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Abstract

The rate of concussionshas beenexaminedin elite levels of ice hockey but has yet
to be studied in community, youth hockey in British Columbia where they are also
thought to occur. Due to the relative rarity of the concussion,a large number of
gamesneedto be obsenedin orderto gain a reliable estimate. This can becomevery
costly if hired peopleare usedto collectthis data. Hired peopleare alsolimited in the
amourt of follow-up neededto con rm ead concussion.Therefore,a more thorough
and cost e ective method of data collection is neededin order to obtain reliable rate
estimates.

This project assessethe use of community volunteers as a valid sourceof data
collection while examining the e ect on concussionrate due to player ageand abil-
ity. Concussionrates are modeled using generalestimating equations coupled with
an adjusted AIC, usedfor quasi-likelihood techniques. While current results are in-
conclusiwe, a new study designis proposedwhich will be both cost-e ective, while
adjusting for the possibility that community volunteersunder report the true number
of concussions.
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Chapter 1
In tro duction

There is an inherert risk of injury when playing any sport. In ice hockey, one such

injury is the concussionwhoselevel of risk is becomingof great interest to the sports

medicine eld. Recen scierti ¢ and anecdotalevidencehasindicated that long term

cognitive de cits can occur as a result of sustainingone (or many) concussionsPre-
vious studies have shavn that concussionsdo occur at the highest skill levels suth

as the National Hockey League(NHL) (Wenrberg and Tator, 2003) and the Cana-
dian Junior Hockey League(CJHL) (Goodman et al., 2001). At theseelite lewvels,
eat team hasa trainer and a liated physician who are responsiblefor player injury

managemeh Players often do not have this direct accessto medical care at lower
skill levels. Concussionsare thought to occur at these lower levels and, with more
than 500,000minor (youth) hockey players currertly registeredwith Hockey Canada
(Hockey Canadaweb-site,2003), this group is of speci ¢ concern. Yet the concussion
rate for theseyoung players is unknown.

At the presen time, the Motor Behaviour Laboratory (MBL) researbersin the
Sdool of Kinesiology at Simon Fraser University are examining the issue of con-
cussionsas well as promoting awarenessthroughout the minor hockey community
in British Columbia. Part of the program to increaseawarenessincludes providing
evidencethat concussionsre actually occurring at this level. By providing reliable es-
timates of the concussiorrate in minor hockey, the MBL researberscanwork towards
reducingthis rate while making hockey a saferand more enjoyable game. Along these
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lines, educationalintervertions designedo teac playersconcussiorsymptomsaswell

asinjury managemenhand return to play guidelinesare currertly under dewelopmert.

In addition, researbers are collecting data regarding the types of medanismsasso-
ciated with concussionsso that players, coates and parerts can be made aware of
high risk situations.

In our e orts to reducethe risk of concussionthis project hastwo steps. One step
is to obtain estimatesof the concussionrate at the minor hockey level. The second
step is to designa method of obtaining these estimatesthat can be usedin future
seasonsThesestepswill enableusto determineif e orts to inform the community on
the e ects of concussionare accompaniedwith a reduction of the rate of concussion
over time.

1.1 Study Objectiv es

In orderto gaina preciseestimateof the concussiorrate, alargesampleof gameseeds
to be obsened due to the relative rarity of concussions.To hire peopleto obsene all

gamesand report concussionsvould be extremely costly in terms of both moneyand

time. Another option is to exploit a resourcealready in attendanceat most games.
This resourceis hockey parerts. Parerts of players, asa whole, are a very supportive

group of people. They watch the majority of their children's games(usually because
playersneedto be drivento arenas)and are already very active in leaguepolitics and

team fund raising. Their dedicationto the sport is demonstratedby making suretheir

children are presen at 5:00am practicesand traveling great distancesto ensurethat

players can make out of town gamesthat are sdheduled shortly after the work day

ends. Parerts of players know ead of their respective teams sdhedulesand sowould

be able to report on gameswhosetimes have changeddue to resdheduling. They

also have the ability to follow-up suspected concussionssince they are in constart

contact with both players, parerts and coades. If we incorporate parert volunteers
from teamsto report on concussionglirectly to the researbers,information could be

obtained with minimal cost. Providing this method is e ective, it should reducethe

cost of thesetypesof studiesgreatly.
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Four main concernsarise over the useof parerts dueto the fact that thesepeople
are comrmunity volunteers. First, are parerns willing to participate. It may be that a
parert attending his or her child's hockey gamesimply wants to watch the gameor
sccialize with other parerts and not be laden with tasks sud as data collection. At
leastonevolunteer from ead team needsto participate sud that enoughdata canbe
collected so concussionrate estimatescan be made with respect to sub-populations
within minor hockey. If the e ect on concussionrates due to certain factors is to
be examined, the teamsthat participate needto encompassall possiblefactor level
combinations. Second,is the data of high quality? Even if they agreeto participate,
will they do an adequatejob sud that we can be con dent reporting estimatesbad
to both the hockey comnunity or the academiccomnunity? The third concernis that
previousliterature hasindicated that concussionsire under-reported (Goodmanet al.,
2001). This may be becausecomnunity volunteers are unable to detect concussions
all of the time. Therefore,in this thesis, the focusis on "head-incidents of concern’
which encompassll inciderts that could result in potertial concussionsincidents of
concernshould compensatefor any concussionghat were not reported due to slight
symptomsaswell asprovide further information with regardsto medanismsof injury.
Howeer, by expandingto potential asopposedto actual concussionsthe subjectivity
of a responseis increasedin that an incidernt of concernto onepersonmay not be an
incident of concernto another. Lastly, we would like to repeat this study in future
seasonsconsequetly the data structure needsto be sud that analysisbecomesa
simple cookbook approad that can be done almost instantaneously

As a result, the objectivesof this project are fourfold.

1. To gain an estimate of the rate of "head-incidetts of concern'in minor hockey:.

2. To assesshe ability of volunteersto report "head-incidets of concern'so that
unbiasedand reliable estimatescan be formed.

3. To be able to determine whether incidert rates are a ected by factors sut as
agedivision, skill level and assaiation size.

4. To designthe study sud that it can be implemenied as e cien tly as possible
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annually and that data analysisis a minor stepin the process.

1.2 Project Outline

Chapter 2 of this project discussesn detail the data collection methods, how team
eligibility for participation in this study was determined, and the bestway to recruit
participants from the eligible teams. It also descrites the use of a "gold standard'
which wasusedto determinewhether or not volunteerswerea reliable sourceof data.
Chapter 3 outlines the techniqguesusedfor data analysis. Modelswere t to the data
using GeneralEstimating Equationswhich are e ectiv e for longitudinal and correlated
data (Liang and Zeger, 1986). Estimates from competing models were averagedto
accourt for model-to-model variation using the Akaike Information Criterion (AIC)
adjusted for quasi-likelihood methods. The results are discussedn Chapter 4. Study
improvemens are recommendedin Chapter 5 sud that the current study can be
applied to other areasin BC. The recommendationsare aimed at expanding the
study while maintaining a relatively low cost.



Chapter 2

Study Design

2.1 Minor Hockey

The British Columbia Amateur Hockey Asscaciation (BCAHA) is the governing body

of minor hockey in the province. Everyone under the ageof 19 who plays organized
minor hockey in BC belongsto the BCAHA. This organizationis divided up into ten

regions (Figure 2.1). Ead region is further divided into various numbers of leagues
(For example, Figure 2.2 outlines the leaguesthat composethe region of the Paci c

Coast Amateur Hockey Asscciation (PCAHA)). Leaguesarein turn divided into as-
saiations, eat represeting a city or town. For example, the Port Moody Minor

Hockey Assciation is limited to residerts of the city of Port Moody, while Ridge
Meadowvs Minor Hockey Asscciation combinesthe municipalities of Maple Ridge and
Pitt Meadaws. The terminology usedby the BCAHA classi esitself, aswell asewery
sub-organization(e.g. PCAHA) as an Asscaiation. To avoid confusion,and for the
purposesof this paper, the term assaiation is usedto refer to organizationsat the
lowestlevel (i.e at the community level (e.g. Port Moody)). Ead Region, Leagueand
Assaiation hasan executive board with a presiden and various menberswho make
decisionsfor their respective organizations, keepingwith BCAHA guidelines. These
guidelinesset the sameplayer agedivisions and skill categoriesfor ead Asscaciation.

