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ABSTRACT
International Journal of Exercise Science 11(5): 739-753, 2018. Concussion in sport is a growing
public health issue. However, research suggests that under-reporting of concussion by student-athlete cohorts
reflects conflicting attitudes compared to the wider community. Interestingly, previous studies have focused on
the attitudes and beliefs irrespective of the type or level of sport played at. This study explored concussion beliefs
and attitudes in a cohort of Australian exercise science students, analyzing responses based upon the type and the
level of sport participated. Two-hundred and ninety-four students (m = 208; f = 86; age 22 ± 5.2 years) responded
to a series of statements regarding their personal attitudes and beliefs towards concussion, risk playing with a
concussion, and their views on elite/professional athletes who continue to play after a concussion. Data was
compared between the type of sport played (team and individual, contact and non-contact) and the level of sport
played at (elite, regional and recreational). Significant differences were reported in those experiencing a
concussion, and the number of concussions sustained between different types of sports. Specifically, significant
differences in attitudes between team-contact versus individual non-contact sports were found. Similarly,
significant differences in attitudes were observed between team contact and individual non-contact sports.
Conversely, similar attitudes were found between team contact, team non-contact and individual contact.
Irrespective of the level of competition, no differences were found in previous concussion history and the number
of concussions, reflecting similar attitudes. The data from this study suggests that concussion awareness
programs should be delivered across all sports and to all levels.
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INTRODUCTION
The emerging evidence of the increased risk of injury (28) and the long-term consequences for
contact sport athletes sustaining multiple concussions during their careers (25, 30) has led to
increased media attention about concussion (22) resulting in overall greater public awareness
of the issue (33). However, there is growing concern that attitudes towards the issue of sport
concussion by athletes, at all levels of participation, do not reflect the wider community’s
concerns (15, 31).
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Studies to date have focused on the individual’s attitudes towards concussion. For example,
McCrea, Hammeke, Olsen, Leo and Guskiewicz (21) and Register-Mihalik, Guskiewicz,
McLeod, Linnan, Mueller and Marshall (34) reported that US high school-aged studentathletes did not report concussion because they thought the injury was not serious enough to
report, but also feared being removed from the match. In US college-aged student-athletes,
Kaut, DePompei, Kerr and Congeni (14) exploring under-reporting of concussions found
nearly one in five surveyed failed to report concussions with the authors positing that not
reporting a concussion was likely due to fear of being removed from the game, as well
cultural issues of continuing to play through pain (14). A follow up study in a similar US
population (39) found that 43% of student-athletes surveyed had knowingly concealed
concussion symptoms to allow them to continue playing. Interestingly, despite being formally
educated about concussion signs, symptoms and risks, 22% of those surveyed indicated they
would be “unlikely” or “very unlikely” to report a concussion to their coach or athletic trainer
for similar reasons of removal from the match or team non-selection (39).
Studies have also been undertaken in community-based sports clubs (main sports system in
the United Kingdom, Ireland and Australia) to approach the question from a personal
perspective but also where the individual is not subject to a scholarship to participate in their
sport (3, 15, 20). For example, in club-based English junior rugby union, Kearney and See (15)
found the majority of participants (aged 11-17 years) reported positive attitudes (i.e. reporting
their suspected concussion to a coach, a concussion can occur without loss of consciousness)
towards concussion. However, the authors report that a substantial minority (up to 30%)
reported incongruous attitudes in response to specific questions such as playing on after a
concussion, having a responsibility to play while experiencing concussion symptoms, and
expectation of teammates to carry on playing after sustaining a concussion. Similarly, in a
cohort of Irish U-20 club rugby union players, despite acknowledging the seriousness of
concussion, 25% of those surveyed reported playing at some point of their career with a
concussion (3). Similar findings have also been observed in North America with Canadian
senior community level rugby union players. Martin, Hrubeniuk, Witiw, MacDonald and
Leiter (20) found in the sample surveyed nearly 94% of participants acknowledged the danger
of playing with concussion symptoms. However, nearly 30% admitted they would continue
playing with a concussion and nearly 40% revealed they would let others down if they did not
play following a concussion injury.
Further to club sport based attitudinal research, Pearce, Young, Parrington and Aimers (31)
investigated a mixed cohort of Australian university students undertaking exercise science and
related courses. Whilst North American studies presented findings from scholarship-based
college students, the aim of the study by Pearce and colleagues was to address the attitudes in
students not dependent upon university scholarships to support their sport (31). Australian
students may represent their universities at the state or national varsity games, they do so
voluntarily and are not dependent upon scholarships to support their academic tuition fees
whilst representing their universities in the college sports system. Whilst the main finding of
the study was that students overall believed it was ‘not safe to play with a concussion’, and
‘repeated concussions would lead to neurological problems later in life’, students also revealed
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they would ‘risk playing with a concussion’ and ‘admired elite athletes who continued to play
on after a concussion’. In comparison to female students, males were more likely to have an
attitude of continuing to play or train after a concussion, and to report to be less concerned
about long-term consequences of repetitive concussions (31). Similar differences were
identified in the attitudes of students with past experience of concussion, compared to those
with no prior experience of concussion.
This initial data suggests that while the general discussion regarding the issue of concussion
appears to focus on high performance (professional or elite college) team contact sport athletes
(33), previous experiences (1, 35) and gender (31), a wider understanding of the issue is
required. Given the need for more research addressing attitudes of athletes at all levels, this
study extended previous research with Australian exercise science students (31). The new
study specifically investigated in a mixed sport university cohort, beliefs and attitudes
towards concussion, specifically focusing on the type and the level of sport played at. The
objective was to establish whether differences between types and competitive levels of sport
might warrant targeted concussion education and awareness programs. With public health
awareness and discussion surrounding concussion in predominantly contact sports and elite
athletes, we hypothesized that students who played contact sports (irrespective of team or
individual) would be more likely to agree with statements regarding taking risks with
concussion, compared to those participating in non-contact team or individual sports. We also
hypothesized that riskier attitudes would be seen in those who played at a higher level (i.e.
elite) compared to those at non-elite levels (i.e. recreational).
METHODS
Participants
The sample consisted of 294 students (male, n = 208; female, n = 86; mean age 22 ± 5.2 years)
enrolled in university courses under the broad spectrum of exercise science and sport studies
(including physical and health education, exercise physiology, exercise rehabilitation, sports
science, sports coaching and sports administration). Students were invited to participate in the
anonymous survey following general announcements across student workshops and seminars,
lectures, and tutorial classes. No incentive was provided to participants. All study protocols
and the survey instrument were approved by the University Human Research Ethics
committees and conducted in accordance with the ethical principles of the Declaration of
Helsinki.
Protocol
Developed by the investigators from previous research (10), the survey consisted of 10 closed
questions using a Likert-scale (Table 1). Employing previous methods (31, 34) test-retest
agreement of the survey was assessed with 65 university students who were undertaking a
variety of unrelated courses. These participants completed the survey instrument twice, with
questions in randomized order, at least 60 minutes apart. The agreement across all attitude
items used on the questionnaires ranged from 0.73 to 0.91. Mean difference between Likertscale attitude questions was less than 0.22 (maximum score for each question = 5). Cronbach
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was calculated for attitude constructs (
survey instrument.

