














Table 4. Sample Characteristics of Females vs. Males

Mean (SD) or n (%)

Characteristic Female Male
(n=37) (n=11)
Age (Years) 12.90 (0.72) 13.12  (0.31)
Parent Education (Years) 15.08 (1.79) 14.86 (1.92)
Number of Previous Concussions
0 33 (89.2%) 7 (63.6%)
1 3 (8.12%) 2 (18.2%)
2 1 (2.70%) 2 (18.2%)
BASC-3 Composite Scores (T-Score)*
Externalizing Problems Index 47.16 (4.30) 47.55 (5.24)
Internalizing Problems Index 49.10 (6.74) 45.18 (6.24)
BASC-3 Subtest Scores (T-Score)*
Hyperactivity 47.59 (7.33) 48.82 (7.92)
Aggression 47.54 (3.34) 48.55 (4.95)
Conduct Problems 47.05 (4.37) 45.55 (4.48)
Anxiety 51.63 (9.60) 46.91 (10.58)
Depression 48.27 (6.27) 43.82 (4.60)
Somatization 47.89 (6.55) 46.55 (5.20)
ImPACT Composite Scores (Raw)®
Verbal Memory 82.79 (9.72) 85.07 (8.66)
Visual Memory 69.33 (11.43) 76.72 (13.33)
Reaction Time 0.70 (0.10) 0.67 (0.20)
Visual Motor Speed 31.62 (5.22) 32.58 (7.22)
PCSS Total Symptoms Composite 5.91 (6.64) 1.84 (3.57)

Notes. InPACT = Immediate Post-Concussion Assessment and Cognitive Testing; PCSS = Post-
Concussion Symptom Scale.

*BASC-3 scores are standardized to T scores such that higher values reflect greater behavioural problems.
Scores below 60 are considered to fall in the Normal range.

All ImPACT raw scores, with the exception of Reaction Time, are scored such that higher scores
represent better performance. Reaction Time is scored such that higher scores represent greater time (i.c.,
worse performance).
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A model including only the intercept was calculated first, to determine the extent
to which the outcome can be predicted based only on number of occurrences observed.
Given that there were 48 occurrences of a negative concussion history compared to 8
occurrences of a positive concussion history, this model would predict that an athlete
with an unknown concussion history was more likely to have had zero previous
concussions than one or more. Indeed, this model incorrectly predicted that all 48
participants would have a history of zero concussions.

A test of the full model against the constant-only model was not statistically
significant, indicating that the predictors as a set did not reliably distinguish between
those with a positive and negative concussion history, y*(2) = 2.74, p = .254.
Nagelkerke’s R? of .09 indicates a negligible relationship between prediction and
concussion history. Prediction success rate overall was 83.3%, with 100% of those with a
negative history of concussion correctly classified, and 0% of those with a positive
history of concussion correctly classified. The Wald criterion demonstrated that neither
the BASC-3 Externalizing Problems Index, z = 1.13, p = 0.29, nor Internalizing Problems
Index, z=1.99, p = 0.16, made significant contributions to prediction.

The author advises against scrutinizing the odds ratios for the BASC-3 composite
variables, as their 95% confidence intervals both include one. This indicates that the true
nature of the relationship in the general population may be such that an increase in the
composite variable may increase the likelihood of having at least one previous
concussion, or it may decrease the likelihood of having a positive concussion history.

Odds ratios for the predictors and the constant can be found in Table 4.
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Interestingly, the Hosmer and Lemeshow goodness-of-fit test failed to reach
significance, y*(7) = 6.25, p = .511, which indicates that there are no statistically
significant differences between observed and model-predicted values. In other words, the
model was a good fit to the data. In this case, it has already been observed that the model
is not clinically useful, given that it correctly predicted 0% of the athletes with a positive
history of concussion. It is likely that this result is because there are so few positive
occurrences to predict. Thus, the model correctly predicted that no athlete would have a

history of concussion, but this finding has negligible clinical value.
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Table 5. Binary Logistic Regression Predicting Concussion History

95% CI for OR

Included

B SE Wald df p OR Lower Bound  Upper Bound
Intercept -2.09 468 020 1 0.656  0.12 0.00 1198.80
BASC-3 Externalizing
Problems Index® 0.10  0.09 1.13 1 0.287 1.10 0.92 1.33
BASC-3
Internalizing Problems
Index® -0.09 0.06 1.99 1 0.159 091 0.81 1.04

Note. R? = .06 (Cox & Snell) .09 (Nagelkerke). Model y*(2) = 2.74, p = .254

*BASC-3 scores are standardized to T scores such that higher values reflect greater behavioural problems.