There are six divisions, ead encompassinga two-year age span. Players can begin
participating at the age of six and cortinue on until the year they turn eighteen.

5
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The divisions are labeled tyke (ages6-7), novice (ages8-9), atom (ages10-11), pee
wee(agesl2-13),bantam (agesl4-15), midget (agesl6-17)and juvenile (ages18-19).
From the atom division onwards, players can compete to make teams represeting
skill categoriesA, B or C within ead agedivision. "A' teams are comprisedof the
highest skilled players while the lowest skilled playersare on "C' teams.

, Feace River District MHA
|

Skeana Valley AHA |
N |

S

3 |
¥

¢ Fa
i

Ornineca M o, | |W. Kootenay MHA

| Okanagan Mainling AHA
Facific Coast aHa

5. VYancouver Island Mtilfﬁ. v

Figure 2.1: Minor hockey regionswithin the British Columbia Amateur Hockey As-
scciation.

The structure of the assa&iations in terms of ageand skill raisesnatural questions
regarding the rate of incidernts of concern. Questionssud as do older (more experi-
enced)players have a lower incidert rate than younger(lessexperienced)players? Or
will the increasedsizeand strength that comeswith increasedageleadto an inciden
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T
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Hallyburn Morth Vancouver
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L
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/ Fraser Valley
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Figure 2.2: Leaguescomprisingthe Paci c Coast Amateur Hockey Assciation.

rate higher than that obsened among smaller, younger players? In terms of skill,
is the rate higher for highly skilled players who move quicker and can body ched
harder? Or, doesthe high level of skill actually lower the incidernt rate dueto players
knowing how to properly receiwe a body chedk? While thesequestionsare di cult to
answver speci cally, overall trends can be examined.

2.2 Study Factors

There were four factors in the study design: agedivision, skill category assaiation
sizeand amourt of researber-wolunteer cortact.

Agedivision and skill categorywereincludedin orderto examinehow the structure
of minor hockey in BC in uences incidert rates. However, not all agedivisions were
examined. Of the six, only three players (peewee,bantam and midget) were obsened
becausewne expectedthem to have the highestincidernt risk. By agel18, many players
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drivethemselesto gamesmaking volunteer recruiting much too di cult. The younger
players were excludedto cortrol cost. Assciation size and amourt of researber-
volunteer cortact wereincluded asfactorsto examinethe characteristicsof volunteer
participation.

Assciation sizewas composedof two levels, small and large. A small assaiation
wasde ned ashaving lessthan 13teamsand a largeassaiation had 13 or moreteams.
Thesede nitions were arbitrary in nature, but allowed us to have equal numbers of
small and large assaiations (four per level). The motivation behind this factor was
that perhapsa smaller ass@iation acts as a more interactive commnunity and may
therefore, have a higher volunteer participation rate with more valid reports.

The factor of researber-wlunteer cortact wasdesignedo addressthe study's sec-
ond objective -to assesshe ability of volunteersto report incidents of concernsothat
unbiasedand reliable estimatescan be formed. There were two levels of researber-
volunteer contact: low and high. Thesetwo levels were attempts at determining the
minimum anourt of time and e ort neededby the researbers to ensurethat vol-
unteers collected valid data. The volunteersin the low cortact group (where eath
team was represeted by a volunteer) were in corntact with researbers only at the
beginning, middle and end of the seasonin order to addressquestionsor concerns.
The volunteers in the high contact group were corntacted by researbers every two
months to addressquestionsand concerns,aswell asto ensurethat things in general
were going well. The question that remainedwas: How do we determine if either
of these methods are e ective? High and low levels of researber-volunteer cortact
could both result in poor reporting. Therefore,a "gold standard' method of reporting
was implemerted for comparison. This "gold standard' consistedof peoplewho were
trained in gameobservingand were paid to go out into the commnunity and report on
gamesplayed by teamsinvolved in the study. Table 2.1 summarizesthe factors and
their levelsthat were examinedin this study.
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Factor Levels

Asscaiation Size Large, Small

Contact Gold Standard, High Contact, Low Contact
Age Division PeeWee,Bantam, Midget

Skill Level C,B A

Table 2.1: Factorsand factor levelsincluded in the study.

2.3 The "Gold Standard'

The “gold standard', also referred to as the trained obseners in this thesis, were
studerts from Simon Fraser University who were hired to obsene a sub-sampleof
gamesfrom teams participating in the study. Prior to observinga single game,they
weretrained, usingvideo clips of minor hockey gameso detectanincidernt of concern.
During eat obsened game,they recordedgameinformation (team name,gamedate,
etc.) aswell aswhetheror not anincident occurredusingthe “obserer gamesummary
form' (Figure 2.3). If noincidert wasobsened the gamewas suspectedto beincident
free. For gamesin which an incidernt was obsened, the obseners were instructed to
Il out the "Simon Fraser University Hockey Incident Recording Sheet' (Figure 2.4).
This sheetcortained detailed information regardingthe incident sud asthe time on
the clock, score,areaon the ice, player number, etc.

Ideally, the trained obseners were to obsene a simple random sample of games
from participating teamsin the study. This wasaccommalated asbestaspossible.In
stheduling trained obseners, their outside sdhedulesand the fact that they could not
always make it to assignedgameswas taken into account. Taking a simple random
samplesometimesrequired obseners to watch one gamein one city and then travel
to another city and watch another game. Sometimes,this method of sampling even
required one obsener to be in two placesat once. Of course,this was not possible
due to physical and temporal constrairts. To solwe this problem, "arenanights' were
createdin which the obsenerswere randomly assignedto a speci ¢ arenafor a given
night and would watch all the gamesof teams participating in the study. Reports
were led only for those teamsthat were involved in the study, resulting in seeral
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gamesin which only one team was obsened. One reasonfor allowing the trained
obseners to only report inciderts for participating teams was for the purpose of
assessingolunteers. If 'gold standard' reports weremadeon teamswith novolunteers,
there would be no way to compareinciderts reported by thesetwo reporting methods
within these games. If an obsener was unable to make the assignedarena night,
he/she was randomly re-assignedo another arenanight that he could attend.

The factors age division, skill category and ass&iation size make up 18 (3x3x2)
factor level combinations. A factorial designwould require eat conmbination to be
obsened at leastonceby the trained obseners. Initially , it wasplannedto implemert
atime elemen sud that trendsin incident rate could be examinedacrossregular sea-
songames,play-o racesand play-os. Therefore,it was desiredto have eadh factor
level combination obsened onceat ead of thesetime points, which would require at
leastthree obsenations in ead of the 18 treatment combinations. Howewer, sdhedul-
ing complications, sud as postponed gamesmade observingead combination once
per time frame di cult enoughthat it was not possible. This resultedin insu cien t
data to obsene any trends in time. What was learnedfrom this attempt to include
time is that the only way to know with certainty when a team's next gamewill be is
to be a part of that team aseither a coad, player or parert. In fact, keepingabreast
of the sdheduling changeswas sodi cult, that, asthe end of the seasomapproadted,
we had yet to obsene somelevel conmbinations. This created a dependencyin the
assignmenh of gamesas level conbinations that neededto be sampledwere sampled
non-randomly.

