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Purpose: To gain an understanding of referee concussion knowledge, what sporting orga-
nizations were doing to prepare their referees to recognize concussions in youth sport, and
what role referees could play in overall concussion safety.

Materials and Methods: A total of 134 referees participated in the study across four
provincial sporting organizations (rugby, soccer, ice hockey, and football). Participants
completed a concussion knowledge questionnaire that explored knowledge about concussion
education, recognition, management, preparedness, and the role of the referee in overall
concussion management.

Results: Overall, the sample was found to be moderately knowledgeable about concussions.
Referees that received previous formal concussion education had statistically significant
higher average scores when compared to those without formalized concussion education
(P=0.001). However, only 24% of respondents reported receiving any formal education from
their sporting body or referee organization. About 85% felt that referees could play an
important role in concussion recognition in youth sport, but only 41% felt they were
adequately equipped with the knowledge and skills to recognize these injuries.
Conclusion: The findings from this study suggest that national, provincial, and individual
sporting organizations should ensure that all stakeholders (including referees) are formally
educated about concussions to encourage a safety-first environment for youth athletes.
Educational sessions should focus on the general aspects of SRC while also focusing on
the specific role of the referee in concussion recognition.
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Introduction

Recently, interest in sports-related concussions (SRC) has grown immensely in sports
and scientific communities alike, in order to better understand this complex injury and
its impact on athletes’ lives." Researchers have frequently explored concussion knowl-
edge in many different stakeholder groups, including: athletes,” coaches,” parents,* and
medical professionals.” However, referees are a group who are often misrepresented in
the previously published literature. This is concerning as referees have the potential to
mitigate the risk of further injury following an SRC, especially in the absence of
qualified medical professionals (which occurs during many youth sporting events).®
Given these gaps in the literature, the purpose of this study was to explore SRC
knowledge in a sample of referees from various collision and contact sports.
Additionally, we explored how referees were educated about concussions, what sport-
ing organizations were doing to prepare their referees to recognize concussions in

youth sport, and what role could referees play in overall SRC safety.
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The Role of the Referee in Sport

Referees have been historically understudied in sport, with
a small body of literature focusing on constructs such as the
stresses associated with the role as a referee, the physiological
and psychological demands of the job, and the impact of biases
and influences on decision-making.” The specific roles of
a referee vary greatly, as the level of interaction with athletes
and their influence on the outcome of a game is unique to each
individual sport.® Of particular relevance to youth sport are
interactor referees, as described by Farrow et al® as referees
that monitor a multitude of rules and cues while constantly
interacting with athletes and moving with the play. To be
considered an effective interactor referee (such as in soccer
or ice hockey), one must possess a number of characteristics
including strong communication skills and quick decision-
making abilities, while integrating these with expert-level
knowledge of the rules of the game.” These referees must
also be able to carefully and critically observe play while
simultaneously following it, requiring oftentimes intense phy-
sical exertion and constant shifting of their focus.”

At the foundation of refereeing lies two key responsibil-
ities: upholding the integrity of the sport by enforcing the laws
and rules of the game and ensuring player safety.'” While one
could argue that a referee protects player safety by simply
enforcing the rules of the sport, the referee’s role in player
safety is in reality more complex and multifaceted.'’ Referees
can punish illegal or dangerous behavior by awarding a penalty
to the offending team, but as an interactor they are also tasked
with identifying potential serious injuries or threats to players
safety.'!

The Potential Role of the Referee in

Concussion Safety

In collision and contact sports, interactor referees have the
power to stop the game if there is concern for player
safety, namely a potential injury. This becomes vitally
important in the initial management of SRCs, as these
injuries require immediate recognition and removal from
play, to ensure proper assessment, treatment, and preven-
tion of catastrophic conditions such as second impact
syndrome.'” Referees could potentially act as another
moderator of concussion safety by recognizing potential
SRCs and stopping play to allow for proper medical
assessment and management by qualified individuals.'
However, most research in injury prevention and manage-
ment of SRCs has largely been directed towards athletes,

14,1
coaches, and parents, not referees.'*'