Scores below 60 are considered to fall in the Normal range.
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CHAPTER 4.
DISCUSSION

The purpose of the present study was to investigate the relation between current
internalizing and externalizing behaviour and concussion history in children. This was
attempted by examining whether BASC-3 composite scores for those behaviours could
be used to predict whether a player had previously sustained a concussion. It was
hypothesized that a binary logistic regression model would be able to significantly
differentiate between athletes with and without a concussion history based on the
predictors of internalizing and externalizing behaviour ratings.

Contrary to the hypothesis, the logistic regression did not significantly
differentiate the two groups. There was no observable relationship between concussion
history and current internalizing and externalizing behaviour in this sample. Neither
behavioural predictor made significant contributions to the model, and inspection of the
odds ratios and their associated confidence intervals revealed uncertainty regarding
whether each behaviour increased or decreased the likelihood of having a history of a
concussion. Based on these findings, this suggests that current internalizing and
externalizing behaviour as measured by the BASC-3 cannot be used within this sample to
reliably predict who has sustained a concussion in the past.

This result is not surprising when the sample is considered. In combination with
having a small sample size, most players had not sustained a previous concussion, thus
there were few occurrences of concussion history for the model to predict. In the future, a
sample that is more evenly split in the outcome variable (i.e., having an equal proportion

of those with and without a previous history of concussion) may allow statistical
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techniques like logistic regression to more accurately detect differences between groups.
Despite the uneven group sizes, the lifetime prevalence of concussion observed in our
sample is in line with reported prevalence rates in recent research among children (Ilie,
Boak, & Adlaf, 2013; Veliz, McCabe, Eckner, & Schulenberg, 2017). This indicates that
the present sample is likely representative of the general population in terms of number of
concussions sustained. Thus, one to two hundred athletes may need to be recruited to
attain an adequate number of athletes with a history of concussion such that they can be
matched with athletes without a history.

Where this sample may not be representative of the general population of child
athletes is the level at which these athletes are playing. Typically, sport associations split
their teams into “house” teams and the more competitive “rep” or travel teams, where
only the top players at a given age group are selected. The athletes in this sample were all
part of rep teams. The University of Windsor’s Sport-Related Concussion Centre
(SRCC), where the data were obtained, had only recently begun offering a concussion
management program to community sports teams, and so far, only the elite rep teams in
the surrounding area are part of the program. Part of this may have been due to cost; the
SRCC charges $20 per child for baseline assessments (amounting to approximately $350
per team), and house leagues may not have the resources to afford these assessments.
Indeed, participation per child in a travel league team in Ontario may cost anywhere
between $1,000 to $5,000 CAD annually per child (Pom, 2014; Watt, 2014), and teams
without this financial resource may be less able to afford baseline concussion testing for

their players.
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The high average socioeconomic status of athletes that participate on travel teams
may also have contributed to the very limited clinical variability in BASC-3 scores
observed in this sample. Participation in travel league sports can be costly, and families at
low income levels may find themselves unable to afford to pay for their child’s travel
league sports (Watt, 2014). Additionally, investigation of the sample’s demographic
characteristics found that parents on average have the equivalent of three years of post-
secondary education. It has been previously observed that lower parent socioeconomic
status is associated with higher levels of problem behaviours (Kalff et al., 2001; Liu & Li,
2013), and thus the high average socioeconomic status of the sample may explain why so
few parents endorsed behavioural problems in their children.

Alternatively, the nature of travel league teams may be such that athletes with
significant behaviour problems may be dissuaded from participating on such a team. In
fact, the online guidelines for one of the travel leagues from which participants were
recruited for this study (Tecumseh Soccer Club) states that “players must be mentally
tough” and that coaches may not recruit players who are not mentally tough enough to be
on the team ("Tecumseh Soccer Club — Tryouts,"). In the field of applied sport
psychology, mental toughness has been defined as

“having the natural or developed psychological edge that enables you to generally

cope better than your opponents with many demands (competition, training,

lifestyle)... [and to] be more consistent and better than your opponents in
remaining determined, focused, confident, and in control under pressure” (Jones,

2010).
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Mental toughness has shown to be associated with higher levels of positive affect
and lower levels of negative affect (Mahoney, Gucciardi, Ntoumanis, & Mallet, 2014),
thus it is possible that athletes with elevated levels of behaviour problems, especially
those relating to negative affect, may not be recruited as often for rep-league teams.
Therefore, whereas this sample may be very representative of the average rep-league
player, more casual athletes including those playing in house leagues may have higher
rates of behaviour problems.

As such, the lack of association found between behaviour problems and
concussion history may be true for rep level players only. Without a more diverse sample,
it is difficult to know whether these findings would generalize to other populations,
including house-league athletes, and even those who are no longer athletes. The present
findings are certainly discrepant from what was hypothesized given previous research of
behaviour problems in child athletes following concussion (Brooks, Iverson, Atkins,
Zafonte, & Berkner, 2016; Ellis et al., 2015). One alternative explanation for why
concussion history showed no relationship with behaviour problems in this sample may
be that athletes who sustain one or more concussions leading to behavioural problems
were more likely to take time off elite sports (or sports all together) and thus would not
be present in our sample. Alternatively, the mental toughness required to play sports at
such an elite level may be associated with higher resiliency, and thus athletes who go on
to sustain one or more concussions may be at a lower risk of developing long-term
behavioural problems.