= 0.77) and perception constructs (

= 0.81) on the

Prior to the main survey, participants were asked to complete general demographic questions
that did not identify themselves, such as gender and age, as well as listing the sport the
participant played the most, and indicating the highest level of competition they played at. The
students then responded to a series of statements about their personal attitudes and beliefs
towards concussion using a 5-point Likert-scale for their agreement towards various
statements, ranging from 1 (“always”) to 5 (“never”). The statements explored their attitudes
towards playing with a concussion and expectation of rehabilitation before returning to play,
level of admiration for elite athletes who play on after a head knock and the media
presentation of such events.
Table 1. Statements and scale of agreement/disagreement by students sampled.
Always
Often
Sometimes

Rarely

Never

I believe that it is safe to play or train with concussion

1

2

3

4

5

I would risk playing or training with a concussion if I
thought my chances of being selected to compete would
be affected

1

2

3

4

5

Players who continue to play or train with a concussion
are likely to suffer problems later in life

1

2

3

4

5

I believe that players should be fully rehabilitated before
returning to play or train again after they have suffered a
concussion

1

2

3

4

5

I admire elite athletes who continue to play or train when
they are concussed

1

2

3

4

5

The media (television, newspapers, radio) glorify elite
athletes when they continue to play with a concussion

1

2

3

4

5

I didn’t feel any symptoms (i.e. dizzy etc.)