The Rugby Union is one organization that is forward
thinking about the referee’s role in concussion safety, with
the development of their Blue Card Programme.'® This pro-
gram educates referees about concussion recognition and then
empowers referees with the ability to remove players from the
field if a SRC is suspected. Once removed, a player must then
have an assessment from a qualified medical professional,
followed by a standardized RTP protocol before allowing to
be returned to the pitch. Initial findings from a study conducted
on a trial of this Blue Card Programme found that 95% of
referees surveyed felt that they had sufficient training for this
new responsibility through the formalized concussion educa-

tion program.'®

Referee Concussion Knowledge

As previously mentioned, concussion recognition and manage-
ment knowledge has remained largely unexplored in referees,
with only a few studies being dedicated to this stakeholder
group. One such study investigated SRC knowledge in ama-
teur rugby coaches and referees.'® These researchers found that
referees and coaches had an overall understanding of general
SRC signs and symptoms but struggled in areas such as objec-
tively recognizing a SRC and understanding specific manage-
ment protocols. Additionally, referees who reported previous
formalized concussion education were stronger in these two
areas when compared to participants without formal education
about concussions.

Gallagher et al'’ investigated the SRC knowledge of
professional and amateur rugby referees. This study found
that 72% of respondents felt they could subjectively diag-
nose an SRC based on knowing an athlete’s reported
symptoms but were not as confident in recognizing poten-
tial concussions based on objective signs. These research-
ers also found that only 45% had received previous
formalized concussion education. Additionally, Kroshus
et al'® found that officials with more formalized concus-
sion knowledge demonstrated greater self-efficacy when
calling injury timeouts, therefore fostering an environment
that supported overall SRC safety.

These previous studies all focused on SRC knowledge
of referees from professional and college/university sports.
No known studies have focused on youth sport, which is
of grave concern because: youth populations are more
susceptible to SRCs, youth sport referees are often less
experienced, and medical professionals are not present at
each and every game.*'? Based on these gaps in the
literature, we decided to explore SRC knowledge in
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a sample of youth sport referees from various collision and
contact sports.

Materials and Methods

Study Design

This cross-sectional study used an online questionnaire to
collect data from youth sport referees. Purposive sampling
was used to target Nova Scotia referees who held a referee
certification in either ice hockey, soccer, football, or rugby, and
had experience with refereeing youth sport under the age of 18.
Ethical approval was obtained by the Acadia University
Research Ethics Board before the study commenced.

Study Setting and Recruitment

Four provincial sporting organizations in Nova Scotia,
Canada were selected for this study: ice hockey, soccer,
football, and rugby. Each organization was contacted by
one of the researcher’s who described the study objectives,
inclusion criteria for participation, and expectations for
participants. Once confirmed, each sporting organization
emailed the study information and link to the online ques-
tionnaire to all eligible referees within their organization.
Informed written consent was obtained from all partici-
pants prior to completing the questionnaire, in accordance
with the Declaration of Helsinki. If a participant was under
the age of 18, additional written consent was also obtained
from a parent or guardian before they were eligible to
complete the questionnaire. The first page of the online
questionnaire acted as the informed written consent by
outlining the purpose of the study and identifying the
specific terms of participation. By following the online
cues, each participant provided consent. All questionnaires
were completed anonymously, so responses could not be
identified. Therefore, participants could not withdraw their
responses once the questionnaire was submitted.

Participants

A total of 134 referees participated in the study from the four
provincial sporting organizations. However, 35 responses were
considered incomplete and were therefore removed from the
study sample. Therefore, a total of 98 referees (74% male; 62%
35 years of age and older) were used for the data analysis. 74%
of the referees had more than 6 years of refereeing experience,
and each sporting organization was represented in the sample
(soccer = 53%; ice hockey = 18%; football = 15%; rugby =
13%). The demographic characteristics of the sample are pre-
sented in Table 1.