In addition to the restricted sample, another limitation of the present study is the

reliance on informant-report measures of behaviour problems. It has been widely
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documented in the literature that agreement between parent-reports and self-reports of
children’s behavioural adjustment tend to be moderate at best (De Los Reyes & Kazdin,
2005; Rescorla et al., 2013). Furthermore, there is evidence to suggest that parent- and
self-reports are more discrepant for children ages 12—19 compared to children aged 611
(Achenbach, McConaughy, & Howell, 1987), and for internalizing behaviours compared
to externalizing behaviours (De Los Reyes & Kazdin, 2005). Social desirability may have
also impacted parents’ willingness to disclose problematic behaviours in their child;
although efforts were made to reassure parents that this information would not be
disclosed to their child’s coaches or trainers, parents nonetheless may have been more

hesitant to report behaviours that may paint their child in an unfavorable light.

4.1 Overlap with Previous Research

There is currently a very limited body of research examining the relation between
concussion history and behavioural problems in child athletes. Few studies to date have
examined the relationship between history of multiple concussions and behavioural
problems, and those that have been conducted have yielded discrepant results. A recent
study published in the Journal of the International Neuropsychological Society used
number of previous concussions to predict Anxiety and Depression subscale scores on the
BASC-2 and found no relationship (B values of .09 and .02, respectively; (Plourde et al.,
2018). Notably, their sample was similar to that of the present study in that the average
time elapsed since last concussion was 2.7 years; in the present sample, the average
length of time elapsed since concussion is 2.3 years. It is possible that, in both studies,

too much time had elapsed to see any difference between groups. Additionally, both
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samples consisted of Canadian families with highly educated parents. High SES may also
explain the similarity in results seen between studies.

Conversely, Liu and Li (2013) found a significant association between number of
previous concussions and both internalizing and externalizing behaviours, although the
relation was stronger for externalizing behaviours. Notably, they found that multiple, but
not single, head injuries were associated with increased internalizing and externalizing
behaviour. In the present study, concussion history was aggregated so that all participants
who experienced one or more concussions fell into the same group. With more
participants, it would have been possible to replicate Liu and Li’s design such that three
groups were compared (0, 1, 2+ concussions) rather than two. Other factors that may
account for the differences in observed outcomes between Liu and Li (2013)’s research
and the present study include differences in populations and in measures. Liu and Li
studied a population of over 1,500 6-year-old Chinese schoolchildren whereas this study
included only 48 elite child athletes. Additionally, the Chinese version of the CBCL
correlates imperfectly with the BASC-3 (Reynolds & Kamphaus, 2015).

In line with the methodology of Plourde and colleagues (2018), a strength of the
present study compared to other previous research is its use of a dimensional measure of
behaviour rather than discrete categories (e.g., diagnosis versus no diagnosis). Most of
the previously cited studies have relied on diagnoses of a clinical disorder such as
depression or ADHD as an outcome variable rather than assessing behaviour on a
continuous scale. This reliance on dichotomous indicators of behavioural problems
results in the loss of information about the relation between concussion and varying

levels of behavioural adjustment. A dimensional measure of behaviour such as the
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BASC-3 allows for investigations of subclinical levels of behaviour which would

otherwise be lost in a research design that only considers diagnosis versus no diagnosis.

4.2 Implications

Although the present investigation was limited in sample size and sample
variability, and it relied entirely on parent reports of behaviour, there are several
important implications to highlight. This study should be viewed as evidence that a
relationship between concussion and internalizing and externalizing behavioural
problems may not exist in this specific population, rather than a failure to replicate
previous research. Several hypotheses may explain why elite child athletes might not
show behavioural problems following concussion. The elite child athletes may be more
resilient, and thus at lower risk of long-term problems, or child athletes with significant
behavioural problems following concussion may not continue to play at the elite level.
Thus, although direction of causality cannot be inferred, these findings should not be
generalized to house-league or other recreational athletes as these populations may
demonstrate different relations between concussion and behavioural adjustment.

Future studies should seek to attain wider, more representative samples of athletes
to make more broad generalizations about the association between concussion and
behaviour problems. Community and high-school recreational sports teams may be more
appropriate as behavioural problems could be more prevalent in these populations,
resulting in greater variability to analyze statistically. Plourde and colleagues (2018) had
a larger sample than the present investigation and their results did not yield significance,
but their population was not well-described and may have been similar to that of the

present study in terms of athlete status. Their sample also appeared to be of a similar
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socioeconomic status, with most parents holding a college or university degree. Thus,
efforts should continue to be made to expand to populations of lower athletic and
socioeconomic status.