2.4 Selecting Teams for Study Participation

Due to the size of BC, the logistics of this proof-of-conceptstudy required that a
region closeto Simon Fraser University be be chosenfrom which to solicit volunteer
participation. Consequetly, only teams from the PCAHA wereto be involved. As
canbe seenin Figure 2.2, this regionencompassedv e leaguesn a heavily populated
area. Two leagueswere selectedwith the aim that ewery team within leagueswould
participate. This would result in a cluster samplewherethe clusterswerethe leagues.
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By assumingthat leagueswithin this region do not dier in their overall inciden
rate, cluster sampling would not a ect any inferenceswe wishedto make regarding
the regionasa whole. In terms of monetary and time cost, the sizeof this study was
large enoughwithin this regionthat any attempt to expandto other regionswould
have near impossible. The sta required to run this study within a single region
consistedof three full time sta and trained obseners who were paid $25 per game.
To run this study in in another region would require three more full time sta and
se\eral more trained obseners.

The two leaguesselectedto be clusterswerethe Lions Gate Leagueand the Fraser
Valley North League,cortaining a total of ten assaiations. Ead leaguecorntained
v e assaiations and all were asked to participate in the study. One assaiation
chosenot to participate, resulting in nine volunteer assaiations. Four assaiations
were classi ed as large and v e assaiations were classi ed as small. To balance
the study design,two small assaiations (Whistler and Squamish)were combined to
form a single,small assaiation sothat the nal designhad four large and four small
assaiations.

Originally, it was assumedthere was a possibility for interaction betweenvolun-
teerswithin anassaiation. To prevert this intereactionfrom a ecting reporting rates,
it was decidedthat eat assaiation, as a whole, be assignedone level of researber-
volunteer cortact (high or low). By including four large and four small ass@iations,
we could randomly assigntwo assaiations from ead group to a level of researber-
volunteer cortact. This designbalancingwould prevert complicationsthat may arise
in the analysishad individual teamsbeenrandomly assignedo a level of cortact.

A total of 150teamswereeligible to participate in this study. Of these,90 teams
volunteered to report inciderts of concern. The processof recruiting teamsto par-
ticipate is a task that | do not wish assignedto my worst eneny simply becausethe
processof cortacting a represetative from ead team was so dicult. It is truly
amazinghow many busy peopleare involved in minor hockey.

In orderto maintain a good standing relationship with all levelsof the BCAHA, it
wasnecessaryo start at the top of the BCAHA political hierarchy and obtain contact
information (phone number, e-mail and address)for ead level belon. This political
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hierarchy beginswith the presiden of the BCAHA and branchesout through lower
executivesendingin the individual team coahesand managers(Figure 2.5).

When cortacting ead level of the hierardwy, the study coordinator (Mr. lan
Williamson) would introduce himself and proceedto explain the objectives of the
study. He would requestsupport for the project in terms of permissionto contact the
next level of the hierarchy and would state that their cortact information had been
distributed with the support of the superior headin the asseiation. He would also
include that volunteer participation had beenapproved at all levels. The researbers
felt that this processalthough time consuming,resultedin a higher participation rate
than if teamshad simply beencortacted without o cial approval from the assaiation.
This processavasrepeateduntil cortact information for the coading sta of eat team
was obtained.

In communicating with coatesor team managers,a brief “salespitch’ was given
alongwith a description of the type and amourt of work that would be required from
avolunteer. They hadthe opportunity to commit to the study or declineparticipation
on behalf of the team. If willing, the coad would then designatea team volunteer
and relay the contact information to Mr. Williamson who would then personally
deliver a recording padkageto the recruited volunteer. This recording padkage was
self-cotained and informed the user how to record inciderts of concernand how to
submit the information to the researbersin the Sport-ConcussionReseartb Group
(SCRG) stationed out of the Motor Behaviour Laboratory. All volunteersweregivena
concussiorrecordingform (Figure 2.6). Theseforms were usedto record information
about the volunteer (name, address,phone number, etc.), generalinformation about
the game (team, division, game date, etc.) and about the incident (cause,result,
location on ice, etc.). The information was submitted via fax, e-mail, or mail and
was required only for gamesin which an incident occurred and was submitted at the
corvenienceof the volunteer. Once a form was submitted, a menber of the SCRG
would cortact the volunteer and the submitted information was veri ed along with
other information, sud aswho diagnosedthe concussion.

The fact that only 60% of the teams cortacted committed to the study indicates
a possibility of self-selectionbias. This would occur if the participants had a higher
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motivation to be in the study and if a sampleof these motivated peoplewould pro-
duceresults that diered from the results obtained from a more generalsample. In
this study, it is possiblethat the coadhesor managerswho werewilling to participate
did so becausethey had more interest in concussions.People who are more aware
or concernedabout concussiongmay be more likely to report. This may result in a
di erence in reported incident rate than if all 150teamshad participated. Although
the coadiesor managershad the nal say asto whethertheir team would participate
or not, they were not the onessubmitting reports to the SCRG. They were asked
to recruit a parert volunteer to record and submit information. Therefore, the as-
sumption could be made that the 60 teams not participating would not report any
di erently than the participating 90.

2.5 Data Collection

The number of incidents occuring in a game was recorded by volunteers for eadh
team-game.A team-gameis de ned asa gameplayed by a singleteam. One hockey
gameconsistsof two team-games.Each volunteer was therefore, only responsible for
their own team. Likewise,trained obseners were only required to report on teams
participating in the study.

Initially , the study wasdesignedusing a two-phasesamplingplan (seeLohr (1998)
pg. 383)to gain a more preciseestimateof the concussiorrate. The rst phasesample
would consistof all gamesplayed by conseting teams. All of thesegameswereto be
monitored by parert volunteers. From this sampleof games,trained obsenerswould
attend a sub-sample(phasell) of games. The incident rate as computed from the
phasel samplewould then be adjusted using the incidert rates as reported by the
volunteers and trained obseners from the phasell sample. In the phasel sample,
f(vf.)l is the estimated incidert total reported by the volunteers. From this sample,a
sub-sampleof gamesis taken in which trained obseners attend and report inciderts.

From this phasell samplef@ is the incidert total reported by the trained obseners

obs
and ff,zo)l is the incidert total reported by the volunteers. The estimate of the total

number of inciderts is found as
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(962

p= lvoltobs
fa

From this estimatedtotal, the incident rate canbe calculatedby dividing by the total

number of team-gamesbsened. This proposedmethod of estimation is the rationale

for the trained obseners attending a simple random sampleof games.

With consem from only 60%o0f the eligible teams,se\eral factor level conbinations
wereunableto be measuredTable?2.2). The trained obsenerswereinitially sheduled
to visit all the obsened factor combinations, but becauseof gamechangesand other
uncortrollable forces,only 80 of the 90 conseting teamswere obsened by the trained
obseners. Betweenl and 5 gamesof eat team were visited by trained obseners

(Table 2.3)

Assaiation Size Contact Division Skill Level

Large High Bantam B
Large High Midget B
Small High PeeWee B
Small High Bantam B
Small Low PeeWee B

Table 2.2: Missing factor level combinations due to lack of volunteer participation.