Table | Demographic Characteristics of Participants (n=98)

Frequency (% of Total Sample)
Sex
Male 73 (744)
Female 24 (24.4)
Did Not Wish to Disclose 1(1.2)
Age
Under 18 2 (2.1)
19-24 19 (19.4)
25-34 15 (15.3)
3549 31 (31.6)
50-64 22 (22.4)
65+ 9(9.2)
Experience
0-2 years 6 (6.1)
3-5 years 20 (20.4)
6—10 years 27 (27.5)
11+ 45 (46.0)
Sport
Rugby 13 (13.3)
Hockey 18 (18.4)
Soccer 52 (53.0)
Football 15 (15.3)

Concussion Knowledge Questionnaire
The online questionnaire was modeled from a previous con-
cussion knowledge survey'® and modified to reflect the most
recent Consensus Statement on Concussion in Sport.'> The
questionnaire consisted of 27 questions that took approxi-
mately 15 minutes to complete and was hosted on a secured
internal survey system from the primary researcher’s home
institution. All responses were submitted anonymously.
Questions covered the following topics: 1) demographics
and sport experience; 2) general SRC knowledge; 3) recog-
nition of SRC signs and symptoms (including distractor
symptoms); 4) general attitudes towards SRC and the role(s)
of referee in management); and 5) perceived confidence in
recognizing potential SRCs. Questions included a mixture of
dichotomous, Likert scale, and open-ended questions. The
questionnaire was reviewed for face validity by three content
experts (all certified athletic therapists who were also familiar
with questionnaire development) before the questionnaire
was sent to participants.

Data Analysis
All completed data from the questionnaires were entered into
Microsoft Excel 2016 (Redmond, WA) for further analysis.
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Table 2 General Sports-Related Concussion Knowledge

Statement (Correct Response) Frequency
with Correct
Response (%
of Total
Sample)

Symptoms of a concussion will always appear immediately following following the impact. (FALSE) 93 (95)
There are no risks associated with returning to a game while still concussed if it is only a mild one. (FALSE) 93 (95)
People who have had one concussion are more likely to have another concussion. (TRUE) 82 (84)
Protective equipment such as a helmet/scrum hat/head guard can prevent someone from receiving a concussion. (FALSE) 51 (52)
In order to be diagnosed with a concussion, you have to be knocked out. (FALSE) 96 (98)
A concussion can only occur if there is a direct hit to the head. (FALSE) 91 (93)
Children usually take longer to recover from concussions than adults. (TRUE) 34 (35)

If a player is knocked unconscious they should be transported to the hospital immediately. (TRUE) 77 (79)
Sometimes a second concussion can help a person remember things that were forgotten after the first concussion. (FALSE) 90 (92)
A concussion must be diagnosed by a certified medical professional. (TRUE) 73 (74)
After a concussion occurs, brain imaging (eg, CAT Scan, MRI, X-Ray, etc.) typically shows visible physical damage (eg, bruise, 51 (52)
blood clot) to the brain. (FALSE)

A player may have a concussion without the presence of visible symptoms. (TRUE) 95 (97)
After 10 days, symptoms of a concussion are usually gone. (TRUE) 22 (22)
The current treatment for concussion is complete brain rest. (FALSE) 30 (31)
Concussions can sometimes lead to emotional disruptions. (TRUE) 94 (96)
A player with a suspected concussion should be immediately removed from play. (TRUE) 97 (99)
There is rarely a risk to long-term health and well-being from multiple concussions. (FALSE) 83 (85)

Data was also analyzed using the Statistical Programme for
Social Sciences (SPSS) (IBM SPSS, Chicago), version 24.
Descriptive statistics (total number of responses, means,
standard deviations, percentages) were established to provide
an overall summary of the data. Participants were provided
with a “general SRC knowledge score” (out of a total possi-
ble score of 18) based on the correctness of their answers.
Participants were also provided with a “recognition of com-
mon concussion signs and symptoms” score out of a possible
16. Further statistical analysis was also completed to explore
significant differences in SRC knowledge. Independent
t-tests were used to derive significant differences in knowl-
edge based on age, years of experience, history of previous
concussion, and previous formalized SRC education
(P<0.05). Single Factor ANOVAs were also used to compare
knowledge amongst referees from different sporting organi-
zations (football, hockey, rugby, hockey) (P£<0.05).

