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ABSTRACT

Changes 1in the abllity and the phys ical work capaﬂity of

elght year old boys after a c0mpetitive'four month hockey season

- fart

were measured and compared with a control group of children of the
same age who were not playiﬁg hockey, “he tests.used were the
chl70 9n a bicycle ergometer, static beasurgs of muscular's§rength,
a series of anthropometric measures, as well as the CAHPER Fité;ss
Performance Test Items, In addit;on, the hockey group wasbgiven
certain skating and hockey ability tests,

Among the anthropometric measures, a statistically significant
Increase between pre ang post season results was found for the follow-
ing items: height, welght, and bi-acromial width, There was also a
significant difference for PUC, and PHC C po/kE of bodv ».pjmt Letween
the pre and post tests as well as botween‘the two groups., Concerning
the tests of fitness performance, the two €roups were found to be
significantly different for all items and in the.cgse of four a
significant pre post result was obtained In the hockey.tests there
was a significant difference between the pré and post season values
in forward ikating (90 feet), iﬁ‘ggility skating, and fh the puck
control test,

It wes concludeﬂ that the hockey group improved thei“ endu-~
Vrance fitness (as measured - "by the PJP17O test) significantly more

than the control group, The data also s&ggest that the hockey group

;91v

~7



was superior to the control group, on most fitness-performance ‘items,
: | .

; ] )
before the season began, The effect of the hockey sSeason on .these
E}

iters was less dramatic however, The strength 1tems did not appear

to. be influenced by the season of play,

-,
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INTRODUCT IO

of the lorthern Hemispherx It is a game playod by adults and
children, old and young, ;;ofe ssional and amateur ali over our coun-
try. The game of hockey is growing in Popularity ccrtalnlg because of
the extensive television coverage of brofessiona] leagues in America,
olympic tournaments aﬁg international ganmes, Qne importanfufactor of
this growth is the Increasing participation of children in the game
of hockey under a wide Trange of different programs. rost of these
Programs are either competition oriented, with scheduled league ikmes
or tournament games, or less organized with informal games or exhibi-
tion matcheo between comnmunities, towns or villages, -

‘There is limited literature on hockey\oklll and ’9khniQUes
for all levels of players, with sone chapters or paragrmpﬁs referring
to the physical conditioning necessary to play the game with efficiency
and lack of fatigue (21, 34, 35, 39, 43, 45, 47).. There have been
very few Studies, up untij now, on the physical fitneso of hockey
playeis, speclally on young hockey players of elight years of age, .A
etudy by Doroschuk ang Marcotte (18) looked at the construction of a
test for Screening ice hockey players of all age levels, while another

study by Merrifield and Walford (36) Was concerned with the items to

include in g ekill test for ice hockey, 1n 191, the sape authors (3i7

"
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used this hockey skill test with elght to eleven year old children
to evaluate their skill»ievei and form age'bréckets. Other studios
héve been conducted on hocke} skills (4, 23, 10, W4y, but as yet, no
studies have becn done on children, using an intensive four month ‘

hockey season as a t:ﬁﬁning method to improve their pPhysical fitness.
) )

It 1s.well kDOWH(amongst exercise physiologists that the best

single measure of fitness is thebmaximum oxygen uptake, but it is not

H

alvways possible to use well equipped_laboratoyies to measﬁie this
parameter, There is no one test of fitness since it 1s a state which

characterizes the degree to which the organisﬁ 1s able to function.

Tt can be measured by aerobic capacity, st Cand a few more
performanég ivems such as runs and jumps (13). Yany studies done on

children looked only at their physical working capaclties in y+>ation

to sex and age (1, 2, 3, 6, 8y S 10, 12, 14, 26, 27, 41), as others
measured their maximum Oxygen uptake and SRS ‘utput“(j,.é, 7y 8,

15, 16, 17, 19, 20, 22, 28, 29, 33, 42, 4). In a recent commentary,

Macnab (32) made this staiementx'

Aerobic capacity also fails to take into account other
factors involved in rerformance bf physical work (e.g.
specificity of task, mbtivation, $trength, anaerobic
capacity). The item which best cortelates with the
time required to run two miles is the tine required to
Tun two miles, Thus in predicting verformance, aerobic
capacity, at best, only imitates specific tests,

Variance chardacteristics of the sample and the relative
contribution of aerobic capacity to a given type of
performance should thus be seriously considered. in any
.studies of the‘relationship‘of aerobic capacity to ex-
ternal criteria of performance, - S
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Followinﬂ this line of thinking, this study of #ouﬁp hockey i;
players took into account the°e othnr ‘actors involvcd in pcrfofming
physical work:; specificity of task with a 1ockey;5kill'tests; strength

< ) :
¥ith measurements on that_paramater; other itens such as physical
working_capacity; pefformance on differept items and anthropometric
datqu 'ltjis hoped that the measurement of fitness of these-childrcn,
in a very préctical study, will incite Others to look clos ely at the
fitness of young children and to find ways of improving thaf parameter
since'physically fit youth is a good\baoe on which to build a strong
and healthy population. It 1s also hoped that this study will fi11 a
lack of pertinent i¥formation concerning the fitness of children who

enjoy theig most :iked sport as a means of training,

4

STATEMERT OF THE PRCBLkM

The present study involved two groups of childrep eight years
of age. One group consisted of i4 hockey players participating in an
organiz ed conpetition oriented lcabue. The other group was comprised
of 14 non-hockey players whO'participqted in @ther sports op physical
activities.

Specifically, the study focused upon.tne following variables:

1, Phy51ca1 work capacity as measuvred by the ch170 bicycle »

ergometer test (26) -

2, Physical fitness as determined by,

a) a fitness-performance test (24&) .



b)

0( ’

»

- the 50 yard run .

\""‘\

~ the 300 yard run

- . the shuttle run

\«
- the one-minute speed sit-up

[3

the standing broad Jump
- the flexed arm ha.ngx
strength measureménts (27)

~ 8rip strength (both hands)
~ elbow flenion and extension ‘and knee extension

(left side only) on the Hettingexr chair

- 3. Anthr?pometric measures;

body weight 2

body height B

t

biZacromial measures

D

bi-illiac measures

4, And for‘the hockey'groupx

i -

JUSTIFICATION

specific abilities concerning hocPey as measured by the

Hockey Canada. Skill Test (23),

OF THE STUDY

a

° The Improvenment of the physical fitneos of childrnn 3hou1d be

é

oné of the main objectives in any physical education program, both in

r

the schools and in the communities, Many studies have been conducted

on the physical fltness of adults, males and females, on training

methods and intensities of work necessgry to bring normal healthyi

-~
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people to an above average physical coadition and fitness.

»
-

This study was designed to look at the influence of an inten-

®

sive four month hockey season on the fitness of a group}of young

~

children eight years of age, Their initial Jevel of fitness was

measured at pre-season in comparison with the fitness of a control
group of gon-hockey players., A PWC17O exercise te st was p«rformed
to measure thelr work capacity, a fitness test was dﬁministered to

analyse their general physical condition, and strength measures were

. 9 { -
taken, To the hockey group, a hockey 'ski]l test was given to assess
their proficiency and their abiiity in that specific disciyline.