Considering the criticisms outlined above about informant reports of adolescent
behavioural adjustment, self-report forms may also want to be administered in addition to
parent-report forms in future studies. Adolescent raters may be particularly better at
reporting their own internalizing symptoms, including anxious and depressive thoughts
and other unobservable behaviours (De Los Reyes & Kazdin, 2005).

This study also represents a building block for future research to expand on in
terms of both concussion history and direction of causality. With a larger sample size,
concussion history should be stratified such that recurrent concussions can be examined
in relation to behaviour, as was the original aim of this study. Statistical methods such as
multinomial logistic regression and receiver operating characteristic (ROC) curve
analysis can be used to examine the specific behavioural profiles that differentiate two or
more concussions from one concussion. As direction of causality cannot be inferred from
these methods (i.e., concussion may cause behaviour problems, behavior problems may
increase risk of concussion, or there may be a bidirectional effect), future studies should
also seek to use longitudinal methods. For example, baseline BASC-3 scores could be
used to predict the athletes who sustained a concussion over the course of a season, or
even the athletes who are likely to have a more complicated recovery following
concussion.

In conclusion, the present investigation represents the first step toward a more

complete understanding of behavioural adjustment and concussion history. Although the
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present study suggests that there is no relation between behavioural problems and
concussion in elite child athletes, there is much room for improvement in study design
and methodology. It is imperative that methodologically sound and generalizable studies
continue to be conducted on the understudied population of child athletes to ensure

proper concussion management among children.
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APPENDICES

Appendix A
The BASC-3 Parent Rating Scales (PRS)

The PRS takes approximately 10-20 minutes to complete and has three age-level
forms: preschool (ages 2-5), child (ages 6—11), and adolescent (ages 12-21). As
participants in the present study ranged from ages 10 through 17, the child and adolescent
forms were used.

Each form contains descriptions of behaviours that the respondent rates on a four-
point Likert scale ranging from 0 (never) to 3 (almost always). Note that a response of
“never” indicates that the parent has never observed this behaviour or emotion in the
child, not that the behaviour has never occurred outside the home or in contexts where the
parent was not present (e.g., at school). Items are scored to form 9 clinical scales that
assess the following areas of behaviour: aggression, anxiety, attention problems,
atypicality, conduct problems, depression, hyperactivity, somatization, and withdrawal.
Each item is unique to a scale; in other words, there are no items that contribute to more
than one scale.

Norm-referenced 7-scores are provided for each scale (M = 50, SD = 10). Gender-
and age-specific norms will be used for this study. Across all clinical scales, high scores
represent negative or undesirable behaviour or emotions that are generally problematic
and cause impairments in functioning at home, at school, with peers, or in community
settings. T-scores below 60 fall in the normal range; 7-scores between 60 and 69 fall in
the at-risk range, and 7-scores above 69 fall in the clinical range.
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Appendix B

Reliability and Validity Statistics for the BASC-3 Internalizing Problems and
Externalizing Problems Composites

Reliability Statistics

Cronbach’s « for the Internalizing Problems Composite and Externalizing
Problems Composite of the child and adolescent PRS range from .93 to .97 (Reynolds &
Kamphaus, 2015).Test-retest reliabilities for the child Internalizing Problems and
Externalizing Problems Composites are good (corrected rs = .88 and .87, respectively).
Test-retest reliabilities for the adolescent Internalizing Problems and Externalizing
Problems Composites are excellent (corrected rs = .93 and .93, respectively).

Validity Statistics

Within the child form of the PRS, the Internalizing Problems Composite and the
Externalizing Problems Composite correlate moderately (r = .42). Within the adolescent
form of the PRS, they correlate strongly (r = .64). These correlations will be considered
during the data cleaning process, as highly correlated predictors can lead to
multicollinearity.
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Appendix C

The Post-Concussion Symptom Scale (PCSS; ImPACT Technical Manual, 2011

Headache 1 2 3 4 5 6
Nausea 1 2 3 4 5 6
Vomiting 1 2 3 4 5 6
Balance Problems 1 2 3 4 5 6
Dizziness 1 2 3 4 5 6
Fatigue 1 2 3 4 5 6
Trouble Falling Asleep 1 2 3 4 5 6
Sleeping More Than Usual 1 2 3 4 5 6
Sleeping Less Than Usual 1 2 3 4 5 6
Drowsiness 1 2 3 4 5 6
Sensitivity to Light 1 2 3 4 5 6
Sensitivity to Noise 1 2 3 4 5 6
Irritability 1 2 3 4 5 6
Sadness 1 2 3 4 5 6
Nervousness 1 2 3 4 5 6
Feeling More Emotional 1 2 3 4 5 6
Numbness or Tingling 1 2 3 4 5 6
Feeling Slowed Down 1 2 3 4 5 6
Feeling Mentally “Foggy” 1 2 3 4 5 6
Difficulty Concentrating 1 2 3 4 5 6
Difficulty Remembering 1 2 3 4 5 6
Visual Problems 1 2 3 4 5 6