1

2

3

4

5

I felt dizzy but know within myself I’m okay

1

2

3

4

5

I felt dazed but can’t let my team mates down

1

2

3

4

5

I was knocked out but came to before the end of the
game

1

2

3

4

5

I would be willing to play or train with a concussion if:

Statistical Analysis
The primary sport played by the individual was categorized into one of four main groupings:
team contact sports (e.g. football codes), team non-contact sports (e.g. volleyball or rowing),
individual contact sports (e.g. boxing or martial arts), or individual non-contact sports (e.g.
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racquet sports). The level of participation at which the participant reported they played at was
categorized into one of three main groupings: elite (e.g. international/national competitions),
regional (e.g. state league, but did not play at national levels), recreational (e.g. intraclub or
social club league but did not represent at state levels), or no competitive sports participation
(e.g. non-competitive weight lifting).
Data from returned surveys was entered into, and analyzed, using SPSS V24 (SPSS Inc, USA).
Comparison of the number of self-reported concussions by primary sport played and the level
of sport participated at were conducted using one-way ANOVA with Bonferonni post-hoc
tests. Shapiro-Wilk tests were conducted to screen for normal distribution of the dependent
variables. The data was not normally distributed (SW = 0.547 to 0.913; p < 0.001).
Transformation of the data showed a non-normal distribution (SW = 0.418 to 0.532; p < 0.05),
Kruskal-Wallis tests, with Bonferroni post hoc comparisons, were conducted to evaluate
differences between students’ beliefs and attitudes towards concussions with the type, and the
level, of sport participated. Spearman’s rank correlations were used to determine relationships
between the primary sport played, the level of sport participated at, and the number of selfreported concussions experienced on beliefs and attitudes. Alpha was set at p < 0.05.
RESULTS
Descriptive data and correlations between variables: From 400 initial surveys, two hundred
and ninety four anonymous responses were returned to the investigators (response rate of
73.5%). Students participated across a range of sports (four categories, figure 1a) and various
levels of competition (three categories, figure 1b). The primary sport for the majority of
students (n = 159; 54.1%) was ‘team contact’, whilst individual contact sports were the least
reported (n = 8; 2.7%). The majority of students participated at a recreational level (n = 156),
whereas 6.5% (n = 19) did not participate in organized sports. Those who responded that they
did not participate in organized sports were not included in the statistical analyses.
A majority of participants did not report experiencing a concussion (n = 182; 66.3%) whilst
33.7% (n = 93) of the cohort reported sustaining one or more concussions playing sport (mean
2.5 ± 1.9 concussions). Team contact sports had the highest percentage (42.8%) of participants
reporting a previous concussion (n = 118, figure 2a) with an average of 2.7 (± 1.9) concussions
(figure 2b). With the level of sport participated at (figure 3a), elite athletes had the highest
reported concussion history (n = 94; 34.1%), reporting an average of 2.3 (± 1.9) previous
concussions. State/regional athletes reported a history of concussion (33.1%; n = 91) of with an
average of 2.2 (± 1.6) previous concussions. Recreational sport participants (32.8%; n = 90)
reported an average of 2.8 (± 2.1) previous concussions (figure 3 b). The number of selfreported concussions across the type of sport was significant (F3,293 = 8.40, p < 0.001) with
students in team contact sports self-reporting a significantly greater number of concussions
than team non-contact sports (p<0.001). No other significant differences were observed.
Conversely there were no significant differences in the number of self-reported concussions
across the level of sport participated (F3,293 = 1.86, p = 0.117).
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Figure 1a and b. Type of sport (a) and level of sport (b) played, as reported by students.
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Figure 2 a and b. Percentage reporting concussion by type of sport (a) and the mean (± SD) number of
concussions by type of sport (b), as reported by students who had reported a previous concussion.
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Figure 3 a and b. Percentage reporting concussion by level of sport played at (a) and the mean (± SD) number of
concussions by level of sport (b), as reported by students.