Practical studies with children are needed in all sports to know if a

specific acti®ity in which a child engagzes, improves his pnysical
. l ;

fitness and also to determine the intensity to which this specific

actlvity must be engaged in. Playing hockey, for a child, is certainly
‘ e

enjoyable and can be taken as a good training method that can bring

beneficial physiological fitness to children of this age group.
c X

M ®
~
<

LIMITATIONS OF "THE STUDY }
"The selection of the control group.p*eseuto a pn°>1blb limita-
fion to 'the study. The children of the control group may be different

from those whp participate in iégk{?. in that they play other spdrts

and may not have the same motivainn The fourieen children in the

* ]

control group were chosen from the very 1imited number of non- hockoy

»

playing children in the district.
< By o '.\



DILIMITATIONS Ow THE STUDY
All subjects (twenty~eight) were volunteers from the Malmo and

Michener Park communities, 1in tdmonton. These children come from
- ” ‘/A
midd]v-cJass families in this district. From the hockey group, many
5 .
’ Players attended hockey school during summertime ang feceived pre-

© 8edson training, They are the best tean of fourteen vlaye k from a

group of - thirty-four eight year olds from the same community, thus

they répresént a small portion-of the-hockey population, .
\

{
DEFINITION OF TERM: _ . 2

. Anovar  analysis of variance,

Codpetitive profgram: a program Involving well organized competition

- Y among other teams in the same age group,

T

Kilopond;g anevkp 1s the force acting on a mass of one kilogram at

“the normal accéleration of gravity,

Kilopond meter; physical work unit done on a bicycle ergometer during

’ a specific period of:time. It is the product of the tension in
kilopénds applied against the bicycle wheel and the distance
covered by the wheel during one compiete revolution of pedals
multiplied by the number of revolutions per minute, Expressed
in meters kilopond per minute (Kpm/min),

Non-participant; young boys that are sport active cutside of a hockey

-] .
% » R ! ~

program,
Participant; young boys participating in a community organized hockey
o ipant

¢

program,
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Physical fitnvss: 'fbr this study, fitness is the pﬁysical.powérs and

endurance of the orgahism. These qualities are the result of
the physical activitiCS-and,the practices in daily living (31).
. ) BN

a test on a bicycle ergometer de

PWC17Ox

signed to measure the ability

Ny

<« . .

of an individual to ‘perfdmm prolonged physical work with a
‘ .

steady state heart rate of 170,

Work load: work perforned against

a Tixed resistance ang measured in

kilopond reters per minute (Kpm/min),



CHAPTER 11

REVIEW OF LIT“RATURE ‘ p

b
THE'PHYSICAL WORKING CAPACITY OF CHILDREN

Hhile\p;rtisipating in competitive sports, children will very
seldom reach exhaustion, They will become tired, rest for a short time
and then keep on playing for hours and hOurs. They‘are active und 1like
to be that way., It is then very difficult to enroll them in hamni
régimented training regime where every sesSionlis planned ahead, well
orgdnized and'£1med, a;d very often too arduous and boring. Having
them training while playing their favourite game 1s easier and enhance
their participation., But of course, to measure their fitness or their
psrformance, a reliable method mdst be used. One that has been employed
very extensively is the measure of the physical working capacity b) the
mean of the bicycle ergometer test.

In their study of California School childre, Adans et al. (1)
determined the ghysical working. capacity for two hundred dnd forty-
three children of both sexes, ranging in age fron 6 to 14 years.

Working capa‘ity correlated well with the surface arca, height, height,
3 second vital capacity, total vital capacity and age, The 1 secodd
vital capacity and the blood . pressures gave relatively poor correlations,
The surface area was selected as the variable to be compared{yith working
capacity. Regression-liﬁes and 95% confidence bands were determined for
each of the sexes, Roys possessgd significantly greater working éapa-

/ .

/.

Jo
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cities than girls, even at the smaller surface area, Df}ferenccs
became quite marked in the older and- larger boys as contrasted with
€irls of the same age or size, The results for eight Year old boys with
mean values of 131 cm on height and 30 Kg on weight for a mean surface
area of 1,06 MZ, gave‘438 kg M/min as a working capacity mean. For the
€irls at the same age, the mean height was 132 cm, mean weight 30 Kg,
mean surface area 1,06 ¥° » the working capacity,yas 343 Kg M/min, The
boys had a much higher result,

The same author (2) studied the physical working capacity of one <
hundred and ninet) s81x normal Swedish country and city school children
of both sexes and of ages 10, 11 and 12 years, Ninety- four of the i
childrcn were from two country schoolu, and one hundred and two were
from a Stockholinm city school The working capacity was found to increase
with age, height, Welight, surfacp area, heart volupe and degree of phy-~
sical training. of the variables tested, the working capacity had the |
highest correlation with the heart volumelfor the city and_country boys
and for the city girls.’ For the country giris, the best correlation of
the working capacity was with body size, surface area, height and weight,
A comparison of the working capacity with the degrce ‘of physical training,
by sex, of thq\cifz;gnd country school children showed that, in the case of'
both boys and girls from both city and country, the working capacity was
significantly greater with increasing degree of physical training. The
lowest physical working Capacily occurred in city girls who were poorly

trained (339’Kg ¥/min), The highest working capacity was found in a group

of highly trained country girls (749 Kg M/min), 1In comparing the working

LY



2/ )
capatity between corresponding\groups of training, country and city, the

only éighificant differences (p <0.C02) were tetween the highly trained
country girls (749 Kg M/min) and the h&ghly tralned city girls
(484 Kg M/min) |
Alderman (3), in a Canadian study, ﬁséd thé Sjbstrand bicycle

ergometer Qork Capacity test on two different cccasions, one';;?r apart
to measure ninety-nine 10 ang luhyear old:boys and girls, The Elema-
Sch¥nander constant work load bicycle ergdmefer was used as the testing
“instrument. chl?O wWas calculated in the usual fashion, 1.ej,iby extra-
polating, on the basis of three & minute »periodsv of exercise, to the -
estiézked Wworkload at a heart rate level of 170 béats per minute, All

. a :
four %roups improved in chi?O tq a statistically significant degree
over t;e one year interval with the boys of 10 year old increasing
from é mean -oft 797,6 to a mean -of 948,2, The girls also showed an in-
Crease in their Kpm/min from a mean of 287.4 to 422,6 for the 10 year
olds and from a mean of 487,1 to 592.7 for the 14 year olds, Age dif-
errences within‘sexes and sex differences within age levels in chl?O
are generally what one would expect, i,e., boys are superior to girls,
and the older age groups are Superior to the younger age groups, Sex
A'differeﬁces between diffe;ent age brackets aré #nother matter of course,
Older giris dig have larger PHCI?O Scores tihan founger~boys.
In a Winnipeg stﬁdy. Cumming and'Cummingv(ih) tested one hundred