If subjects are not experiencing a symptom, they check a box indicating they are “not experiencing the symptom,”
and a score of 0 is assigned for that item.
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Appendix D

Demographics Survey and Consent Form

Universityof Windsor

SPFHA-SRCC Baseline Participant Form

SRCC Baseline Consent Form

| agree to have my child undergo a baseline evaluation at the direction of the Sport-Related Concussion Centre
(SRCC). | understand and agree that the results of this evaluation will be the sole property of the SRCC. | hereby
WAIVE ANY AND ALL CLAIMS that | have or may in the future have against the University of Windsor AND
RELEASE the University of Windsor, its officers, trustees, agents, and employees, from any and all liability for any
loss, damage, expense or injury, including death, DUE TO ANY CAUSE WHATSOEVER, INCLUDING NEGLIGENCE,
BREACH OF CONTRACT, OR BREACH OF ANY STATUTORY OR OTHER DUTY OF CARE ON THE PART OF
SRCC.

| understand that the purpose of this evaluation is for sport concussion baseline testing and, if deemed appropriate
by the SRCC staff, a post-concussion evaluation. Should my child be asked to undergo a post-concussion
evaluation(s), | give permission for Supervising Clinical Neuropsychologist(s) to give information about my child’s
readiness to return to regular activities (including school and sports) to me, my team’s head coach and/or trainer, as
well as my child’s physician. This information could be communicated through one or more of the following means:
face-to-face conversation, secure email or fax, telephone, or mailed letter. The Supervising Clinical
Neuropsychologist might also briefly discuss the basis for their impressions in one or more of these communications.
| also consent to the coaches and/or trainer sharing their observations of my child’s behavior, the nature of the
injury, and my child’s history with the Supervising Clinical Neuropsychologist(s).

Clinical and research evidence suggests that the measures selected for baseline and post-injury assessment are
useful in forming an opinion about readiness to return to learn and return to play after sport-related concussion.
Nonetheless, we do not claim that the measures included necessarily provide all the neuropsychological and other
information that might be helpful in making such a decision or is it sufficient to provide a psychiatric diagnosis or a
basis for academic, occupational, or rehabilitation planning or litigation. If your child has elevated symptoms at
baseline testing, we may contact you for a follow-up interview where you will be asked some more questions to
determine the reason for the elevation at baseline.

The baseline assessment will consist of the INPACT computerized cognitive tasks, balance testing, a symptom
survey, and parent-completed questionnaires that focus on the child’s psychosocial and behavioral adjustment. The
post-concussion assessment will consist of a clinical interview, the INPACT computerized cognitive tasks, balance
testing, and a symptom survey. Completion of the post-concussion assessment typically takes 60 minutes. The
parent or legal guardian is responsible for paying the cost of the post-concussion assessment(s) at the time the
assessment(s) takes place. Cost is $150/hour, some or all of which you might recover through workplace benefits or
extended health benefits. You will be provided with an invoice for this purpose.

Final return to play decisions will be made by me, the team’s coach, and the team’s trainer in consultation with the
clinical neuropsychologist(s) and, if | request, my child’s physician.

| understand that | may withdraw my consent to this evaluation and to the transfer of information at any time by
means of a written letter. If | do not withdraw my consent, it will remain effective.

| understand that | have the right to receive a copy of this form upon my request.

Confidentiality

The services that you will receive are confidential, which means that:

I. We will not give information to anyone outside of the members of the SRCC about your child’s evaluation except
as otherwise provided in this document.

2. Only in exceptional circumstances where required by law will members of the SRCC disclose information about
you to others without your consent. For example, disclosure is required by law in cases where there is a suspicion of
child abuse or when a person poses a threat of serious injury to themselves or to others.

Teaching

By indicating below, | give the SRCC Faculty and Staff permission to use the information collected pursuant to this
document for classroom teaching or public workshops. To maintain confidentiality, | understand that my name, as
well as my child’s name, date of birth, or any other information that might identify me or my family will not be
included in any presentations. | understand that giving or withholding permission will in no way affect the services
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that the SRCC is providing and that in the event that | give permission, | may rescind it at any time.