Type of sport and attitudes towards concussion: There were significant differences in groups
who had reported a previous concussion (χ2 (3) = 21.89, p < 0.001, fig 2a). Post hoc comparisons
revealed a greater reporting of concussions were observed in team contact versus team noncontact (U = 4670.5, p < 0.001, r = 0.33) and individual contact (U = 571.5, p = 0.042, r = 0.18).
Significant differences were also found with the number of reported concussions between
types of sports (χ2 (3) = 10.03, p = 0.018; fig 2b). However, comparisons revealed that the only
significant difference observed was between team contact and team non-contact sports (U =
247.5, p = 0.004, r = 0.28).
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Table 2 illustrates the percentage of students who agreed or strongly agreed with statements
presented to them in the survey. Significant differences were found between the type of sport
played and beliefs towards playing or training whilst still suffering signs and symptoms of
concussion (χ2 (3) = 13.26, p = 0.009). Comparison between the groups showed that those who
participated in team contact sports reported a stronger agreement with the statement that it
was ‘safe to play with a concussion’ compared to students who participated in individual noncontact sports (U = 2478.50, p = 0.003, r = 0.21). Significant differences were also found when
students were asked about risking playing with a concussion if their chances of being selected
to compete would be affected (χ2 (3) = 11.05, p = 0.02). Group comparisons revealed that
participants in team contact and non-contact (U = 2351.00, p = 0.003, r = 0.21; U = 1534.60, p <
0.001, r = 0.32 respectively), and individual contact sports (U = 103.50, p < 0.001, r = 0.49)
reported taking a greater risk than students who participated in individual non-contact sports.
Table 2. Percentage agreement with statements by students across types of sports.
Item