-

and twelve children, five male and five female in each age level from
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1,

- ergometer designed by Holmgren and Mattsson, with an electronic brake,

The subjects pedalled at a rate of 60 to 70 revolutions per minute and
the work was maintained for 18 mihute%, the load being increased at 6
“and 12 minutes of exercisp For forty subjects, four consecutive 6
minute periods were used instead of three., An attempt was made to make
the work load for the final 6 minute period just about the maximum‘that
the subjeét could comfortably maintain, 1In all subjects a pulse rate
of over 170 per minute was reached, For the age group of eight jear
old with five subjects, a mean height of 132 cm, a mean weight of 30 Kg
and surface area of 1,05 M2 gave a mean working capacity of 457 Kg/M/min.
They also recorded a gladual rise in maximum working capacity with in-
creasing age, The working capacity for'tpe boys was consistently greater
than that for the girls., This was true even for t;é youngest age group
of 6 year olds, One exception occurred with the eleven year olds, in
this study, having the girls recoxd a ;;;Q\yorking capacity of 497
Kg/M/min and the boys a mean of 474 Kg/M/min.» A subsequert study of
larger numbers of eleven year old children showed that the boys had
working capacities 20% greater than the glrls, There was a high corre-
1ation of the working capacities of the boys with their height (0, 86)),
weight (0.897) and surface area (0 904), 4
Baggley and Cumming (8) performed a stuﬂy of physical wor&
capacity and aerobic power on a group of grade 5 and 6 students‘%?
Winnipeg, ‘Two measprEments Wwere used £o assess fitness, the PWC 170. on

the bicydle ergometer by intrapolation ox extrapolation from iwo steady

state 6 minute submaximal work Yoads designed to produce pulse rates of
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L
130-140 and 160-180 bests per minute. The other measures were th%ined
when the subjects were asked to continue pedalling'at.a supermaximal
work load designed so that the subject could not sustain the addea |
resistance for more th@n three minutes; Exﬁiréd alr was collected durlng
the third minute of this e;ercise and immediately analyzed.for.oxygen
and CO2 Volume was measured “ithﬁﬁ ¢alibrated dry.gas néter.

Two studles on cach child, one week apart were obtained early in
September to assess the reliability of the test methods, These boys and
girls, mean age in September of eleveny were exercised twipe in September,
and in December, Februarys April and June, Thg‘mean chl?O values in-~
creased as the school year progressed although, because of a wide varia-
bility, the change did not reach stétistipal signifipance. A decrease

[}

was observed for the testing done in April and June. The mean values of

the PWC in Xpm/min for the grade 5 and 6 boys Were as followss 569

170
in September, 598 in December, 645 in February, 609 in April and 641 in
June, The mean vaiues per Kpm/Kg/min followed the same pattern: 15.8
in September, 15,6 in December, 16,4 in Februafy, 15,3 in April‘and 15.9
in June, The VO2 max -values did increasé.regulariy'throughfthe year,
The largest study-oq this subject was made by CAHPER under the
direction of Howell and Macnab (26) in the spring of 1“65._ They studied
a random sample of two thousand one hundred and seven childre@.from
:schools across Canada, from the age of 7 to 17 years., They used a mo-

dified bicycle ergometer, manufactursd by the Monark Company,‘and the

SjBstrand test was performed by the subjects at three increasing work



13

level, four minutes each, to elicit 1ncrea$1ng desired heart rate up
to a steady state heart rate of 170 bédts pér minute in the last four
minutesn Subjects pedalled at 60 Rpm, . For the eight year old group,
boys had_a mean body weight of 27,66 Kg to the girls 27,22 Kg. The
boys mean chl?o Kpm/¥ was 351,0 compafed to the girls who Ead a 285.0,
Per Kg of body weight, the boys'ﬁ%an value was 121%1 and the girls
10.67. It is easy to see that ;he boys mean values were higher than
‘the girls, both in Kpi/min and Kg per body weiéht. The complete ‘data

=3

IecordedAshowed that the physical working capacity increased w;th age,
. oy

more rapidly for boys than girls., For the girls, there seems to be ;
plateau after thirteen ;ears of age and a ve;? slight increase from
thi{teen to seventeen years. The data permitfed the pfeparatidn of
percentile tables that became Canadian standards and are used, with
the CAHPER ﬁerformance-test, as a measure for the fitﬁess of Canadian
Youth,

All of these studies represent only measurements of children's
fitness through measures of their physical‘working caracity. Most of
these studies were performed.in Canada and give us nearlj the same
coﬁcluSions; that the physical working capacity of children increases
with age and is higher in boys than in girls, But these studies aré
purely measures taken on one ;r two bcéasiéns or more during a school
year or at a certain time, There has’been no mention of training of

any kind in any of these studies, The young hockey players involved

in_this study had an intensive season of -.competition in-ice hockey
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outside of their regular activities, Playingshockey very competitively
is, here, considered as a tralning factor that could influence their
working capacity, outside of the normal growth, Any increase in their
PNC may be related to the intehsity, frequency and duration of the
training and also to the age of the subjects and their initiadl fitness
level, Although very few studies have teen made on the effect oﬁ
training on young children under ten years of age, it is necesoary to
look at studies performed on older children, 1t should be noted tha+
most of these contain measures of maximum oxygen uptakes without noting
the results on the physical working capacity, and some have been per-
formed on a treadmily,

Xrijens“CQZ) compared eleven volunteer adolescents (mean age
16,7 years) with nine students (mean age 17,1 years) in.a scheduled
physical gaucation class. The two groups were considered to be equiva-
lent in anthropometrical and functional tests, The experimental _group

S g LI

participated in a circuit tj?ining (ten eéxercises) regimen in~ad@i$ion

to the regular physical education program for a period 01 Six weeks, with
three training sessions per week, The circuit was performed acCording to
the interval principle, The intensity of each exercise (bench-sxeppzng,
pull-up, sit up, Trope climb, etc,) was fixed at 90% of the individual s
rerformance capacity, After the six weeks of training, the maximum
OXygen consumption increased 14% (from 3.1 to 3.6 litres/hin), the f
maximum work loads increased from 253 to 300 Natts (1730 to LBQF'Kpm/h),

the maximunm ventilatory volure improved from 98,6 to 111.6 1itres/min

b
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(13 %) and finally the improvement of the oxygen pulse was 1,9 ml/hﬁat
(from 46.2 5018.1 ml/beat). The control group showed no signiflc;nt
gain in'any of these tests, \ T ;

Six boys, all eleven years old “ere trained by kkblom (19) over
a period of six mohﬁhs and compared to a control group; The training
program consistedaof interval and distanée funning, strength training
by circuit and weight 11fting, ball games and ice hockev, twice a ueek
with each sdssibn lasting from 45 to 60 minutes, .Before the 5p°cia1
training started theré were no éignificant*differences between the
trainln; and reference groupo with Iegard to body height. body weight
vital capacity and maxinal oxygen uptake. AlilsubJects were g;wﬂ,va‘f“';,‘.~
. periodic laboratory tests at the'begihning of the ihvestigation,’affér .
six months and for a special@group, after 32 months of tralning. The £
tests were performed on a bicyd&e ergometer at two qubmaximal uork—