Results

General Concussion Knowledge

To gauge general SRC knowledge in the sample, partici-
pants were asked to determine whether a variety of state-
ments surrounding SRC knowledge were true or false.
These statements placed an emphasis on common concus-
sion myths and SRC information deemed to be most
pertinent to referees (SRC recognition and initial manage-
ment). The findings from these questions are provided in
Table 2. Out of a possible score of 18, participants aver-
aged 12.97 (+1.74) correct responses. Additionally, there
were no significant differences found between age, years
of experience as a referee, sports, or between those refer-
ees with or without a history of concussion. However,
those with previous formal concussion education had sta-

tistically significant higher average scores when compared
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to those without history of formal education (13.75+1.29
vs 12.67+1.63; P=0.001). Encouragingly, participants
recognized that there are associated risks with returning
to a game with a concussion and recognized the impor-
tance of removing a player with a suspected concussion
immediately from play. However, some questions proved
to be more challenging for referees. Only 35% of the
sample recognized that children usually take longer to
recover from a concussion than adults. In addition, 68%
of the referees also incorrectly indicated that the current
best recommended treatment for a concussion is complete
cognitive/physical rest until asymptomatic.

Signs/Symptoms Recognition

In this section, we provided participants with a list of
possible SRC signs/symptoms and asked them to deter-
mine which were possible signs/symptoms, and which
were distractors (see Figure 1). As seen in the figure,
participants appeared to understand the most commonly
reported SRC signs/symptoms (eg headache, trouble bal-
ancing, dizziness), however had more difficulty identifying
distractor symptoms. The average number of correct
responses was 13.18 (£2.15) out of a possible 16, with
no significant differences arising between age, experience
level, or sports. Participants who reported a history of
personal concussion had significantly higher recognition
scores than those without (13.75+1.61 vs 12.1743.46;
P=0.070). Additionally, those with formal concussion edu-
cation also scored higher than those with no formal educa-
tion (13.75+1.77 vs 13.08+2.56; P=0.070).

Sources of Concussion Knowledge
Participants’ origins of concussion knowledge were
diverse and often stemmed from multiple areas from
their professional and personal lives. Most referees felt
that their concussion knowledge came from personal
sporting experiences (79% of respondents), experiences
as a referee (70%), and/or history with their own concus-
sion (47%). Of concern, only 24% of the sample reported
receiving any formal SRC education from their sporting
body or referee organization. When responses were further
broken down by sport, rugby referees had the highest rate
of formal concussion education (87% of rugby referce
respondents) compared to all other sports. All rugby refer-
ees also reported receiving this education by their govern-
ing sport organization. The formal SRC education rates for
other sports included: soccer (31%), hockey (41%), and
football (56%).

When asked about current SRC education practices for
the referee population, 87% felt that more could be done to
educate youth sport referees about concussion recognition
and management. Participants were asked to further
explain their answer (through a text-based open-ended
answer), and it was clear that many felt that mandatory
SRC education should be included as part of all referees’
training. Box 1 shows representative quotations from these
text-based responses.

The Potential Role of the Referee in

Concussion Safety

Referees from the sample felt that multiple stakeholders
could potentially play an important role in SRC recogni-
tion and management in youth sport, instead of placing the
sole responsibility on a coach. Most importantly, 85% of
referees agreed or strongly agreed that referees can in fact

Box | Representative Quotations from the Question “Do You
Believe More Could Be Done to Educate Youth Sport Referees in
Concussion Recognition and Initial Management?”

1. “In the training of youth sport officials, there should be a section on
concussion recognition and initial management (ie when to call an
injury timeout) similar to the specific information supplied during
coach’s training.”

2. “Everyone should know how to spot a concussion and what to do.
Referees should be empowered to call medical timeouts. However
coaches and athletes need to be on board with the seriousness and
severity. The culture in sport needs to shift such that medical
timeouts for head injuries becomes more tolerated and normalized.”
3. “Education is always important. People need to be frequently
reminded of the need to stop play at any chance of a head injury.
Knowing the possible effects of ignoring the signs is valuable, people
need to be sensitive to possible outcomes.”

4. “There is currently no formal concussion education training in my
association. Many have indicated that having the education may open
issues of liability in the case of players who continue to participate
after a suspected concussion. | believe that without proper education
and support from our provincial/governing body, athletes may be at
risk.”