Number of Games Number of Total Team Games

for a Particular Team Teams Monitored
1 37 37

2 27 54

3 12 36

4 2 8

5 2 10

Total 80 145

Table 2.3: Frequenciesof nhumber of obsenations on a given team by the trained
obseners.
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It wasour aim that in sendingout the trained obsenersto obtain a "gold standard'
estimate of the concussionrate, the majority of their reported incidents would have
coincidedwith the reports led by the volunteers, who were assumedto be at those
samegames. This would have provided us with some senseof the performance of
the volunteerswith respect to reporting inciderts. This, in fact, did not happen. Of
the 8 inciderts reported by the trained obseners, not one was also reported by the
volunteers. Of the 31inciderts reported by the volunteers,noneof thesewerecaptured
in the sub-samplecollectedby the trained obseners. The incidernt reports led by the
volunteers highlighted the fact that the number of trained obseners available were
more limited than articipated and in fact may not have beenthe appropriate "gold
standard' for comparison.
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Cbserver Game Summary Form
Ohserver Information

HMarne Phone | Email

Crarne
Diate: Dy Monith: Year:

Home Teatn: Visiting Teatn:

League Information

Dipasion of Flay (Flease check one ) Category of Flay (Flease cleck one)
I hiidget | Bamtatn [ Pee Wee Fash FCALTA BB

e FC

City/ Hotae Rink:

Was there an incide nt of concem during thas game?
™ Yea " Ho
Fecording Sheet.

If ws please complete the remainder of this form and the IDncident

Inc ident Descrip tion

Please baeflynote the aspects of the incident that were suggestie of a concussion,
* What corpeled you to file an Incident Fecording Sheet? *

Things to cotsider inc lude, bt ave notexclastes to:
Loss of conscioustess, Flayer did rot wamediately resume zare play, Player attended to on ace /
bench; Player woozy/ shaken up, Plaser did not retamn to game, Unfvorable change m game
play

Eemarks

Figure 2.3: Summaryform submitted by trained obseners after eat game.
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Date:
Game #:
Home Team:

Visiting Team:

SFU HOCKEY INCIDENT
RECORDING SHEET

Jersey

Jersey

H v

'

1. Accidental Collis'n 6. Run into Goal
League: INCIDENT # Type [=>|2. Body Check 7. Hit from Behind
Type of Game: 3. Cross Check 8. Open Ice hit
4. Hit to Head 9. Other
Played At: 5. Fight
Recorder: l
Final Score: PLAYERS INVOLVED
g ey
JERSEY # INITIATOR?: N JERSEY # INITIATOR?: Y N
AT RISK?: N AT RISK?: 3 N
Team: \" Team: H \"
Ctrl of puck?: Y N Loose Ctrl of puck?: Y N Loose
e y b
Position: F D G \/ Position: F D G
TIME ON = SCORE = PERIOD
b HoV 1 23 Of
H v

RESULT =

PENALTY CALLED ON PLAY?

. e e

Hit Head on Boards / Glass / Goalpost / Ice
Head Hit by Stick / Puck

Head Hit by Elbow / Glove / Fist / Body
Whiplash

¥ N

!

DID EITHER PLAYER LEAVE
ICE
DUE TO INCIDENT ?

Y JERSEY # N
Assisted / Unassisted

v

Jersey # Time Type
2/4/5/10/Match
Jersey # Time Type

2/4/5/10/Match

SAFETY PERSON/COACH/ Kfy
TRAINER GO ONTO ICE? BC
Y N \? .
¥

INJURED PLAYER OUTCOME

—

LOSS OF CONSCIOUSNESS? WOOZY/SHAKEN UP? DID PLAYER RETURN TO GAME? OTHER INJURY

Y N Unknown Y N Unknown Y N Unknown

Y N Unknown ¥ N Unknown Y N Unknown
Other Relevant Information:

PLAYER WEARING EQUIPMENT WORN SIZE DIFFERENCE IN COMMENTS :
MOUTHGUARD? PROPERLY? PLAYERS?

 § N Unknown Y. N Unknown Y N Unknown Please see other
Y N Unknown Y: N Unknown ' H/V Bigger side of sheet

Figure 2.4: Incident information

recordedby trained obseners.

17



CHAPTER 2. STUDY DESIGN 18

[ BCAHA President

{ REQIEIHEH Director

[ PCAHA Presidents

[F'EEWEE Managers ] [ Bantam MEIFIEIQEFS [ MWidget Managers ]

[F"EEWEE TeamsJ L Bantam Teams J [ Midget Teams J

|
]
]
]

Figure 2.5: Minor hockey political hierarchy. Each level in the hierarchy had to be
contacted prior to contacting the subsequen level.
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Figure 2.6: Information sheetsubmitted by the volunteerswhenan incidert of con-
cernwas obsened.



Chapter 3

The Mo del

3.1 Overview of Analysis

The data was analyzedby applying generalizedestimating equations (GEE's) to a
candidate set of log-linear modelsand then, to accourt for model-to-model variation,
averagingthe model estimatesusing the Akaike Information Criterion (AIC). At rst
glanceit may appear that thesetwo methods conict since GEE's are not basedon
maximum likelihood techniques but are more closelyrelated to the quasi-likelihood
approad (Wedderburn, 1974, McCullagh,1983)in which a distribution neednot be
specied. On the other hand, model averaging using AIC is basedon maximum
likelihood estimation, which requiresa speci ed distribution. Howewer, an adjustmert
to the AIC value can be madeusingthe estimated scaleparameterto keepthesetwo
techniquesfrom conicting. This adjustmert allows for model averagingto be used
in conjunction with GEE's.

As is commonwith court data, it is assumedthat the number of inciderts in a
gamefollows a Poisson-lile distribution with rate parameter and a possiblescale
parameter to describe any over-dispersion. Obsenations were taken on individual
team-games.Each gamewasassumedo consistof two independen team games.This
assumptionwas necessarygueto gameswvhereonly oneof the teamswasa participant
in the study. Also, becauseeadt participating team had their own volunteer data
recorder, incidents sustained by one team were assumedto have no e ect on the

20
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reports led by the volunteersfrom the opposingteam since,to facilitate reporting,
eat team was required only to report on their own players. Howeer, there were a
number of team gamesin which reports were led by both a volunteer obsener and a
trained obsener. Having two reports for the samegamesuggestedhat there should
be a dependencebetweenthem.

Consideringead team gameasa cluster with a maximum of two obsenations, the
joint distribution of obsenations within a cluster is unknown. Therefore,a potertial
analysisfor this data is onein which a distribution neednot be speci ed. The GEE's
proposedby Liang and Zeger(1986) allow for distributional assumptionsto be made
on the marginal data (reports by individuals) but only weak assumptionsregarding
the mean-ariancerelationship of the joint distribution (reports from the sameteam
game). Applying this method to a log-linearmodel will produceestimatesfor the rate
of concussions/team-gaméor ead factor level combination.

3.2 General Estimating Equations

Let the obsenations of the number of inciderts on ateam gamebe noted by the vector

the Poissonassumptionallows, the marginal distribution can be adjusted using the
scaleparameter (Agresti, 2002). The marginal distribution for eahy it is

f(yie) = explfye &« a( i)+ blyi)g ] 3.1)

Let ¢y = h( ) and 4 = X; whereh() is termed the link function sud that
it “links' the parameter of the distribution to se\eral predictor variables by way of
a vector of parameters . It is straight forward to shav that using this exponertial
family form, the expectation and varianceof y; are
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E(Ye) = al ) and  V(Yy)=a%X y)=:

When estimating the parameters , using maximum likelihood estimation, it is
commonto set the derivative of the natural logarithm of the joint distribution with
respectto eah | to O for some '}, thereby maximizing ; with respect to the data
at hand. Note that setting this derivative equalto 0 may only nd alocal maximum
or even a minimum and therefore, one needsto ensurethat | is indeeda maximum.
Howe\er, in the caseof the exponertial family, '} is the guararteed maximum. Using
the chain rule, the maximum likelihood estimating equationsfor ead ; are:

@) _ @) @i On _
@; @y Q@ @; '

In matrix notation, consideringthe ertire vector of parameters ,the estimating

equationscan be expressedas

X
U()= X{ iS=0 (3.2)

i=1
where ; = diag(@y;=@y) and S, = Y, aY ;). If A; is de ned as the diagonal
matrix diag(a®® i)), the solution to theseequations” hasbeenshavn to be consister

estimatorsof by Liang and Zeger(1986) with asymptotic variance

V= X' AL X XiiCov(Y) X X' AL X
i=1 i=1 i=1
This variance,termed the “sandwih estimator' correctsfor model mispeci cation by
sandwiding the varianceof calculatedfrom the data betweentwo estimatesof the
information matrix, calculated under certain model assumptions(Hardin and Hilbe,
2003).