Research

Info [l d nt to this d might be included In a group datab that could be used for studies
hbouuoummdingd sport-related eoneuulen Publications from this research would use de-identified data,
with names, and other p infor No cne can be identified in these publications, and

your privacy and that of your family ks compietely protected, All research to come from this data must be approved
by the University of Windsor Research Ethics Board. Researchers who obtain dmwmmnmmg information must

) lity. R hers who use de-identified data will ymity of p pant data.
Type Name of Parent/Guardian
Type here

Provide Signature (as best possible)

Clear

Next
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@ Universityof Windsor

SPFHA-SRCC Baseline Participant Form

e

Parent Demographics

Last name (parent)

Type here

First name (parent)

Type here

Primary Phone Number

Type here

Email Address

Type here

Relationship to Child

Mother
Father
Legal Guardian

Other, please specify... Type here

Years of education completed (parent 1)

E.g.. 12 = high school grad 14 = college dipk . 16 = uni y degree; 18 = Master's degree, elc
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Type here

Years of education completed (parent 2)

E.g.. 12 = high school gradi 14 = colleg { 16 = ity degr

Typo here

Save and continue later
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. 18 = Master's degree, elc.
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@ Universityof Windsor

SPFHA-SRCC Baseline Participant Form

o

Child Demographics

Child's First Name

Type here

Child's Last Name

(if different from parent)

Type here

Child's Date of Birth

Date YYYYMMDD

Child's Gender

Male

Female

Hockey Division

Atom
Peewee
Bantam

Midget / Je
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Child's Ethnic Background

Aboriginal/First Nations

Asian descent

Black or African descent

Hispanic/Latina

Nan.hi Wit/

Mixed/Bi-racial

Other, please specify... Type hore

Child's Weight (Ibs)

Required for balance testing

Type here

Child's Height (#'#")

Required for balance testing

Type here

Back Next

Save and continue later
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@ Universityof Windsor

SPFHA-SRCC Baseline Participant Form

[

Developmental & Medical History

Has your child ever been diagnosed with any of the following...?

Please select all that apply.

Learning disorder

A deficit hyp ty disorder (ADHD)

Depression

Anxiety

Epllepsy / seizure disorders

Speech language disorder

Autism spectrum disorder

Oppositional defiant disorder

Conduct disorder

Vision problems

Hearing problems

Other, please specify... Type here

NONE APPLY

If so Inclined, feel free to elaborate on your selecti above.

Type here

&9



Save and continue later
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@ Universityof Windsor

SPFHA-SRCC Baseline Participant Form

-~

Concussion History

Many children experience injuries resulting in a hit to the head or jaw. These Injuries can be sport-related
(e.g., while skiing, snowboarding, biking, or skateboarding; from being body-checked; from being hit by
equipment such as puck or ball), or non-sport-related (e.g., in a motor vehicle accident; as a result of
fainting, falling, or slipping; while on the playground).

Has your child ever experienced an Injury resulting in a hit to the head or jaw that caused confusion

andlor one or more of the following symp : headach vomiting, dizzi Ibal. probl
fatigue, trouble sleeping, drowsiness, sensitivity to light or noise, blurred vision, difficulty bering,
and difficulty concentrating?
Yes No
Back Next

Save and continue later

91



@ Universityof Windsor

SPFHA-SRCC Baseline Participant Form

For each occurrence, please indicate the cause of the Injury, the actual or estimated date each took
place, and the associated symptoms and their length.

First Occurrence:

Cause of Injury Type here
Estimated Date Type here
Associated

Symptoms Type here

How long did It
symploms persist? Typo

Second Occurrence:

Cause of Injury Type here
Estimated Date Type here
Associated

Symptoms Type hare
How long did

symploms persist? Type here

Third Occurrence:

Cause of Injury Type here
Estimated Date Type here
Assoclated

Symptoms Type here
How long did

symptoms persist? Type here

Fourth Occurrence:
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Cause of Injury

Estimated Date
Assoclated
Symptoms

How long did
symptoms persist?

Fifth Occurrence:

Cause of Injury

Estimated Date
Associated
Symptoms

How long did
symptoms persist?

Type here
Type here
Type here

Type here

Type here
Type here
Type here
Type here

Back Submit

Save and continue later
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Appendix E
Description and Operationalization of Covariates

Sex. Sex will be dummy coded and entered as a covariate if males and females are
found to differ on the outcome variable (number of previous concussions). If it shows
statistical significance, this indicates that the inclusion of sex adds predictive power to the
model, and that the relationship between behaviour on the BASC-3 and concussion
history differs between males and females.

Cognitive status. As there is no singular score representing the player’s
performance across all composites, the Visual Motor Speed Composite will be used to
represent the player’s cognitive status. The Visual Motor Speed Composite shows the
best reliability compared to all other composite scores and demonstrates the least
variability in ICC estimates across studies (Brett & Solomon, 2017). Additionally, this
composite shows strong significant correlations with the InPACT Verbal and Visual
Memory Composites (rs = .88—.89; Allen & Gfeller, 2011) and significant moderate
correlations with the InPACT Reaction Time and Impulse Control Composites (rs = .24—
.58; Allen & Gfeller, 2011). For these reasons, the Visual Motor Speed Composite will be
used as the sole score representing cognitive status for this study. This variable will be
entered as a covariate if it is found to correlate with the outcome variable. This data will
be taken from the athlete’s most recent baseline assessment, usually completed within a
few days of parent completion of the BASC-3.