5. “At the higher-level games, the referees have more confidence to
be stopping games for potential head injuries, but it is the youth
games where they sometimes lack the knowledge/recognition.

Every year, as a referee, you have to take a refresher course at the
beginning of the season so it would be a good opportunity to add
some concussion recognition material in there in case there is

a situation where they have to make a decision.”

6. “It is definitely the referees at the youth level who need more help
with it because there is usually limited coaching staff, and not always
a full team of officials. And generally there is a lack of knowledge and

experience among people at that level, both referees and athletes.”
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Figure | Dark Gray indicated it was selected as a sign or symptom of a concussion. Light Gray indicated it was selected as a distractor sign or symptom. *Distractor sign or

symptom of a concussion.

play an important role in concussion recognition.
However, when asked whether they felt equipped to aid
in SRC recognition by stopping play for a medical time-
out, just 41% of participants responded with yes.
Furthermore, those who had received formal education
felt more confident to recognize a potential concussion

compared to those who did not (62% vs 27%).

Discussion

The purpose of this study was to explore referee SRC
knowledge, sources of SRC knowledge, what sporting orga-
nizations were doing to prepare their referees to recognize
concussions in youth sport, and what role could referees play
in overall SRC safety. Two main themes emerged from the
findings: 1) the need for formalized concussion education
for youth sport referees, and 2) identifying the potential role
for referees in overall concussion safety.

Formalized Concussion Education in

Referees

A key finding from our study was that only 24% of
participants received formal concussion education from
their national, provincial, or individual sporting organiza-
tion. Additionally, referees who had received formal SRC
education demonstrated significantly (P=0.001) higher
average SRC knowledge scores than those who had not.
Signs and symptoms scores were also higher for those
with formal SRC education, the difference approaching

but not reaching statistical significance (P=0.070). Griffin
et al'® found similar results in amateur rugby referees
where previous concussion education led to higher scores
in sign/symptom recognition, understanding consequences
of SRC, and knowledge of return-to-play protocols.

While SRC education will not ensure that recognition or
proper management is always adhered to, it is an important
step towards increasing SRC awareness and knowledge.”® To
increase the effectiveness of SRC education, many studies
have recommended a more detailed consideration of knowl-
edge translation principles to increase the likelihood of knowl-
edge retention and demonstration of positive behaviors.'
Research has also shown that multimodal approaches (using
multiple resources) and tailoring the content specifically to the
intended audience, leads to increased knowledge compared to
using singular, generalized resources. '’

In our study, rugby referees were found to have the highest
average general SRC knowledge and sign/symptom scores.
Upon further investigation of this trend, it was found that
rugby is one of the few sports in Canada that has mandatory
SRC education now in place for their referees.”’ Two online
courses must be completed annually, addressing topics such as:
SRC recognition, concussion management, return-to-play pro-
tocols, as well as the role of the rugby referee in SRC safety.
The effectiveness of this program has not been investigated;
however, one could speculate that this education is effective
based on the trends found in similar studies (including our
study). Further research is warranted to consider sporting
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cultures and diverse educational strategies that may influence
SRC knowledge and specific changes in behavior.

Education is an important aspect of SRC safety, how-
ever we understand that education alone does not always
lead directly to behavior change.”? Exploring SRC beha-
viors in referees is outside the scope of this study but
future research will need to investigate this multifaceted
construct. As an example, a study by Kroshus et al'® found
that those referees with more SRC knowledge also demon-
strated greater self-efficacy, a key predictor in behavior
change. These researchers posited that those with higher
levels of SRC knowledge also had increased confidence in
their ability to call an injury time-out during challenging
game scenarios. Therefore, future research should continue
to explore how to best enhance referee self-efficacy in
SRC prevention, recognition, and management.