Howeer, obsenations made on the samesubject or cluster are generally corre-
lated with ead other. Treating correlated obsenations asindependen decreaseshe
e ciency of the resulting estimates(Liang and Zeger,1986). Liang and Zeger(1986)
alsoproposedthat, using GEE's, one canincorporate the correlation structure of the
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data into the estimating equations3.2. To accomplishthis, let V; = A™°R( )A 7=
whereR( ) is a correlation matrix fully speci ed by the vector of parameters . Note
that if R( ) isthe true correlation structure then V; = Cow(Y;). The parameters can
then be estimated after the method of momerns estimatesof and are substituted
into R( ) and respectively. This resultsin the estimating equations

X
U()= DIV !s=0 (3.3)
i=1

whereD; = A; ;X; Therefore,

Ui)y= U ;M 5;7%) =0

The solution to these equations " have also beenshown to be consistett (Liang
and Zeger,1986)with asymptotic variance

! ! !
X o X

v= DIV 'D DIV, *Cou(Y)V; 'D; DIV, *D;
i=1 i=1 i=1

1

This “sandwit estimator' is modi ed sud that it incorporates a speci ed working

correlation structure that the data is assumedto follow. The middle term usesthe

empirical correlation to adjust the estimate for a mis-speci ed working correlation.

This estimatedvarianceis consistem for estimatesof (Liang and Zeger,1986). Fur-

thermore, simulation studiesby Liang and Zeger(1986) demonstratedthat, although

comparablefor low correlateddata, asthe correlation betweenobsenations increases
( increasedrom 0.3to 0.7), the GEE estimateswerealways moree cien t relative to

the independenceestimating equationsif the correct correlation structure was spec-
ied. Eciency of the GEE estimatesincreasesf the working correlation structure

is closeto the true correlation structure. It was also demonstratedthat the relative

e ciency of the GEE estimator alsoincreasesf the number of obsenations for eah

cluster varies.
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For independen obsenations, " is estimated using the Gauss-Newtoniterativ e
algorithm. The samealgorithm is usedfor depender obsenations exceptthat the
algorithm incorporatesestimatesof and . The algorithm is asfollows

!
Am = Am 1 DiT(Am 1)\7: 1(Am l)DiT(Am 1)

x
DiT(ml)Vi 1(m1)Si(m1)

i=1

1

where () = Vi( ;~( ;"())) (i.e. afunction of after and have been
estimated). Note that these results are generalized,not only for any menber of
the exponertial family but for any distribution in which a mean-\ariancerelation is
speci ed.

There are se\eral options available for estimating the correlation between lon-
gitudinal obsenations. The exdiangeablecorrelation structure speci es a constan
correlation for all pairs of obsenations. The autoregressie structure speci es the
correlation as a decreasingfunction of the time interval between any two obsena-
tions. An unstructured correlation speci es a di erent correlation parameter j for
all possiblei; j pairs of obsenations. Many other structures exist and may be prefer-
able depending on the structure of the data. For collecteddata in which there is a
maximum of two obsenations per cluster, all structureswill provide the sameresults.

3.3 Akaike Information Criterion (AIC)

Model selectionmethods are commonly basedon hypothesistests usinga ratio of like-
lihood functions. The hypothesistests generallyconsistof comparingtwo models;one
with fewer parametersthan the other. The likelihood ratio statistic is asymptotically
distributed asa 2 random variable with degreesof freedomequalto the di erence
in number of parametersbetweenthe two models (Agresti, 2002). Hypothesistesting
is dependert on the subjective Type | error level imposedon ead test. Problems
arisewhen many tests are performedasthis actsto in ate the experimerntwise Type
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| error. Further problemswith this method are due to the 2 approximation of the
likelihood ratio. If modelsare not nested,they may have equalnumber of parameters
sud that their dierence is zero (a 2 random variable can not have 0 degreesof
freedom). Thus, the test statistic's distribution is unknown and moredi cult to nd.

Akaike (1978) introduceda method of model selection,the AIC, which makesuse
of the Kullback-Leibler information. This processallows for non-nestedmodelsto be
comparedand doesnot in ate Type | error resulting in the ability to examinemany
di erent modelsat once. The K-L information is a measureof the distance between
two functions. For our purposes,the functions are labeled f (x), the true function,
and g(x), an estimate of f (x). The K-L information is given by

Z

. _ F(x)
H(Fe0ig00) = FO0log( o) d (3.4)

The function that is closestto the true function f (x) will minimize the K-L informa-
tion. In terms of model selection,let both f (x) and g(x) be probability distributions.
As an estimated distribution, g(x) is known to rely on a set of parametersgiven by
o- The true distribution, f (x), is unknown prewverting the calculation of the exact
K-L information. Howeer, by rewriting 3.4 as
Z Z
L(f (x);9( 0jx)) = [log(f (x)If (x) dx log(g( ojx))f (x) dx

Then,

L(F (x);9( ox)) = Es[logf (X)) Es [log(a( 0jx))] (3.5)

we can seethat the rst term in 3.5is a constart and in order to minimize 3.5 we
must maximize the secondterm. The true value of the probability function g( ojx)
will minimize the K-L information for all 2 . In practice, the true value of a
distribution function is never known and thereforemust be estimated. The maximum
likelihood estimate " canbe usedto estimateg( ojx). By using " to minimize the K-L
information we are minimizing its expected value instead of its true value. Akaike
(1973) shawed that an unbiasedestimate of the secondterm in 3.5is log(g(jx)) K
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whereK is the number of parametersestimated in g("jx). For historical purposes,
this estimate was multiplied by -2 sothat

AIC = 2logg(jx)) + 2K

Therefore, AIC allows for potertial modelsto be selectedbasedon maximum likeli-
hood methods by choosingthe model with the minimum AIC value. It alsoincorpo-
rates the principle of parsimory in that the likelihoods are penalizedfor having too
many parameters,thereby limiting their nal number.

Using the AIC for model selectionrequiresmaximum likelihood techniquesand,
therefore, certain model assumptionsmust be made regarding the distribution of
the data. Generalizedestimating equationsdo not require that any distribution be
speci ed; only a meanand variancerelationship needbe assumed.To addressthe use
of AIC with respect to generalizedestimating equationsand other quasi-likelihood
techniques, Burnham and Anderson (1998) suggestedthe use of an adjusted AIC
which incorporatesthe estimatedscaleparameter . Varianceestimatesin this project
aremultiplied by for over-dispersionadjustmert. The adjustedAIC in this situation
is termed QAIC (for quasi-likelihood) and the QAIC value to be used for model
selectionis

2log(g(ix)) + 2K

where K is the number of estimated parametersplus one for the scale parameter.
Burnham and Anderson (1998) also suggestthat when comparing candidate models,
they all be tted with the samescaleparameterthat was estimated for the global
or fullest model. This will ensurethat all variance estimatesare adjusted equally
and will reducemodel to model variation. Both AIC and QAIC act to penalizegood
modelsthat are over-parameterizedin order to restrict the number of thesetypes of
modelsin the competing set.