Type of sport played – agreement with statement (%)
Team
contact (n
= 164)
2.4

Team
non-contact (n
= 81)
0.0

Individual
contact
(n= 8)
0.0

Individual
non-contact
(n= 41)
2.4

I would risk playing or training with a
concussion for selection

26.8

34.6

37.5

7.3

Those who play on with a concussion likely to
suffer problems later in life

45.7

39.5

50

58.5

Believe in rehabilitated before returning to
play or train again

71.3

72.8

62.5

95.1

Admiration of elite athletes with concussion

29.3

13.6

50.0

1.2

Media glorify concussion

42.1

45.7

75.0

21.0

It is safe to play or train with concussion

I would be willing to play or train with a concussion if:
No symptoms

64.6

49.4

37.5

12.3

Felt dizzy but okay

36.6

21.0

25.0

3.7

Felt dazed but didn’t want to let teammates
down
Knocked out but came to

33.5

22.2

37.5

4.9

16.5

8.6

25.0

1.2

Whilst there were no significant differences between the groups for attitudes towards multiple
concussions contributing to ‘problems later in life’ (χ2 (3) = 1.281, p = 0.865), significant group
differences were observed for ‘admiration of elite athletes who continued to play following a
concussion’ (χ2 (3) = 29.18, p < 0.001). Students who participated in team contact sports
reported greater admiration than students who participated in team non-contact sports (U =
4901.50, p < 0.001, r = 0.22), as well as individual non-contact sports (U = 2058.00, p < 0.001, r =
0.28). In addition, students who participated in individual contact sports reported more
admiration than students who participated in individual non-contact sports (U = 61.50, p =
0.004, r = 0.41).
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In students who had reported a concussion, there were significant correlations in the primary
sport played and responses to a majority of the questions. Significant correlations were
observed between contact sport athletes and a willingness to continue to play with a
concussion (rho = 0.21; p < 0.001), would risk playing or training for selection (rho = 0.16; p =
0.006), admiring athletes with concussion (rho = 0.26; p < 0.001), and willing to play on if no
symptoms, dizzy but okay, not letting team mates down and if knocked out (rho = 0.27; p <
0.001; rho = 0.29; p < 0.001; rho = 0.31; p < 0.001; rho = 0.25; p < 0.001 respectively).
Conversely, correlations were found with non-contact sport athletes and athletes being fully
rehabilitated before returning to play (rho = 0.23; p < 0.001).
Significant differences were found when students were asked about continuing to play or train
if they ‘didn’t feel any symptoms’ (χ2 (3) = 23.44, p < 0.001), with students who participated in
team contact sports more willing to play than students who participated in individual noncontact sports (U = 1772.50, p < 0.001, r = 0.31). Continuing to play or train if they were ‘dizzy
but thought that they were ok’ also showed significant differences (χ2 (3) = 29.38, p < 0.001),
with students who participated in team contact sports more willing to play than students who
participated in team non-contact sports (U = 4750.50, p = 0.001, r = 0.22), and also those from
individual non-contact sports (U = 1676.50, p < 0.001, r = 0.33). Further, significant differences
were found when asked ‘if they would be willing to play or train when they felt dazed but
were afraid to let their team mates down’ (χ2 (3) = 35.31, p < 0.001). Students who participated
in team contact sports were more willing to play than students who participated in team noncontact sports (U = 4747.00, p = 0.001, r = 0.22), and also students who participated in
individual non-contact sports (U = 1567.00, p < 0.001, r = 0.36). When asked if they were
willing to continue to play if they were ‘knocked out but came to’ before the end of the game
showed significant differences (χ2 (3) = 25.17, p = 0.01) with students who participated in team
contact sports more in agreement with the statement, than students who participated in team
non-contact sports (U = 4848.00, p = 0.002, r = 0.20), and also students who participated in
individual non-contact sports (U = 1974.00, p < 0.001, r = 0.27).
Significant differences were found when students were asked if individuals should be fully
rehabilitated before returning to play or training after they have suffered a concussion (χ2 (3) =
25.16, p < 0.001). Students who participated in individual non-contact sports reported greater
agreement of completing full rehabilitation before returning to training or playing than
students who participated in team contact sports (U = 1975.50, p < 0.001, r = 0.31) and team
non-contact sports (U = 1044.50, p < 0.001, r = 0.33).
Participation level and attitudes towards concussion: Across level of participation (table 3), no
significant differences were observed in the reporting of concussions between levels of
participation (χ2 (2) = 0.014, p = 0.990). Comparisons between levels revealed no significant
differences in the number of concussions reported between groups (χ2 (2) = 1.87, p = 0.392).
A significant correlation was found in students who had sustained a concussion and level of
play were regional level athletes and agreeing that those with multiple concussions would be
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more likely to suffer later in life (rho = 0.15; p = 0.008). No other significant correlations were
observed.
Table 3. Percentage agreement with statements by students across level of sports competition.
Item
It is safe to play or train with concussion
I would risk playing or training with a concussion for
selection
Those who play on with a concussion likely to suffer
problems later in life
Believe in rehabilitated before returning to play or train again
Admiration of elite athletes with concussion
Media glorify concussion
I would be willing to play or train with a concussion if:
No symptoms
Felt dizzy but okay
Felt dazed but didn’t want to let teammates down
Knocked out but came to

Type of sport played – agreement with statement (%)
Elite
State/regional (n =
Recreational (n=
(n = 35)
103)
156)
1.0
0.9
1.3
27.3
20.4
21.8
38.4