Post-Concussive Symptoms. The Total Symptoms Composite of the PCSS may
be entered as a composite score to control for the effect of chronic post-concussive
symptoms on the Somatization subscale of the Internalizing Symptoms Subscale. This
composite scale measures the frequency and severity of current post-concussive
symptoms for each player.

Duration since last concussion. Duration since last concussion (in days) may be
entered as a covariate because those who have had a recent concussion may experience
more behavioural problems, and those who have sustained multiple concussions are more
likely to have a recent concussion compared to a player who has sustained one
concussion. For athletes with zero previous concussion, the number entered will be the
age in days of the youngest participant in the sample (4106 days). The reason for this is
because covariates in a logistic regression must relate to all possible outcomes. In other
words, entering the player’s age in days is analogous to saying that they have never
experienced a concussion in their lifetime, because a distant concussion (i.e., a larger
value in terms of days since last concussion) should have a smaller effect on the model
than a recent concussion (i.e., a smaller value).

Parental education. Given its association to both number of previous concussions
and behavioural problems, parental education may be entered as a covariate. The number
of years of education for both parents will be averaged into one variable to ensure that
athletes who are being raised by single parents do not have missing data. Parental
education will be entered as a predictor.

Age. Although age is commonly entered as a covariate in studies of concussion
and behaviour, it will not be entered as a covariate in this model. The primary outcome
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variables (the Internalizing Problems Index and Externalizing Problems Index of the
BASC-3) are age-corrected, as the T-scores were generated using age-specific norms.
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Appendix F
Assumptions of Logistic Regression

Categorical outcome variable. Whereas standard binomial logistic regression
assumes a dichotomous outcome variable, multinomial logistic regression is an extension
of the bivariate model where the outcome variable can have more than two levels
(Hosmer & Lemeshow, 2000). The possible outcomes may be nominal, or they may be
ordinal (Tabachnik & Fidell, 2007); for the present study, the number of previous
concussions a player has sustained is an ordinal outcome variable.

Independence of observations and errors. Logistic regression assumes that each
score and its residuals are statistically independent from the other scores. This
assumption is often violated in experimental design with nested groups, as the
observations may influence one another and may correlate. Additionally, it may be
violated in designs that use repeated measures (Tabachnik & Fidell, 2007). In the present
study, independence of observations was not a problem due to the research design. Lack
of independence of observations can lead to over-dispersion, to be discussed later (A.
Field, 2009).

Multivariate normality and linearity. Logistic regression does not assume
normality, linearity, or homoscedasticity of variance, but it is important to note that
multivariate normality and linearity among the predictors enhances statistical power
(Tabachnik & Fidell, 2007). This is because linear combinations of predictors are used to
form the exponent on which the prediction is based (Tabachnik & Fidell, 2007).

Univariate normality is necessary but not sufficient for multivariate normality. To
assess for univariate normality, skew and kurtosis values were assessed for each
predictor, and the histograms, boxplots, P-P plots and Q-Q plots were visually examined
for normality. Skew and kurtosis values were divided by the standard error and a cutoff
value of + 1.96 was used (A. Field, 2013). The PCSS Total Symptoms Composite was
the only variable to exceed this cutoff for skew with a value of 4.24, but as it theoretically
makes sense for scores to cluster around zero, with individuals experiencing significant
levels of post-concussive symptoms at baseline, a data transformation was not deemed
necessary.

To assess for multivariate normality, Mahalanobis’ distance was examined with a
cut-off value of 101.879 determined using the Chi-square distribution with £ = 80
(Tabachnik & Fidell, 2007). Cook’s distance was also examined to assess for influential
observations, using a cut-off of 1. No values exceeded this cut-off.

Linearity of the logit. Logistic regression assumes linearity of the logit (A. Field,
2009). In regression analyses, it is typically assumed that the outcome has a linear
relationship with the predictors; however, in logistic regression the outcome is categorical
or ordinal, so the logit of the outcome variable is used instead. It is assumed in linear
regression that the logit is linearly related to the continuous predictor variables
(Tabachnik & Fidell, 2007). This assumption was tested by adding terms to the logistic
regression model composed of the interaction between a given predictor and its log
transformation, where significance of the interaction term indicates violation of this
assumption (A. Field, 2009; Tabachnik & Fidell, 2007). This assumption was satisfied for
all predictors.
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Absence of separation of groups. Complete separation of groups occurs when the
data for the predictor variables do not overlap at given levels of the outcome variable (A.
Field, 2009); for example, in the present study, if athletes with zero concussions fell in
the Low-Normal to Normal range on the PCSS, athletes with one concussion fell in the
Unusual range, and athletes with more than one concussion fell in the High range, there
would be complete separation of groups. Separation of groups poses a problem when
calculating the probability curves, as a maximum likelihood solution becomes impossible
(Tabachnik & Fidell, 2007). This is observed in the output by extremely high parameter
estimates and large standard errors (A. Field, 2009; Tabachnik & Fidell, 2007). Estimates
also increase with succeeding iterations, or the statistics software may fail to converge on
a solution entirely (Tabachnik & Fidell, 2007).