-

loads of 300 and 450 Kpm/min fof 6 minutes per workload, After at least

15 minutes of rest, exhau%tive exercise was perforved for: %—5 minu~5s on

a motor-driven treadmill, ' The MVO2 of the training group improved from

2,15 to 2.45 1itres/min (15/) or from 53.9 to 59 4 m}/Kg/min, but was -

S

unchanged in the control group. %The. maxinum ventilatory volume increased

-
3

from 68 to 80.4 iitres/min (32%) and the maximumpheart rate decreased

from 204 te 199 beats/min after the training progfam. At a given sub-
" maximal work rate, the heart rate decreased from 148 to 139. beats/min,
Five boys from the traininé group contin;ed training for a further

l twenty-six ﬁonths, and i¢.was then fgund that MVO2 increased in total

Y

¢



by 55” (frOm 2.15 to 3, 41 litres/min) ¥hich was more than expected
from the age-dependent increa e Iny,terms of body weight.,

Daniel" and Oldrige (17) tested fourteen boys, aged 10~15,
on fivc occasions during 22 months of distance-running training,
Semi ;nnually, height and weight were recorded as were performances
for 1 and 2 mile races, At the start of the program and approximately
every'six months for the next two years, the subjects participated in
a subnaximal and maximal treadmiI}wrunﬁing test, It was, of course,
lim?ossible'ro measure their physical working capacity, After 22 months,
}arerage growth was 11.2 cm and 9.2 Kg. Max VO, increased from 2331 ml
| to 2839 ml; max VOZ/Kg did not change’ significantly from a mean of 59.5

ml/Kg per minute. During the twelve month period of greatest growth

(6 U cm and 5.9 Kg), max VO2 increased 295 rl, a 50 ml increace per Kg

W o>

increaue in weight Again no change was measured 1n max VOz/Kg. Average
improvement in running performance was 32 seconds in the mile and 63
seconds in 2 miles, Steady-state vo, (ml/Kg per minute) during sub-
;cximal running dininished from 52.0 in the initial test ueries to 45,5,
,twenty two month; later, This apparent improvement in running efficiency,
which.was;to a great degree a functien of growth, was believed to be |
mainly responsible for betiter running performance, To evaluate any
training effects from thfz stuﬁy is practically impossible because no

control éroup was used and therefore the results confused growth and

training effects, The intensity of training was not controlled.
9

3
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In Cumming's(gi al, Giéﬁy (15), the physical working.capacity
and maximué oxygen uptake,of fourteen boys and fifteen gﬂrlsﬁk&welve
to eighteen years of age, were measured on an electronically braked Elema
bicycle , redalled at 60-70 r.p;m. dn day 1 and day 6 of a track camp

where intensive physical tralning was carried out, The camp progranm -

e

was physically demanding, and, in the coursg of. a day, both boys and—"
girls ran a total dist&nce of 25-40 miles. IMean VO2 max aqd/'wclyo
values were compared us ing {Fé paired data *"¢" Fggj/aﬁa significant
increase in PWC17OvOCCUITﬁd in &he boys (p <.01) from 960 Kpn/min on
day 1 to 1082 Kpm/min on:day 6 For the girls (p €.05) the increase
was f{rom ?20 Kpm/min to /95 Kpm/min frem day 1 to day 6. As for as

VO2 max 1s concerned, n@ significant changes occurred for elther group,
with {he boys very_sligptly increasing from 3.92 to 4,02 1/min and the
girls keéping az2,76 aéé 2,75 1/min lével. Significant changes in
heart volume, stroke vélume, total body hemoglobin, lung capacities, or
muscle mass, are unlikcly to occur with a week of intensive training in
already fit young su@gects. 1t is of note that the pulse rates for ihe
submaximal loads deéiined after one week-training, hence the increase
in PHCIYC' | »
In a stu%y by Wells et al., (46) the physical working capacities
<P“C1/o) and maximal oxygen uptakes {max VO. ) of three groups'of teen-
aged athletes from Nova Scotia, Canada, were assessed, The Sj&strand

test was adrinistered with slight modifications, Two bouts of work were

performed for six minutes each on a Monark bicycle ergomeier af, the
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pe ling rate of 50 pedal revolutions per minute, The work loads

were selected to elicit a heart rate of approxirately 120 to 160 beats

respeciively. A third work load was completed if 4 subject's heart rate

remained below 140 op the second work load, Acrobic capacitﬂes,ranging
&from b6 to 57 ml/Kg min were observed for twelve girls age twelve to
eighteen years while values obtained for nine boys: age fift@en‘to
twenty years ranged from 50 to 74 rl /Kg min. PWC and max VO values
¥ere evaluated in terms of body welght, ofat-free bOdy ueight and body
surface area, The boys had these mean results: 1149 Kpm/hin,'l?.db ’
by Kg of body welght, 21,06 by free fat body weight and 625,11 by
surface area in Mz. The girls; a bit younger, had these mean results:
764 Kpm/min, 16,16 by Kg of body weight, 20,30 by free fat body weight
and 525,51 by surface area in M2 These values are all)}aP@n on the

PWC Apparent sexual dirference in chl?O rerformance disappeared

170"
when' values were expressed in terms of body weight or fat-free body

weight, Differehceo in aerobic capacity remainea significant ?%en this

procedure was ;epeatcd for max VO2 values, Correlations ang rgér?s sion
’ equationo for predicted and obtained max VO values indicated t?*%kthere
is little validity in estimating maximal aerobic capagity for t*c;gmill
running from submaxinal bicycle ergometer work,
Massicotte (33).peffozmé§ a study, in &dmonton, on thirty-six
students of the Colldge St-Jean, aged eleven to thirteen, to determine

the relative effects of threé intensitiuu of traiuinﬁ upbn the cardio~

respiratory fitness of children when the ZToUps were equéted on their



initial fltaess level, as well as the duration and .frequency of the

training sessions, They were tedted on a blcycle ergoneter prior to
4

and fo]lowiné“a six week trainrng pTUgTam, The subjects were ranked
according to MVO2 relative to bedy welght and then blocked into three
fitness leQélg. The subjects from e?éh fitness level were then ran-
domly assigned to one of four treatment groups. The first group (T1)

trained atra heart fate of 170-180 beats per minute and increased their

¢

work load from 600~Kpm/m1n in week 1, to 950 Kpm/min in week 6, The
second ngup (T%g trained. at'a'he&rt rate of“1504&60 beats. per minute

and increased th@irpwork load from 400 Kpm/min {n week 1 to 700 Kpn/

s

min in week 6, The thifd grou}‘? (T3) trained at a heart rate of 130-
140 beats per'minute and they increqsed thelr work load from 250
Kpﬁ/min to 525 Kpm/Tin. The fourth group (T4) was the control group,
The training was conducted on a bicycle ergometer three times a week,
twelve minutes per session, Heart rafes were monitored oncé a week

during the twelve minutes to permit an adjuétmcnt’of the work load

-

required to elicit the pre-determined hégug rates,

)