38.8

34.6

84.8
18.2
48.5

75.7
14.6
42.7

72.4
26.3
42.3

51.5
27.3
36.4
9.1

54.4
22.3
24.3
12.6

55.1
32.1
27.6
12.8

DISCUSSION
Extending the study by Pearce, Young, Parrington and Aimers (31) which showed differences
between female and male exercise science students, and previous experiences of concussion on
current beliefs and attitudes, this study explored whether the type of sport played and the
level of sport participated at influenced differences in beliefs and attitudes towards sports
concussion. Team contact sport athletes reported having the most experience of concussion
injuries and the number of concussions, compared to team non-contact athletes; however, the
reporting of concussions and the number of concussions did not differ across the level of
participation. Our first hypothesis only found that students who played team contact sports
differed to students who played individual non-contact sports in their beliefs and attitudes.
Despite this, in those who self-reported having a previous concussion(s), correlations were
observed between the type of sport played and agreement to statements implying risk of
playing. However, the level of competitive participation (hypothesis two) did not influence
attitudes across the range of questions relating to sports concussion. Similarly, in those who
had a previous concussion injury there were no correlations to the level of participation, other
than recreational athletes agreeing on potential long-term outcomes of multiple concussions.
this study explored in exercise science students, whether the type of sport played, and the
level of sport participated at influenced differences in beliefs and attitudes towards sports
concussion. Contrary to our first hypotheses we found that, other than students who played
team contact sports compared to students who played individual non-contact sports, beliefs
and attitudes were overall similar towards sports related concussion. Likewise, the level of
competitive participation (hypothesis two) did not influence attitudes across the range of
questions relating to sports concussion.
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Our finding of similar attitudes towards sports concussion between the types of sport, other
than team contact sports versus non-contact sports played, was surprising. We hypothesized
that those who played team contact sports would differ across all questions compared to team
non-contact sports, as well as individual sports, based upon planned behavior theory (1). As
argued originally by Ajzen (1), and more recently by Kroshus, Baugh, Daneshvar and
Viswanath (16) and Register-Mihalik, Linnan, Marshall, McLeod, Mueller and Guskiewicz
(35), planned behavior theory predicts that previous occurrences, in this case injuries from
tackling, bumping and other contact experienced in contact team sports as opposed to minimal
contact in non-contact team sports, would influence current attitudes towards concussion.
However, while we found that concussion injuries were significantly higher in team contact
sports to other types of sports (table 2), other than differences in attitudes towards playing
with a concussion based on the severity of the injury (table 3) no differences, other than
between team contact and individual non-contact sports, were observed in attitudes. We are
unsure why similarities in attitudes were found in the majority of the questions, other than
between attitudes to continue playing based on perceived severity of injury. Indeed, it may be
the experience of more severe injury driving differences in attitudes, as anecdotally, it is
accepted that non-contact sports are not completely injury free and accidental contact,
resulting in injury, may occur (9). Further, as we only enquired in students about their primary
sports experiences, it could be considered that students who play more than one sport (with
their other sports being a contact sport) may be drawing their current attitudes from previous
experiences of other sports participation, rather than their primary sport.
We can only speculate on similarities in attitudes, and suggest that in team sports the issue of
taking additional risks, especially in light of team selection, or losing playing time, may be an
issue driving attitudes irrespective of whether the sport played is considered ‘contact’ or ‘noncontact’ (14, 34, 35, 39) Stemming from the physicality associated with sports generally, and to
prove their worth and to deserve selection to play (27) the mentality within team sports, but
also with wider societal expectations, is one of being physically ‘committed’ (i.e. to always
show they are ready to compete, or to not back away from a physical contest), or to have a
‘warrior mentality’. This also manifests as a willingness of athletes to knowingly, or sometimes
unknowingly, play with an injury risking greater pain, and more serious injury, that possibly
results in long-term incapacity (8, 27). Limited studies have previously shown that the type of
sport (contact versus non-contact, team versus individual) did not influence differences in
attitudes to injuries (27), and recent studies have continued to support this finding. For
example, Chrisman, Quitiquit and Rivara (7) found that college/varsity athletes, irrespective
of sport, will hesitate reporting their injury, particularly if there was no significant pain or
observable disability. It has been suggested that this attitude may be not only driven by a fear
of losing a scholarship at their institution, or to be seen as letting their team-mates down, but
also as a sign of ‘commitment’ to the team and/or sport (19, 34). Therefore, we felt it was
important to address this question in light of the population sampled being university
students, well versed in the issue of sports concussion but were not scholarship-supported
students representing their university. Whilst we did not need to find out about considerations
of scholarship in this study (19), our findings of differences between the type of sport on
beliefs and attitudes towards concussion supports previous data, particularly with issues of
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letting team-mates down (34). Given the limitations of using a questionnaire approach in this
study, further studies, using more in-depth interview approach are required to determine the
current attitudes in student populations towards concussion injuries irrespective of the type of
sport played as well as the growing public awareness of the issue not reflected in this cohort.
Similarly, we were surprised to not observe differences when exploring the level of
competition played at. Generally speaking, elite athletes are held to ‘higher standards’ across a
variety of aspects of their competitive, and personal, lives (13). These ‘higher standards’ may
also be applied towards concussion at the elite level due to disparities in medical staffing and