Should separation of groups occur, the recommended course of action is to collect
more data; however, because the present dataset has been collected, the solution then
becomes to exclude the offending predictor. In the case of the present study, failure to
converge indicating separation of groups occurred when “Days Since Previous
Concussion” was entered as a covariate, thus this predictor was omitted from all further
analyses. Tabachnik and Fidell (2007) note that complete separation of groups is
typically problematic when sample sizes are too small, as is likely the case with this
dataset. This assumption remains satisfied so long as “Days Since Previous Concussion”
is not used as a predictor.

Lack of incomplete information from the predictors. Incomplete information
from the predictors becomes increasingly problematic as more predictors are added to the
model (A. Field, 2009). This issue occurs when there is not enough data to support each
combination of predictors; for example, in the present dataset, the statistics software will
be unable to make predictions about concussions sustained with an elevated BASC-3
Internalizing Problems Index score, low BASC-3 Externalizing Problems Index score,
high parental education, few concussive symptoms, and a long duration since their
previous concussion if there are no athletes in the dataset who have that particular
combination of predictor values. In other words, there is no way of estimating number of
previous concussions sustained based on the other cases in the dataset, because no other
cases provide that same combination of predictors as those values. Therefore, data should
be collected from all combinations of predictor variables.

The assumption of incomplete information from the predictors can be assessed
before analyses are conducted by calculating a contingency table (A. Field, 2009).
Expected frequencies can be assessed in each cell to ensure that they are greater than 1.
Field (2009) recommends that no more than 20% of cell frequencies are less than 5.
When only the two primary predictors are considered, zero athletes fall in the range of
having high BASC-3 Internalizing or Externalizing problems, indicating that no
combination involving elevated BASC-3 Indexes is possible for athletes with a
concussive history, whereas it is possible for athletes without a concussive history.
Therefore this assumption is violated.

One solution for violations is to collect more data; however, the data has already
been collected so another recommended solution is to remove one or more predictor
variables. Because the researcher has already minimized the number of predictors entered
into the model down to just the two primary predictors, this assumption will remain
violated which will likely impact the likelihood of finding significant results.
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Absence of over-dispersion. Over-dispersion occurs when the observed variance
is larger than what would be expected from the logistic regression model (A. Field,
2009). Violations of this assumption can occur because of correlated observations (i.e.,
independence is violated), or variability in success probabilities which can lead to
correlated observations (A. Field, 2009). Over-dispersion limits standard errors, which
can cause tests to appear falsely significant and confidence intervals to appear falsely
narrow (A. Field, 2009). Over-dispersion is present if the ratio of the goodness-of-fit
statistic to its degrees of freedom is greater than 1 (A. Field, 2009). Over-dispersion is
likely to be problematic if the ratio approaches or exceeds 2 (A. Field, 2009). This
assumption was met for the present sample.

Absence of multicollinearity. Multicollinearity occurs when predictor
variables are highly correlated with one another. Singularity occurs when predictor
variables are so highly correlated with one another that they likely represent the same
construct. Multicollinearity in the dataset is identified by exceedingly large standard
errors for parameter estimates (Tabachnik & Fidell, 2007). Multicollinearity can be tested
by running the model as a standard linear regression analysis and examining the variance
inflation factor and tolerance (A. Field, 2013). In the presence of multicollinearity, the
recommended solution is to remove one or more redundant predictors. Alternatively, two
highly correlated predictors can be combined into one (Tabachnik & Fidell, 2007).
Neither of the primary predictor variables were correlated with one another (»=.16, p >
.05), thus multicollinearity was not likely to be a problem with these variables. Given that
time since last concussion was entered as age in days for those that had not had a
concussion (see Appendix E), this variable was significantly correlated with age (» = .99,
p <.001); however as it was already determined that there was a failure of convergence
when days since last concussion is entered as a predictor, this is not a concern for
multicollinearity as this predictor cannot be used in the model. The InPACT Visual
Motor Speed Composite and age were significantly correlated (r = .33, p = .04), as were
the PCSS Total Symptoms Composite and sex (coded such that 1 = male and 2 = female;
r=.50, p =.001), but both of these correlations were judged to be low enough so as not
to constitute multicollinearity.

Further collinearity diagnostics were examined by running the logistic regression
model with only the two primary predictors as a linear regression and examining the
Variance Inflation Factor (VIF) and tolerance statistics. Tolerance values less than 0.1
and VIF values greater than 10 are indicative of collinearity (A. Field, 2013); neither
predictor exceeded these cut-offs. In sum, the assumption of multicollinearity was met.
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