Following training, significantvﬁécreases in heart rate oécurred

.for the three training groups over thg control group at submaximal work

Y

load. T1 héart rate decreaﬁed,from_150 beats per minute to 133 beats

rer minute after six ueeks o; ir ;*:lng, T2 heart rate decreased from

{65\beat9 per minute to 150 boats per minute and T3 heart rate decreased

from 168 bOato per minute to 155 beats per minutc. The heart rate of

e

the control group T4 increased slightly. Thé;e was no sighificant
b : “»
[ { N
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difference, howevcr,-betwyen the three tralining groups., DBlood lactate
concentration dworéased ia~the T1 group at submaximal work load.-QAfter
training, the MVO2 increased by 11%, biooa lactate by 21% and oxygen
pulse by 13% in the T1 group,

As scen In most of these studles, the intensity of training
was very often not controlled and it is known that tb;s parameter is
very difficult to control, especially in young children, It is generally
noted that increases occurred in physiéal workigg capacities in Kpm/min,
in max VO2 1/min and in other related parameters, while a deorease in
heart rates occurred in submaximal work. It is also péssible to note
that when measures are given by Kg body weight, only slight 1ncréasee
appear, and even the sexual differences tend to diminish. It is aléo o
very difficult to~bé definitely certain that the improvements in. per-
formance are due to training, since most of the studies were pprformed

during the growth period and there is no way of eliminating one from

the other. N

FITﬁESS PERFORﬁANCE TESTS

Cumming and Keynes .(16) have performed a study involving seven
hundred\WInni?eg;§g§88}>chilaren'using the CAHPER fitness perférnance
gpst The results wero.;btained from May 25 to 30, 1965 on four hundred
and ninety-seven children of the original seven hundred, The testsr
consisted of speed sit-ups, standing broad jump, shuttle run, flexed

arm hang, 50 yard run and 300 yard run, Students were not randomly

v
]
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SGlecped but wexn btuients from twb clagses of each grade from 1 to

xe.,ﬂ -I A

12 choqer bv fqhool p%incipalu The mean results on the different
1tems for the eipht year old boys are as follow: subjects 39, sit-ups
27, broad ju;£\51 inches, arm hang 27 seconds, shuttle run 13 seconds,
50 yard run 9,3 seconds and 300 yard run 77 seconds., The correlation
coefficient between eacgkand Qvery 1tem vafies from a low of ~-0.37
between the flexed arm hang and the 50 yard run to a high of -0,76
between shuttle run and broad jump and also 300 yard run and broad
Jjump, o

In 1966, the CAHFER, under the direction of Yuhasgz and. Hayden
(24) cogaucted a study involving ten thousand boys and girls (aged
seven to seventeen) on a battery of fitness ﬁerformance items comprisings
50 yard dash, BOO“yardirun, shuttle run, flexed arm hang, standing broad
Eump and sit-ups, The mean values obtained for the elght year olds weres
50 yard run, 9.6 seconds; 300 yard run, 81 seconds; shu:lle run; 13;5
. seconds; standing broad Jjunp, 47 inches; flexed arm hang, é% seconds
one minute speed sit-ups, 24, These results and the results of all
bother.age groups were used to establish the Canadian standard tables
thét are found in a booklet‘edited by the CAHPER,

These measures were taken on a normal population on one occasion,
like most other studies involving measures on . fitnoss performance items

of the same type, Few studies used a fitness performance test as a

measure of a possible increase in fitness after a reriod of training,

~
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One study conducted by Bradley et al. (11) in 1967, at the
Univer*ity of I111n01° Sports-Fitness Summer Day School for Boys deter-
mined the effects of an 8 week sports and physical fitness program on
the physical fitpess of boys aged scven to thirteen, sixty-five acting
as the experimental group And twenty-two serving as the control group,
The AAHPER physical fitness battery was adminibtered with preCdutjons
to ensure ;hat each test item was offered to both groups by the same
precedures and examiner and on the same day, during the initlal week
(T1) and final week (T2) of the summer 5chool, = The two groups were
matched only on the variables of age, height and weight, and after the
initial test battery the experimental subjects participated for elght
weeks in the activity program, each afternoon, é%nsigiing of 30 minutes
in each of the following:‘ aquatics, gymnastics, track‘and field, c§n-
ditloning activities, and endurance running, btatlstically significant
changes were n#dled fro Tl to T2 in the following itens for the expert-
mental group: (1) stinding broad jump (Zl = 58,2 inches, XZ = 62,4);
(2) sit-ups (Xi = 3?.9, Xé\= 84.?): (3) pull-ups (Xi = 2.08{ 22 = 3,15);
and (4) 600 yard run (Xl = 148.9 seconds, §2 = 138,0 secends), For
.the control group, no statistically significant changes were noted frop
i T1 to T2, The conclusioﬁ of the study stated that the changes which
took place in itenms which purport to measunf muscular strength and en-
durance were 51gn1f*cant1y greater for the boys in the organized pro-
gram, and that no changes appeared for either g€roup in the items which

purport to measure speed, agility and cooxdination;
| @
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STRENGTH MEASUREMENTS ‘ N
Again in the literature, it is difficult to find strength test
that measures such a parameter in young children of eight years of age,

. v
The studies we do find are purely measures taken in one testing session

that serves to establish norms and classification,
\ A pilot study conducted by Torpey (40), in 1959, measured four
hundred and fifty childrsn usingwthe leg extension test item. It was
chosen because of ease of tesgisé and because no discomfort on thé
child's part was expected, It was performed in a sitting position, and
onlj thé right leg was tested. The means and;standard deviations showed
a steady increase with grade lsyél“goiné from 53 pounds 15 grade one to
95 pounds in grade%six for the boys mean scores and from 1l to 20 for
the staﬁdard deviation, The study was an attegg},to determine'the
‘success with which a strength test could be conducted in a normal phy-
slcal education class situation,
Montpet%t et al, (38), in 1967, did a grip strength‘research on
* the Saginaw school children in Michigan, U S.A., in which he tested a
6 percent sample of the children attending the public schools in 1962-
63, using an ajustable grip.dynamometer. The sample was made of‘four
4 T
’,hundred and eighty-five boys and four hugdred and twenty-three girls
fanging in age from eighf-to seventeén yeérs. The subjects had two
trials with each hand, alternating right to left and with about one mi-
nute between trials. Each subject was tested in a standing position

and was instructed to squeeze the dynamometer with a maximal effort
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with the instrument heldb free from his body., The results of this sample
are as follows for the eight year old boys gr up of twenty-two subjects;
mean values for helght was 129,4 cny, weight sz 29.6 Kg and grip strength
was 14,4 Kg, .Only the better score with either hand wauouoed