The Potential Role of the Referee in

Concussion Safety

The role of the referee is challenging and dynamic as they are
charged with making quick decisions (using proper judge-
ment and interpretation of the laws of the game), maintaining
clear communication with athletes, coaches and other refer-
ees, protecting player welfare, changing field position to best
view play, and maintaining the integrity of their sport.” The
role of the referee in overall sport safety has been tradition-
ally confined to simply enforcing the rules of the game.*
However, some researchers have advocated for an increased
role for referees in sport safety, especially in the recognition
and prevention of SRCs. Clacy et al*® investigated the per-
ceived responsibilities of rugby union stakeholders in the
prevention of SRCs. These researchers found that there
were significant discrepancies in how referees understood
their role-specific responsibilities in concussion prevention.
Additionally, the majority of referees in this sample did not
feel that they were directly a part of SRC safety. Similar
findings were found in our study as 85% of referees felt that
they could play a more significant role in SRC safety. While
enforcing the rules can minimize dangerous behaviors and
aid in the prevention of common SRC mechanisms, referees
can also play a vital role in protecting athletes by recognizing
initial signs of a SRC (eg recognizing balance/gait difficulties
following a contact mechanism) and removing athletes from
play to be properly medically evaluated.'*'® This becomes
even more important in youth sport, where there is often no
medical staff present to initiate this removal from play.® If
referees were more knowledgeable about SRC and had

a clearly defined role (eg the Blue Card program), then they
could potentially act as another important stakeholder in SRC
recognition/prevention. This can even remove pressures
from the coach/athlete dynamic when coaches are responsi-
ble for SRC recognition in the absence of qualified medical
professionals.®

Future Directions
The findings from this study, supported by previously pub-
lished literature, demonstrate that with the proper support and
education from their sporting organizations, youth sport
referees may be able to assist in recognizing potential SRCs
and mitigate risks of further injury in young athletes.
Education that focuses on the specific role of the referee in
concussion recognition and management may help referees
to feel more confident to stop play for proper medical assess-
ment by a qualified health professional. Educational
approaches should use a multimodal approach with various
types of resources to encourage engagement and retention
within this population. Additional support from stakeholders
including athletes, coaches, health professionals, and parents
could also help to foster an overall sport culture that prior-
itizes SRC safety. Empowering referees to recognize SRCs,
and in turn mitigate additional harm following SRC, is
important for national, provincial, and individual sporting
organizations to consider, particularly in youth sport settings
where qualified health professionals are often absent.®
Future research should continue to explore the role of the
referee in SRC safety, as literature in the area is extremely
limited. Perceptions of youth sport stakeholders in SRC safety
should be further investigated to identify how to create
a supportive environment for referees. Future research should
also investigate specific educational formats and strategies that
effectively target referees to increase their SRC knowledge and
self-efficacy to make positive decisions.

Limitations

Some limitations should be acknowledged upon the comple-
tion of this study. Few participants under the age of 18 com-
pleted this study, potentially due to the lengthy consent process
that was required. Since these individuals are often less experi-
enced referees, future research should attempt to investigate
concussion knowledge of less experienced referees in youth
sport settings. Additionally, participants in this study were self
selected (by responding to the initial email recruitment email
that was sent out by the referee organization) so there is the
potential for a response bias, as those with a personal interest in
SRCs may have been more likely to complete this study.
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Finally, the questionnaire was completed by participants
online, without a defined time limit, therefore participants
could have searched for information to help them answer the
SRC knowledge questions.

Conclusion

The purpose of this study was to explore SRC knowledge in
a sample of referees from various collision and contact sports.
Additionally, we explored how referees were educated about
concussions, what sporting organizations were doing to pre-
pare their referees to recognize concussions in youth sport,
and what the potential role for referees is in overall concus-
sion safety. Referees were found to be moderately knowl-
edgeable about SRCs, but many felt that they were not
equipped to recognize a potential SRC in their sport. Most
referees did not receive formalized SRC education from their
sporting organization and felt that more could be done to
educate youth sport referees about SRC, while focusing on
the specific role of the referee in concussion recognition.
These findings suggest that national, provincial, and indivi-
dual sporting organizations should ensure that all stake-
holders (including referees) are formally educated about
SRCs to encourage a safety-first environment for youth ath-
letes. Organizations could look to Rugby Canada®' and the
Blue Card Programme'® as practical examples of how to
create effective concussion education policies and practices,
while ensuring that any program is specifically designed for
referees in a particular sport. Established knowledge transla-
tion frameworks can also be implemented to help improve
referee knowledge about SRC’s, while also developing the
skills required to make competent decisions in recognizing
a potential head injury.*
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