season can serve
to prevent misassociation of symptoms and improve team knowledge.® Innovative education
strategies may result in improving concussion knowledge however, it is also likely that these
would not improve the concussion reporting rates because, as shown here, knowledge does
not affect attitudes nor do concussions affect knowledge and others have shown that a lack of
knowledge does not seem to be the main barrier to reporting.'*?

Attitudes In Non-Concussed, Current Concussed and Teammate Athletes

Athletes with a concussion history generally have a more negative (unhealthy) attitude towards
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concussions.'!* This includes the well documented lack of or late reporting behaviour®* and as
reported by Baker et al® the disconnect between high knowledge scores, safe reporting attitudes
and dangerous on-field behaviors. While we only tracked the history of concussion in the previous
2 years, attitudes in currently concussed athletes were not significantly different from those in
the non-concussion group. Konstantinides® found that higher baseline concussion-reporting
intention was significantly associated with a greater likelihood of reporting a simulated concussion
but in this study a related attitude item (difficulty in reporting symptoms; P = 0.03; n* = 0.0239)
remained unchanged post concussion of a teammate. However, the increased difficulty to report
symptoms in those who’d had a concussion may be related to, as suggested by previous literature,
a negative experience with the concussion; i.e. removal from play;'**"' return to play protocol
too long;"*3 and/or teammates’ dissatisfaction.'™'*** Amongst those examples, the literature
strongly holds that removing a player from play is a predominant reason for non-disclosure and
negativity following a concussion injury.'’>**14?* According to Balague, sport performance is a
valuable attribute to an athlete’s self-identity and without it, athletes can feel lost and frustrated.”
Therefore, the inability to participate in athletic performance during concussion rehabilitation
may immediately harm an athlete’s self-identity, later affecting their attitude, possibly explaining
the difficulty in reporting symptoms. Tracey suggests that, while some student athletes may view
the concussion experience negatively, others may view it more positively i.e. “good timing” in
the sense that they could then focus on their academic work.* This suggests, in some cases, the
negative association with removal from play may be counteracted by the positive “good timing”
theory suggested by Tracey et al.®

Hurley has suggested teammates may also be left disappointed with the injury of a player and
may be susceptible to negative social contagion so as not to deviate from the team outlook.*
For example, in a study of knee injuries, teammates who saw a player suffer a knee injury were
subsequently more fearful and had worse attitudes towards this injury.* However, our findings
are inconsistent with this. We found no significant attitude changes between the pre- and post-
season survey, suggesting teammate attitudes did not change with the concussion of a team
member. One possible explanation is that survey timing is important; ours may have had too
much delay, which may have extended to nearly 2 years. Another possible explanation is the
physical presentation of a concussion is unlike any other athletic injury (i.e. knee injury) as its
impairment is not as obvious and distinguishable,* therefore not having as much of an effect on
the teammates. In addition to concussions being “invisible”, a teammate who does not experience
the injury, does not understand the physical and psychological ramifications and therefore can’t
empathize.*? As a result, sensitization of attitudes in teammates may not be as prevalent as we
had anticipated.

The remaining attitude items were unchanged in both groups, and also tended to be moderate;
neither negative or positive. This implies these athletes generally had poor concussion attitudes
but Tracey has suggested that strategies such as involving a sport psychologist, could serve to
help them.*® However, changing attitudes may be difficult to do; even with the experience of
a concussion or concussed teammate. Health behaviour theories suggest change is based on
expected outcomes.” In the case of a concussion, the immediate outcome would entail being
removed from play, which, as previously stated, is not a preferred outcome for most athletes.
Thus, in order for an attitude change to occur, the outcome would also need to hold more positive
immediate value to athletes. The longer term negative outcome of permanent damage or greater
susceptibility to concussions, is less likely to positively influence an athlete’s attitude (i.e., incite
better reporting behaviour), particularly when, from a medical perspective, the immediate
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outcome must be “negative” - removal from play. This may suggest that in conditions where
return to play is initiated more quickly, athletes may exhibit more positive attitudes. While there
is evidence that delayed reporting and removal from play predicts prolonged recovery,** future
research efforts are encouraged to better understand how concussion attitudes in athletes can be
affected positively.

The focus of thisresearch was on university varsity athletes, hence, the results cannot be generalized
to the rest of the athletic population (i.e. high school athletes and the general public). In addition,
these athletes were restricted to certain sports which may limit these findings to these sports. This
study did not account for personal (or positional) relationships between players which may affect
the perception of injury to a teammate. The use of surveys, sent out electronically, with no face-
to-face interaction may have contributed to a lower response rate. Approximately 42% of surveys
were not returned. For those surveys which were returned, outcomes may have been influenced
by a social desirability response bias. In addition to this there may have been unreported
concussions during the study period which could have affected participant survey responses,
particularly unconcussed participants. Similarly, while we attempted to track concussion history,
undocumented prior concussions may have also affected survey responses. We did not calculate
power a-priori for this study since we had to accept concussions as they occurred in the student
athlete population, as a result we had a relatively small sample size (n=133) for survey based
research. Lastly, we used a pre-existing survey which left out age and this may affect outcomes
considering maturity, morals and values may differ.

Concussion reporting behaviours can be associated with modifiable factors such as concussion
knowledge and attitude. These factors are not uniform and some have shown that they can
change however, we found little variation in either knowledge or attitudes. Coaches should be
aware that sensitization of athletes to a negative attitude may be crucial to prevent worsening
of reporting. Very little knowledge fluctuation occurred in either group signifying the need to
make some modification in concussion patient education, particularly when current knowledge
levels lead to underreporting. Likewise, no attitude changes were seen in teammates, but at least
one “knowledge of concussion symptoms” items changed indicating the need for changes in
traditional education strategies. This study may help educators, coaches, athletes and health care
providers understand player decision-making around concussions including the knowledge and
attitudes of athletes. While this study is a step forward, research remains to be conducted to
address and understand how to change athlete behaviour.
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