The largest study in Canada made on strength was pexformed by
Howell, Macnab et al., (25, 27) at the University of Alberta, in 1967,

The sample included schoel children frop Alberta as well'as a sample of

the Indian children of the province, ' A strength testlng machine was

sisted of a modification of one built by Hettinger in Germany, Eight of
the ten strength measurements were carried out on the apparatus, the
back and leg lift were done on separate apparatus, ‘The strength or grip
was tested for each grip by use of a Smedey AdJuutable Grip dynamometer, "
The elbow Tlexion, eltow extension, knee extension were performed on the
machine for each arm and each leg, The leg 1ift and back 1ift tests
werg done on a twelve inch steol placed against a flat wall, All mea-
sures on these tests were made with the Pacific Inotrument cable tensio~
meter and regorded in poug@s. The mean’ results for the boys eight years
of age were as foll dwv for the different jStens; gdght grip, 133 pounds;
left grip, 32 pounds; rlght elbow fggiion, 28 pounds; left elbow
flexion, 27 pcunds; right elbow extension, 25 “pounds; left elbow ex-
tension, 25 pounds; right knee extension, 52 pounds; 1eft knee exten-
sion, 51 pounds; leg 1ift strength, 145 pounds; Yaek lift extension,

82 pounds. These strength measurements will serve as\g basis for

building pProvincial norms for the Alberta school children and Indian

-population.
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ICE HOCKEY SKILL TESTS

Research studies in lce. hockey have be;n made mostly on skill
liems and technical méves. But a few studies concerned test making
for hockey playeré.

Doroschuk and Marcotte (18) did a study to develop an effiéient
and objective mean of screening ice hockey players, The Illinois
Agility run was adapted for uée on ice and thewtest was admlnistered
to a hocPey'claes. The sample was made of twenty-seven subJects all
undergraduate students in physical education aged 18 to 25 years, The
test was a puck control test in between the two blue lines and around
chairs set»20 feet apart, The best of two trials was recorded, The
times ranged from 25,6 seconds to 3? 7 ligh a mean : time of 27.4, Tge
results indicated that the modified I1linois Agility Run could be used
as a screening device to objectively and efficientiy'&ate hoqkey
players at initial try-outs, and also as a short objective.teét for
hockey ability, |

"Merrifield and Walford (36) used fifteen male college Studénts
who were menbers of. the Ithaca College Hockey club-as subjects to
develop a battery of 1ce hockey skill tests for the purpose of measuring .
selected basic skills in ice hockey. The test-retest methpd indicated
four tests as reliable fromiavselectiOn of six itemé baéed upon the
subjective judgement of the two investigators. The tests included
forward skating speed, backward skating speed, skating agility, puck

carry, shooting and pas sing, The bat tery of tests Was administered to
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‘the subjects.after one week of practice and was repeated one week
later. The subjects performed two trials on each test item for each
\ .

of the two test days, Scoring was done in seconds for the skating and
puck carry items and 1ntpoints for the shooting and passing. No re-
sults were avajlable except concerning the validity and reliability of
the test, The reliability coefficients ranged from 0,74 to 0,94 on the
skating items and. were of 0,62 for the shooting and 0.37 for the passing,
The validity coefficients for each of the four skating tests when com-
pared to subjective ranking in each SkilL ranged from 0,75 to 0,96,
- The puck carry test correlated with the other three tests and was de-
termined the best single-item for measuring overal] ability.l It was
concluded that an ice hockey test battery should include at least three
of the tests,

Merrifield and Walford (37) during the winter of 1965 in Ithaca,
New York, teste? ninety-four boys in a Pee Wee hockey program using the
battery of four ice hockey 8kill tests devised by themselves. Of the
group tested, t%ehty-five were-eigﬂt year old§, twenty-seven were nine,
twenty-.one were ten and twenty-one were eleven, Prior to the test
period each subject was ranked, withinﬁhi age category, on each of the
four items by the head coach of his age bracket. All subjects were
tested three weeks after the start of thé program on four ice héckey skill
tests: forward skating Speed backward skating speed, skating agiljty

and puck carry. Two trials were given for each test item and data ana-

lysis wat based upon the better performance of the two trials, The mean
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scores in seconds for the four age groups ranged from 29,9/ for eleven

year olds to 39,02 for eight year olds in the puck carry item, from

6.77 (elevee year 6lds) to 7.75 (eight year olds) in forward skating

for 120 feet, from 10,57 (eleven year olds) to 14,25 (eight year olds)

in backward skating for 120 feet and from 20,22 (eleven yeer olds) to

23.00 (eight year olds) in the agility item. As a result of this

study, 1t appears that the eight and eleven year olds shauld be grouped

homogeneouslyldithin their age bracket, whereas the data indicated 1ittle '

difference between the nine and ten year olds in the four skills.'
Hockey Canada, under the 1nvestigation of Hansen et al, (23),

is actually conducting a pilot study on a battcry of hockey skills tests

to develop nomms per age and age group, The battery of tests will in-

clude four items: forward ska}ing, backward.skating, agility and pu;k

control, On the forward and»béckward skating, measures will be taken

at the 60 feét, 90 feet, 120 feet marks with the start on the net red

line and the fi:sf‘mark at the first blue line, secand mark at center

red line and third mark at the faf¢51ue line, The agllity itenm takes

place in the center between any blue line and the center red line, The_

puck control test takes place between the net red line and the first

blue line,” The tests will be ldentical for all age groups. There is

no data actually available but it éppears that the followiné times per

test are appropriate for the eight-nine years old groupx ‘forward skating

90 feat, 6,0 seconds; backward skating 90 feet, 9.0 secondsy agility,

13,0 seconds, ‘No time was given for the 60 feet and 120 feet marks in

-«
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forward and backwarg skating and puck .control items,

These studies on the construction of hockey skill tests for

sbreening purposes or age ‘grouping will help the coaches and tratners

in the building of norms and teams,

s

L)
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CHAYTER III

HETHODS AND FPROCEDURLES

SAMPLE | {

The twenty-eight subjects were children from the communities
of Malmo and Michener Park in Fdmonton and were all elght years of
age as of December 31st 1973, The hockey group was a teém of fourteen
representing the Malmo community in the Little Richard * ague, ) Four
of them we?ﬁ)nine by the time the season ended, The control group
was made oﬁ fourteen volunteer children, non-hockey players, from the
same comm;nities, and one of ‘them was nine when the season ended.