There may be caseswhen seweral modelsresult in similar AIC values. Sincethe
K-L information canonly be estimatedup to the value of an unknown constar, only
relative AIC valuesbetween competing models can be examined. Given two models
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0:(x) and gx(x), we want to selectthe model sudh that | (f (x); 91(x)) < I (f (X); g2(x)).
But how closeis g;(x) to f (x)? Both of thesemodelscould be poor estimatesof f (x),
or both could be good estimators of f (x). Using the notion of QAIC di erences
(QAIC), onecan order the set of candidate modelsrelative to ead other and ex-
amine how well the models perform relative to ead other and relative to the best
model in the candidate set. Models with large valuesof QAIC are consideredto
have little empirical support. Howewer, if there are several QAIC valuesthat are
closeto O (where O implies the best candidate model in the set), how does one de-
cide which model is the best? This leadsto the notion of model averagingin which
estimatesfrom se\eral valid candidate models are averagedto accour for sample-to-
samplemodel variation. For example,given a sampley, g;(y) might be better (lower
QAIC) than gy(y). Howewer, in another independert samplefrom the samepopu-
lation, g,(x) might be a better t than g;(x). Usingthe notion of QAIC for a given
candidate model, one can compute the Akaike weight for that model as a measureof
the evidencethat the model is the best model for the given data. Akaike weights are
calculated using the equation

1
w = P :)(p( 2 )

where ; is the di erence betweenthe QAIC for model i and the minimum QAIC

(3.6)

value in the set of models. The numerator in 3.6 is proportional to the ratio of the
adjusted likelihoods for model i and the model with the lowest QAIC value:

exp( 3 1) = exp( SIOAIC QAICn))
= exp( %[ZLog(Li) 2K (2Log(Lmin) 2Kmin)])
= exp( l2L0g(Li) 2L00(Lmn) (2K + 2K pn))

I exp( %[ZLog(Li) 2L0g(L min )])
(3.7)

Thesevaluesare than normalized sud that all weights in the current set of models
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sumsto 1. It is clearthat as ; increasesw; decreaseproviding lessevidencethat
model i is best. If modelsare dropped or addedto the set of candidate models, both
% and w’ needto be recalculated.

Burnham and Anderson (1998) discussthat in order to account for variation in
estimatesamongcompeting models, one should form an averageof estimatesover the
setof all R candidate models. The proposedmethod for averagingparametersmakes
useof the i"" model's Akaike weight and whether or not the j " parameteris in that
model by incorporating an indicator function I, 4,(y that equalslif ; isin model
i and O otherwise. Then

N _ >@ N
= Wil g
i=1

is an averageof the J-Os adjusted by the total weighs of all modelsthat incorporate
variable x;. The variance of theseaveragedparametersand resulting tted response
valuesis given by:

x 9 - ~ 2
var(") = wi var(tig)+ (5 )
i=1
This variance incorporates the standard errors of the estimatesconditional on the
model and averagesthe R standard errors accordingto their assaiated weigtts.

3.4 Mo del Fitting

Data analysiswas performedusing the SAS GENMOD procedure(SAS/STAT soft-
ware,\Version8, Copyright ¢ 1999,SAS Institute INC). This procedureallows for the
GEE analysisproposedby Liang and Zeger(1986). Standard errors were calculated
using the empirical valueswhich do not rely on distributional assumptions.The can-
didate model set consistedof 16 models, and a weighted averageof their parameters
was computed basedon their assaiated Akaike weighs.
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Results

4.1 Summary Statistics

By the end of the 2002-2003hockey season,almost 40 "head-incidets of concern'
were reported from over 1900team-gameobsenations. Trained obseners attended
143 team-gameshigh contact volunteers obsened 865 team-gamesand low cortact
volunteers obsened 908team-gamedor a total of 1773independen team-gamesand
1916 obsenations. There were 39 total reports betweenthe three levels of contact.
Trained obseners reported 8 inciderts of concernin cortrast with the high contact
volunteers who reported 22 incidents and low cortact volunteers who reported 9 in-
ciderts. In terms of agedivision, the majority of inciderts were reported in the pee
weedivision (17) with 9 and 13 reported in bantam and midget divisionsrespectively.
The lowest skill level, C, had the highest number of inciderts (28) which was almost
5 times higher than the highestskill level (6) and the B level teams(5). When asso-
ciation sizewas examined,the number of incidernts reported by large ass@iations was
almost three times higher then in small assaiations (29 amd 10, respectively)
Empirical rates indicate that trained obseners reported the highestincidert rate
for almost all of the main e ects (Table 4.1). The one exception noted was the rate
for large assaiations. Here, the trained obsenersreported 0.05inciderts/team-game
whereasthe high cortact volunteersreported 0.062incidens/team-game.
Volunteersreports provedto be morede nitiv ein concussiorcon rmation asTable

29
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4.2 highlights that 52% of incidents were diagnosedby a physician. Seen inciderts
reported by high cortact volunteersand nine reported by low cortact volunteerswere
physician con rmed concussions.Trained obseners had no follow-up ability.

4.2 Mo del and Mo del Estimates

The over-dispersion parameter for the global model was estimated to be 1.21 indi-
cating that the global model was an adequate t to the data. Four models from the
candidateset have a QAIC value lessthan three (Table 4.3) suggestingsubstartial
empirical support for these models (Burnham and Anderson, 1998). Eight models
have a QAIC greaterthan 10 suggestingthat there is almost no empirical support
for thesemodels. Table 4.4lists the averagedparameterestimatesfor all modelsin the
candidate set, their Akaike weight, assaiated Z-scoresand p-values. Each parameter
estimate represets the natural logarithm of the ratio of the rates betweentwo levels
of a factor whenall other factor levels are held the same. For example,the parameter
estimate of 1.72for the comparisonof trained obsenersto low cortact volunteersin-
dicatesthat, on average,trained obsenersreport 72 = 558 moreinciderts than the
low cortact volunteers. In terms of level of researber-volunteer cortact, both trained
obsenersand high cortact level volunteershad reporting ratesthat weresigni cantly
di erent than the low cortact level volunteers(p = 0:0005and p = 0:02 respectively).

Tables4.5to 4.7 list the tted incidert rates for ead factor level combination
that data was collectedon. Figure 4.1 displays theserates graphically along with a
common95% con dence interval. The points to the far right of the graph represen
the "gold standard' estimatesand the points to the far left represen the low contact
level volunteer estimates.

In determining which cortact method wasthe most optimal relative to the trained
obseners, a post-hac comparisonof the trained obsenerswith the high cortact level
suggestedhat they were signi cantly di erent in their reporting rates (p=0.03). On
average,the trained obsenersreported a rate 2.2 times that of the high cortact level
volunteers.



CHAPTER 4. RESULTS

Main Level Games Incidents Empirical Estimate
E ect Obsened of Concern Incidents/T eam-Game
Low Contact Level

PeeWee 257 2 0.008
Division Bantam 361 0 0.000
Midget 290 7 0.024
C 594 1 0.002
Level B 163 3 0.018
A 151 5 0.033
Size Small 357 2 0.006
Large 551 7 0.013
High Contact Level
PeeWee 414 13 0.031
Division Bantam 260 4 0.015
Midget 191 5 0.026
C 673 22 0.033
Level B 63 0 0.000
A 129 0 0.000
Size Small 589 5 0.008
Large 276 17 0.062
Trained Obseners
PeeWee 60 2 0.033
Division Bantam 51 5 0.098
Midget 32 1 0.031
C 106 5 0.047
Level B 16 2 0.125
A 21 1 0.048
Size Small 43 3 0.070
Large 100 5 0.050

31

Table 4.1: Number of gamesobsened and empirical incident rates for ead level of

researber-wlunteer cortact for ead main e ect.
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DiagnosedBy Number Percen Total

Doctor 16 52.0
Coadth 6 19.0
Safely Person 2 6.5
Other 2 6.5
Unspeci ed 5 16.0
Total 31 100.0

Table 4.2: Breakdown of inciderts of concernreported and to what level they were
examined