resources between elite, sub-elite and non-elite (recreational or community) sport levels (32),
rationalizing our hypothesis towards differences in attitudes with regards to levels of
participation in our cohort surveyed. However, in explaining the similarities in attitudes
across levels of sport participated at, it has been suggested that regardless of the level of sport
they play, athletes will generally express ‘toughness’ or ‘commitment’ as evidence towards
team/sport dedication, and will play, or be pressured to play, through pain and some injuries
(27). The traditional perspective has suggested that elite athletes differ in ‘toughness’, and
therefore underpins their sporting success, separating them from sub-elite athletes or non-elite
players (17, 18). There have been limited studies comparing the ‘competitive mindset’ that may
distinguish differences between elite and sub-elite athletes (11, 40). However, the data has not
supported this traditional view, with equivocal findings (6, 26, 40). For example, a number of
studies have presented key elements of ‘toughness’ studied only in elite athlete cohorts
include attitudes towards injury (5, 10, 12, 38). However, in mixed elite/non-elite cohort
studies Chartrand, Jowdy and Danish (6) was not able to distinguish differences in
psychological mindsets of toughness between elite and non-elite collegiate athletes from a
range of sports. Further, Meyers, Bourgeois, LeUnes and Murray (26) found that apart from
two subsets, there were no differences in the competitive mindsets between elite and sub-elite
equestrian riders. As with the findings from this study, similar attitudes across the three levels
of participation towards concussion may represent the robust ‘toughness’ mindset of our
cohort of exercise science students who compete at all levels, irrespective of the requirements
for training and competition. Although caution is required in directly comparing elite versus
sub-elite rates of concussion (4) and also self-reporting of concussion experiences (30) due to
sampling method limitations, similarities appear to exist in concussion rates irrespective of
level played. Therefore, previous experiences of those who have previously experienced
concussions, irrespective of level played, may also shape their attitudes as demonstrated in
this study (1, 16, 35).
In light of the specific questions explored there are some limitations in this investigation.
Although our response rate was high (73.5% of the student cohort), fulfilling criteria set out in
recommendations by Babbie (2) and Singleton and Straights (37), this may be due to the cohort
surveyed being particularly interested in the topic given the focus of their studies. Whilst this
may in itself demonstrate bias, the question posed was specific to an exercise science cohort
rather than a reflection of the wider non-sporting community. Therefore, caution is required in
generalizing these findings to the wider population.
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Our study, extending on previous work which identified differences in attitudes between
females and males, as well as previous experiences driving current attitudes (31), aimed to
compare attitudes in exercise science students who play different types of sport, and at various
competitive levels. We expected the rate of concussions reported in those who identified as
individual non-contact sport players to be similar to those who played team non-contact
sports. However, we did not examine if concussions were experienced during their primary
sport or from either a second (or third) sport played, or from non-sporting activity. Despite
this, significant differences were found in attitudes between these two types of sports were not
consistent with predictions from the theory of planned behavior (in other words, the
concussions experienced in individual non-contact sports did not drive the same attitudes). As
concussion rates in individual non-contact sports is very low (29), future research should
expand on those who identify as individual sport participants, to ensure that their concussion
experience was specifically from their primary sport. Therefore, the descriptive data presented
on concussion in individual non-contact sports in this study should be viewed with caution.
It is important to note that despite surveying exercise science students who are becoming more
aware of sports concussion injury, we did not provide the definition of concussion based upon
the 2012 consensus statement (24), as at time of data collection the 2016 statement was not
released (23); nor did we ascertain students’ knowledge about concussion. Quantifying
respondents’ concussion knowledge using a modified survey previously developed by
Rosenbaum and Arnett (36) for a university level cohort would be appropriate to associate
with beliefs and attitudes in future studies. Whilst we did not find differences in attitudes
between different levels of participation, it would be important to investigate whether
students who participate at higher levels of sport know the definition of concussion, and/or
have a greater general understanding of concussion, given that elite athletes usually have
trained healthcare providers present during training and competition (32). Similarly, with
regards to questions pertaining to “willing to play” attitudes (table 1), as concussion is
heterogeneous in nature and individuals can experience a range of symptoms, this may
influence their motivation to continue to play or train. Because different symptoms and
different motivations are used, it makes attitudes towards willing to continue difficult to
compare and the data, therefore, should be viewed with caution. Future studies may need to
explore this question from a qualitative perspective. Finally, further research not addressed in
this study also points to the need to the need for exploration of support structures associated
with concussion management for athletes playing at various levels, as well as knowledge and
attitudes of elite and club coaches, and support staff, at all levels.
In conclusion this study in exercise science students specifically explored questions regarding
the influence of the type of sport played, and the level of sport competed at, on attitudes and
beliefs towards concussion. Contrary to our hypotheses we found, other than team-contact and
individual non-contact sports, there were no differences in student beliefs and attitudes
between the type of sport played, and the level of sport played at. Whilst out hypotheses were
not confirmed, the findings do provide important on understanding the attitudes of
concussion in those who not just play contact sports but also non-contact sports, at all levels of
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competition. This understanding is useful in tailoring concussion education and awareness
programs that can be relatable to all stakeholders in sport.
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