The hockey team finished second in the City of kdmonton for that age

group,

| TESTING CONDITIONS

The,testing Was done at the Un1versity of Alberta, in the méin
gymnasium forlthe fitness tests and in the physiolqu laboratories ~
for the PW'C170 andvstrength-meésurements. .Neither the temperature nor
the humidity were cbntrolled. All subjects wefe tested before the
hockey seasdn started, in the third week of Navember 1973, for the
hock;y group, and the first week of December 197§'for the .control group}
the same subjects were tested again at the end of .the seaséﬁ)vafter
fifty games, in the first week of April 1974, For the 'hvéckey group,

the hockey skill tests were held on an outside hockey rink, the pre-
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Season on December 6th 1973, and the post-season on February 13th
1974, at 5500 p.M. for both sessions. The temperature, both tines,
was between 15 and 25 degres F. above.Zero, thus the ice conditions
were different on each occasion, Tge activities done outside of the
hockey practices and games were not contr8$£841—£Q< the hockey group,
neither were the activities of the control group during the whole

season,

TESTING PROCEDURE ~ : -

Entering the room, before testing, the subjects were weighed

pasured in inches op a Detecto-}Medic scale, Bi-~

filiac measures were taken with a Millimetric L shaped
ruler‘ ;1ding arm, Then the subjects were tested for a PWC17O
on a mf" onar “bicycle ergOneter following the usual probedu*e
as éxpig— ‘by Howell and Macnab (26) They pedalled fdf“twelve

ree periods of four minutes at increasing work loads to

minutes,'
bring thef ;Teart rate up to or near a Steady state of 170 beats per
ﬁinutes. i)he heart rate was recorded on an E,C,G, Sanborn 500 Viso-

Cardiette via patient leads connecvod to the subgectu by three‘elec-
trodes,Atwo attached to his chest and one to his back on the right
side, - |

Following the bike test on subsequent days, the subjects'per-
fcrmed the "CAHP?R fitness-performance tests" (24) in the main gym-
nasium;

a) the 50 ya ;ﬁas a timed stralghtaway sprint run in pdirsf




b) the 300 yards was a timed six tipeg 50 yarﬂ§0§traightaway, back
and forth aroung markers, 1t was also run in palrsg
c) the shuttle run was a back and forth yup betw?yn two lines,
thirty feet apart,  The subjects had to pick up a spaly block
from the far line, bring 1t ang put 1f on the starting 1ine, run
.back, prick a second block and Tun across the Starting line, The
subjects pad to start lying on the Iloor, face down, Thé'time
Was recorded in seconds;
d) the one-minute speeq Sit-up test 1, which the supject starteq
from a back-lying pPosition, knees flexed, feot flat on the floor,
Sat up ang touched both elbows to hig knegé, then returneg to.the
starting ﬁosition. Thé number of tipesg wa;”recozdedx
e) the standing broad Jump in whicha distance from a take-off 11pe
to the nearest point of Teception’ frop that line was neasured ip
inches; “
f) the flexed aprm hang in which the subj;ét tried to hang aé long as
bossible from an horizonta] bar, The time was recoided-in Seconds,
Strength neasures yere taken in thé Strength -laboratory. A
8rip strength test was perfofmed using a Sﬁéélting adjustable grip
dynamometer. Both hands Were tested apg the resuit of two contractions
Were recorded for each hand, The best resylt was retained, Using a\
modified~model of the new Hettinger chair, built in the machine shop
of the University of Alberta by +tihe technica] services, and equipped
with a speclal seat for chi]dren, strengq%nmasures Qere takeh on amm

extension and flexion ang knee exteﬁsion, for the lert slde only,



32
Measures werc made with é cable tcnsiémeter nodel TS, serial numbe}
10945! by.PaCific wclenthfic Company, and calibrated before each
sesslon of testlng. (dnversion tables in pounds from the tensiometer
units will be found on Appendix A. Two trials were performed for each
test and the best one was recorded, The starting angle waﬁ 900 for
all tests, with the amm parallel to the floor and £he leg perpendi-

cular to the Tloor,

DESCRIPTION OF HOCKEY SEASON

The hbckey géroup had a season that went frop {he end of November
1973 to the beginning of April 1974 a&d was quite intensive for eigﬂt
year old childrén: They played 50 games in this pexriod, counting
exhibition matches, scheduled league games, playéff and tournament
games, They also had 20 official practices of one hour in duration,
They were encouraged to skate as-bften as possible and averaged 41

times each of free skating. Thus the players avereged a total of

111 times on the ice during the season, A1l games were played

/

regulation ice surfaces and using regulation nets and pucks

15 of the 50 games were played indoors.

 STATISTICAL PROCEDURES AND EXPERIMENTAL DESIGN
%k two-way anélysis of variance fixed effects, with repeated
A}

measures on same subjects, factor B pre-pust was used (Winer (48)).

The two levels of factqr A were the groups tested;
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a) - hockey éroup

"b) control group,
The two levols(of factor b were;
a) pre-season values
L 4
b) post-season values,

A oneé-way analysis of vatriance ¥ith repeated measures on the

same subjects was used for the analysis of the hockey skill tests data

(Winer (48));: ‘ "} :
Factor A Was: a) subjects ‘&
Factor B were: a) pre-season values
b)' post-season values

Means and standarg dLViathho were calculated for each parameter
and will be found under each raw score columns, 1in Appendix g, All com-
putations were made with the IBM 360 computer at the Univer:ity of
Alberta, The significance ievels used were 0,01, 0,05 and 0,10 for all

One~way and tvo-way Anova,
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RESULTS AND DISCUSSION

/
The stdﬁistjcal analysis summaries of each Individual variable
s found in Appendix C. A summary of the statistical analyses (Two
Nay Anova, gepeated Measgres on One Variable) is included in Table v,
The ¥ values far A effects (Groups), B effects (Pre -Post) and AB
interaction‘are given as well as an indication of the level of signi-
ficance, Three levels of significance are reported that is ,01,
.05 and .10, For the Purpose of the- discussion of results which
follous the level of ,10 is considered to be the minimum acceptable, The
results of the ANOVA analysis for any given variable falls into one
of six possible ca S6S. A seventh where no significance is observed
can be qQuickly dismissed, The six cases may be outlined as follows,
. '% )
CASE 1
" A, B and AB alivsignifican€2
‘.Thére is a significant difference betveen groups, between
testing periods (pre gnd post),,andhbetween the slopes of the improve-
ment Qf fhe two groups, Thisg latter observation would suggest that .