Factors In the Model

Model Size Researber-Volunteer Age-Division Skill Level Number QAIC  Akaike

Contact of Parameters Weights

1 X 4 0.00 0.309
2 X X 5 0.68 0.234
3 X X 6 1.14 0.201
4 x X X 7 2.25 0.120
5 X X 6 3.78 0.047
6 X X X 7 4.46 0.036
7 X X X 8 4.92 0.031
8 X X X X 9 6.04 0.018
9 Intercept Only 2 10.31 0.001
10 X 3 10.33 0.001
11 X 4 11.23 0.000
12 X X 5 11.91 0.000
13 X 4 14.31 0.000
14 X X 5 14.33 0.000
15 X X 6 15.23 0.000
16 X X X 7 15.68 0.000

Table 4.3: Setof competing modelswith QAIC and Akaike weights
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Parameter Estimate Standard Error Z-value p-value
Large vs Small 0.14 0.16 0.91 0.18
Assciation

Trained Obseners 1.72 0.52 3.27 0.0005
vs Low Contact

Level

High Contact vs 0.93 0.46 2.01 0.02
Low Contact Level

Pee Weevs Midget -0.09 0.14 0.67 0.25
Bantam vs Midget -0.23 0.15 1.51 0.07
CvsA -0.01 0.07 0.13 0.45
BvsA 0.02 0.095 0.18 0.43

Table 4.4: Akaike model averaged estimates and standard errors. Note that the
intercept represets the baselineof small sized,low cortact level, midget

A teams.
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Figure 4.1: Graphical represetation of the estimated rates for ead factor level
combination
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Contact Estimated Incidents/
Size Level Division Team-Game 95%Cl
PeeWee 0.009 (0.004,0.021)
Low Bantam 0.008 (0.004,0.017)
Midget 0.010 (0.004,0.026)
PeeWee 0.023 (0.012,0.045)
Small High Bantam 0.020 (0.011,0.039)
Midget 0.026 (0.014,0.049)
PeeWee 0.051 (0.023,0.114)
Gold Standard Bantam 0.044 (0.019,0.111)
Midget 0.057 (0.026,0.131)
PeeWee 0.011 (0.004,0.024)
Low Bantam 0.009 (0.005,0.020)
Midget 0.012 (0.005,0.029)
PeeWee 0.027 (0.014,0.050)
Large High Bantam 0.023 (0.013,0.043)
Midget 0.030 (0.017,0.053)
PeeWee 0.059 (0.029,0.118)
Gold Standard Bantam 0.051 (0.024,0.113)
Midget 0.066 (0.032,0.135)

Table 4.5: Model-averagedconcussiornrates/team-gameand 95% con dence inter-
vals for skill level C
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Contact Estimated Incidents/
Size Level Division Team-Game 95%Cl
PeeWee 0.009 (0.004,0.022)
Low Bantam 0.008 (0.004,0.019)
Midget 0.011 (0.004,0.027)
PeeWee - (-,-)*
Small High Bantam - (-,-)*
Midget 0.027 (0.014,0.052)
PeeWee 0.053 (0.023,0.125)
Gold Standard Bantam 0.046 (0.018,0.122)
Midget 0.059 (0.025,0.144)
PeeWee 0.011 (0.004,0.027)
Low Bantam 0.010 (0.004,0.023)
Midget 0.012 (0.005,0.032)
PeeWee 0.027 (0.014,0.054)
Large High Bantam - (--)*
Midget - (-,-)*
PeeWee 0.061 (0.028,0.132)
Gold Standard Bantam 0.053 (0.023,0.128)
Midget 0.068 (0.031,0.150)

Table 4.6: Model-averagedconcussionrates/team-gameand 95% con dence inter-
vals for skill level B. *missing valuesindicate missingfactor conbinations
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Contact Estimated Incidents/
Size Level Division Team-Game 95%Cl
PeeWee 0.009 (0.004,0.020)
Low Bantam 0.008 (0.003,0.020)
Midget 0.010 (0.004,0.029)
PeeWee 0.023 (0.012,0.046)
Small High Bantam 0.020 (0.011,0.040)
Midget 0.026 (0.014,0.051)
PeeWee 0.052 (0.023,0.120)
Gold Standard Bantam 0.045 (0.018,0.115)
Midget 0.058 (0.025,0.140)
PeeWee - (-,-)*
Low Bantam 0.009 (0.004,0.025)
Midget 0.012 (0.004,0.035)
PeeWee 0.027 (0.014,0.054)
Large High Bantam 0.024 (0.013,0.046)
Midget 0.030 (0.016,0.059)
PeeWee 0.059 (0.028,0.130)
Gold Standard Bantam 0.052 (0.023,0.124)
Midget 0.066 (0.031,0.150)

Table 4.7: Model-averagedconcussionrates/team-gameand 95% con dence inter-
valsfor skill level A. *missing valuesindicate missingfactor combinations.



Chapter 5
Recommendations

In retrospect, this study had three major aws.

1. The term incident of concernwastoo subjective.
2. The "gold standard' was not a true “gold standard'.

3. The current study designdoes not allow for cost e ective expansionto other
regionsof BC.

5.1 Measuremen t Subjectivit y

‘Incidert of concern'is a very subjective term and, ewen if it is clearly de ned, has
the potertial for di erent peopleto provide di erent reports. One person'sidea of a
potertial concussiormay bedi erent from another'sresulting in two peopleperceiving
the sameewvent di erently. This canlead to high variability betweenobseners (both
trained and volunteer). It is desirableto have a responsevariable that is clear to all
obsenerssud that this variability is minimized.

It is recommendedhat future studiesfocusprimarily on concussionsPreviously,
reports were led if there was a concernregarding a potential concussionbut there
was no real evidenceto badk up those concernsother than the incidert itself. Al-
though reports received from peoplewho had actually taken players to a physician

39
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was bene cial, this may not happen as often as we would like. Therefore, if the vol-
unteer is provided with a symptom chedlist, they can make a more informed decision
in terms of ling areport or not. If anincidert occursand the a ected player exhibits
one or more of the listed symptoms, than the volunteer is askedto le a report. By
providing a list, our aim is that if the volunteer is concernedenoughto le a report
basedon the presem symptoms,they will ensurethat the player visits a physician for
con rmation. This will provide us with the con denceto sa that thesereports were
indeed concussions.

5.2 Gold Standard Limitations

Keeping the trained obseners independernt from the volunteers made post-inciden
player follow-up impossiblewith respect to the trained obseners. This resulted in
a lowered ability to comparevolunteer reports with the “gold standard'. Sincenone
of the volunteer reports matched any of the eight, trained obsener reports, we can
assumethat there are three possibilities for the team-gamesattended by the trained
obseners. The rst possibility is that no incidert occured. If there was no volunteer
report and no trained obsener report than we weremore con dent in our assumption
that nothing happened. The secondpossibility is an incidert occurred and it was
reported by the trained obsener but not the volunteer. If there wasno subjectivity in
the term incident of concernthan this possibility would help us meet Objective 2 of
this study. The third possibility is that anincidert wasreported by atrained obsener
becausethey may have seena player get hit, which resultedin his head hitting the
side boards before falling to the ice. From the stands, this would appear to be an
incidert but perhapsthe player only hurt their kneeor another part of their body not
assaiated with their head. Only post-incidert follow-up would be able to determine
if this wasindeeda true incidert.

To truly have a "gold standard' with which to comparevolunteer reports, inter-
action with teamsneedsto be allowed. If a trained obsener can attend team-games
in which they are able to comnunicate with the parerts or coahesafterwards to de-
termine if any concussionsnay have occurred. If possible,a trained obsener should
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follow a team throughout the ertire season.| feelthat this constart comnunication

and resulting familiarity will increasethe diligence of theseteamsto le concussion
reports. Samplingteam-gameswill no longer be a simple random samplebut a clus-
ter samplewhere every team-gamefrom a given team (cluster) is obsened. If the

assumptionis madethat teamsof the sameagedivision and skill level from di erent

asseiations have similar concussionrates, then using a cluster sample should not

e ect the precisionof the estimates.

5.3 Cost E ectiv e Study Expansion

Sincethe “gold standard' is currertly unableto determine whether parert volunteers
are an adequatesourceof data, a similar study designwould have to be implemerted
in other regionsof the province in order to make proper inferenceon the concussion
rates in theseregions. We hypothesizethat concussionrates di er betweenregions
meaning data must be collected from regionsother than the PCAHA. The current
study designwould prove too costly to expandto other regions. The useof a single
“gold standard’ would be desirablesothat data could be collectedfrom volunteersall
over the province and all regionalestimatescould be comparedwith the onestandard.
Even more desirablewould be to collect the data for the "gold standard' from within
the PCAHA to limit travel costs.

If we assumethat all volunteersin the province under report, on average,the
sameproportion of concussionghat actually occurredin their presencecomparison
of rates between regions can be performed on volunteer data alone using a simple
log-linear model without longitudinal extensions. Howewer, to get proper estimates,
an expansionfactor could be estimated from data collected within the PCAHA to
determinethe proportion of concussiondeing reported by volunteers. This estimate
can be usedto adjust volunteer reports from other regions. In doing so, we can
accunulate data from all over the province and adjust the estimates accordingly
providing a more accuratevalue.
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5.4 Computing the Multiplier Adjustmen t

Let their be two, independernt samplesof team-gamesn the PCAHA ead with con-
cussionrate . Onesetis sampledby the new "goldstandard' treatment and the other
setis sampledby parert volunteers. We will assumethat the "gold standard' will re-
port ewvery concussionthat occursin their obsened team-gamesand the volunteers
will only report a portion of theirs. Let X, the number of concussionsan a team-
gamereported by the new "gold standard', be distributed Poisson(). Thenlet Y,
the number of concussionsn a team-gamereported by the volunteers, be distributed
Poissonf ) wherep is the proportion of concussiongeported by the volunteers. Both
X and Y are independernt. Therefore, X and Y are the estimated concussionrates

for the gold standard and volunteersrespectively. The multiplier will be estimatedas
X

v

In order for the multiplier to be an e ective tool, its estimate must be precise.
Being a ratio of two random variables,the variance of the multiplier can be approxi-
mated using Taylor Seriesexpansionof its expectedvalue around its estimate to the
rst order terms and then taking its expectation (seeMood et al. (1974) pg.181).

The variance of the multiplier is approximately

X 1 2 2
Var — Var(X) — + Var(Y
v (X) 5 (Y) TBE
1 2 2
= — — 4+
ngs p Nvol (p )2

Wherengs and n,q arethe number of team-gamessampledby the "gold standard' and

the volunteersrespectively. The precisionwill depend on the number of team-games
obsened by both the “gold standard' and the parert volunteers, the true concussion
rate and the proportion of concussionsreported by volunteers (Figure 5.1). The

relative errors graphedin Figure 5.1 are basedon the minimum and maximum rates
estimated from the current data, aswell asa much higher rate as suggestedby the

head of the Motor Behaviour Laboratory (Dr. David Goodman). The value of p was
setat 1/3 asit is anticipated that volunteerswill not report a proportion lower than

this.
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Figure 5.1: Multiplier precisionas a function of true concussionrate and sample
sizewhilemaintaining the number of volunteer sampledteam-gamesat
3000

Even at a very low concussionrate, the slopesin Figure 5.1 begin to level o
at around 600 team-games. Also, one must considerthat these errors are basedon
volunteers reporting 1/3 of the actual concussions.If their reporting rate is lower,
the curvesin Figure 5.1 will be higher. Therefore, it is recommendedhat 600-800
team-gamese obsened by the "gold standard' to accoun for a wide rangeof possible
concussiorrates while remaining consenative with respect to volunteer reporting.

New regionsthat are addedto the study (i.e. OkanaganMainline) will have data
that will be solely collected by volunteers. Factors will remain the sameasin the
pilot study and will accoun for skill levels, age groups and assaiation size. Data
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will still be court data but will focus primarily on concussions. The estimates of
the concussionrate obtained from theseregionswill be multiplied by the expansion
factor asZ” where Z= é is the expansionfactor and ” is the volunteer estimate.
The varianceof the adjusted estimateis approximated using Taylor Seriesexpansion.
The varianceof Z” is

Var(z~) Var(Z)"+ Var(")Z?

Using this adjustmert, one can still comparefactors of interest and examinetrends
in the data.

One must proceedwith caution when using the multiplier from year to year. If
volunteers participating in the study becomequite good at reporting concussions
within a seasonor two, then applying the expansionfactor will overestimate the
concussionrate. Someof the participants from the currernt study will be involved in
the study again and their data may indicate that volunteers report the majority of
actual concussions Applying this expansionfactor to a new regionthat is composed
of all newvolunteerswho are not yet experiencedat data collection may overestimate
the concussiorrate aswell.
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Conclusion

In an attempt to quartify the incidert of concernrate in minor hockey in British
Columbia, this study recruited parert volunteersto collect data. To assesshe ability
of these volunteers, a "gold standard’' was usedto collect data on a sub-sampleof
team-gamesobsened by the volunteers. The rates reported by the volunteers were
then compareto the rates provided by the "gold standard'.

Due to multiple obsenations on team-gamesthe analysisuseda log-linear model,
formedusing GEE's. The joint distribution is di cult to formulate making maximum
likelihood methods dicult to implemert. Howeer, sinceincidernts of concernare
courts, the marginal distribution canbe assumedo be Poisson-lile. It is easierthen,
to make the assumptionthat the variance of the joint distribution is a function of its
mean and take advantage of the quasi-likelihood methods utilized by GEE's.

The original "gold standard' was concludedto be insu cient in measuringinci-
derts of concerndue to the possibility that ead obsener (trained or volunteer) was
reporting somethingsud as only concussionr all inciderts of concern. The term
inciderts of concernis too subjective and allows for di erent views of the gameto
report dierent ewverts. Therefore, it was not possibleto determine whether or not
parert volunteerscould provide uswith reliable data. This led to the needfor another
study to be conductedthat would provide more de nitiv e results.

| feelthat the proposedimprovemerns for a future study will result in a clearer
determination asto whether parert volunteers are an adequatesourceof reporting.

45
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The estimation of an expansionfactor will allow the adequacyof volunteers to be
determined while keepinga lower cost when expanding to other regions of British
Columbia. There is a possibility that if the expansionfactor is closeto one, and
volunteers are deemedreliable in terms of reporting, then we can proceedin future
seasondo useonly the volunteers and will not needto update the expansionfactor
(the most costly part of the study).

Problemsthat still remain are under-reporting of concussionsand lack of player
follow-up. Sinceplayers are not assesseafter eat game, possibleconcussionanay
not be reported due to mild or unrecognizablesymptoms. Full player assessmen
would provide the most reliable data. This could only be accomplishedby assigning
a quali ed trainer or physician to ead participating team. This would be an ideal,
yet extremely costly method of determining concussiorrates.

It is my aim that this project cortributes to the facilitation of future stepsto
reducethe rate of concussionshroughout minor hockey in not only British Columbia,
but acrossCanada. | feelthat in order for players, parerts and coadesto be aware
of concussionsthey must be preserned with evidencethat the concussionrate may
be higher than they are willing to accept as an inherewrt risk of playing hockey:.
The methods presetted in this project will be usedto collect data in a coste ective
manner. Evertually, using the proposedmethods, trends in the concussionrate over
time can be examinedin hopesthat thesetrends will be declining.
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