\ N
one group improved at a greate® (or les ser) rate than the other,

CASE 2

Ay B significant; AB not significant,

34
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There is a significant difference between groups and between

testing periods but not between the slopes of the improvement of the

two groups,

CASE 3

A significant, b and AR not significant,
There.is a significant difference between groups but not

between testiné periods or between the slopes of improvement of the

two groups,

B significant, A and AB not significant,

Same as case '3 but the significant difference exists between

testing pericds,

A significant,
4

B not significant, AB significant,

There is a significant difference between groups, but not

between testing periods. The significant interaction s suggests that

the :slopes of improvement between the two groups id different,

CASE 6

A not significant, B Significant, AB significant,
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There 1s a significant difference between testing periods but
not bétween groups, However the significant interaction suggests

that one group may be imprdving at a greater rate than the other,

ANTHROPOMETRIC DATA
The;physical~characteristics of the subjects are reported in
Table I, The post-season méan ages were 105.6 months for the hgikey
group and 103,56 montss for the control group, Since four months
separated the post-season testing‘and the pre-geason testing, ‘our
subjects from the hockey group and one from the control group were
nine years of age at the post-season testing. Chronologically, the
hockey group was 2,1 months older than the control ‘group. Names and
dates of birth of all subjects are in(Appendix B. .In the case of
helght and weight there is a significant difference between testing
periods but not between grouﬁ;. However a significant interaction
suggests that the hockey group may be increasing at a greater rate,
The mean height and mean weight of the control group increased
'respectively 0.25 inches and 1,2 pounds, The hockey group mean height
increased 0,58 inches and the mean body weight ‘increased 2,3 pounds,
going from 59.7 to 62,0 pounds, ‘The bi-iliac width increased very
slightly, for bbth,groups, however this increase was.nst staﬁistically
Signifgcantf The bi-acromial sidth increased significantly as indi--
:cated by‘the.two-way Anova.’ A significant difference tetween testing
periods wss observed but not betiween groups. However, once again, the

significant interaction suggeets that one group may be improving at a
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greater rate than the other, Q\\\
The mean of the control group increased 1.0 cm and the hockey
group mean increased 0,4 cm. The data shows'that the hockey group

was taller than the conirol group, but lighter, although the increase

. " \
in weight was greater in the hockey group,

RESULTS OF THE PHYSICAL WORKIKNG CAPACITY TEST
- The pre and post season values for the PWCI?O are reported in

L

Tablg;II. '
Following the post-season testing an increase of 42 Kgm/min
(10.5%) was observed in the hockey group means comééred to an increase
of 15 Kpm/min (3.8%) for the control group, As for the PWCI7O/Fg of
body weight the observed increase in the hockey group means was
0.95 Kg compared to 0. 26 Kg for the control group. A two way Anova

tofor the PWCI?O revealed a significant difference between tesfing
periods but not between. groups, Howevér the significant interaction

v suggests that the hockey group may be 1mproviné at.a greater rate than

the contnolhgroup. Identical flndings appeared with the two-way

Anova on the P,qcl?o/xg.
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RESULTS-OF THE FITNESS PERFORMANCE

Pre and post values for the-fitness performance items are

reported in Table ITI. - B | | /

50 yard run

The pre-season mean values were respectively 9,3 sec, for the

control group §nd 9.0 sec, for the hockey group. The control group

AN
mean improved O.3\§i0. in the post-season test as compared to a 0,1
. . .

sec, improvement for the gockey group. However the two-way Anova

reveals that there is a s8ignificant difference between groups and

between testing periods but not between the slopes of the improvement

of the two groups,

©

300 yard run

_— e e e

“Mean scores for the controi group improved 1,5 sec, from pre-
. Y. 3
season to post-season, and the hockey group mean scores increased

1.9 sec, from pre to post-season, ‘A two-way Anova showed a signifi-

°

.cant difference between grouﬁs and between testing periods but not

o

between the slopes of the improvement of the two groups,

. Shuttle run

The control group mean times were lowered from 13.4 sec. to

12.8 sec., on improvement ofa0.6 of a second. The hockey group mean

. scores for the shuttle run improved-1,2 seé., from 13,0 sec. to 11.8

sec., A two-way Anova revealed a éignificaht difference between groups,
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betveen testing periods (pre-post), and between the slopes of the

improvement of the two groups. This latter observation would suggest

that the hockey group improved at a greater rate than the control group.

Following the four month hockey season, the control group mean
decreased 2.4 sec, compared to an increase of 18.1 sec, for the mean
time score of the hockey group. A two-way Anova revealed a signifi;
cant diffefence between groups, between testing periods (p;e and post)
and the slopes of the improvement of the two groups, This latter ob-
serQation would suggest that the hockey group improved at a much

greater rate than the control group,

‘)
_....——-—-.—._‘.

The mean scores of the control group were 52,24 inches at pre-
season and 50.50 inches ét post-seasoﬁ; a decrease in performance of
1.74 inches, The hockey group mean scores were 56,04 inches at pre-
season and 55,70 inches at post-season, again a decrease of ,34 inch,
A two-way Anova showed a significant difference between gfoups bu£ not
betwéen testing pe;iodélor between the slopes of improvement of tpe :

>‘two groups,
Stt-ups
The pre-seasoy mean scores for both groups, control and Hockey,l

were respectively 19Y9 and 33,2 times in cne minute, The post-season
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mean’ scores were 23,9 for the control group, an increase of 4 tires,

and 30.0 for the hockey group, a decrease of 3.2 times from pre-
) ) 4
§eason, The two-way Anova revealed a significant difference between

groups, but not between teéiing periods., The significant interaction

suggeb§§'that the slopes of improvement between the two groups is

different,

RESULTS OF THE STRENGTH MEASUREMENTS

The pre and post values fornthe strength items are réported

in Table Iv,

S

. \\ w
The méan scores for the control group'increased 3.1 pounds

(36.1 to 39.2) for the left grip and 1.7 pounds (38,0 to 39.7) for
. the right grip. The hockey gTroup mean scores increased 3.9 pounds
(39.4 to 43,3) for the left grip and 2,9 pounds (40.0 to 42,9) for
the right grip, A two-way Anova performed on the means revealed a
significant difference b%twéen testing periods but not between groups
or Qgtween the slopes of improvement for the two groups.
Arm ‘strength (arm.extension and arm flexion, Jeft only)

—_~.~...—_._—.___....—~______—-_..~....‘._.___

Mean scores for the control group improved from 14,0 pounds

to 16,2 pounds (2,2 pounds) in amm extension, #on pre to post-éeason,’
and a decrease from 19.3 to 18.8 pounds (0,5 pound) was noticeanin arm

flexion strength,” The hockey group mean scores improved 4,4 pounds

’
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TABLE Vv
TWO%KAY ASOVA WITH REPEATED MEZASUKES On SAME SURJECTS

ANALYSTS OF VARIANCE RESULTS (F VALUES)

N.B. Significant at .01 ¥4, at ,05 *»

y at ,10 =»,

A EFFLCTS B EFFECTS INTERACTION
(GrROUPS)  (PRE-POST)
HBIGHT - 0,70 20,38x2x 2,84
WEIGHT 0,66 56,59 5.80%
BI-ILIAC 0.006 1.64 " 1,01
BI-ACROMIAL 2.39 24, Qlyxex 3.50*
50 YARDS 2,77+ 5.70% 0.78
300 YARDS 8,03%#+ . B8.02%xs 0.07
§§UTTLE RUN 5.69%s 35.98%x» 3,77
EX, ARM HAN 37 .26% %% 6, 00%* 9. 95%*
STAND. LONG JUJP 7.28%%¢ 1,49 0.70
SIT-UPS 11.24x#% 0.08.\ 5.93%%
GRTP STRENGTH 2.01 30, 30% % 0,47
. (LEFT) A
N -

GRIP STRENGTH 1,14 630 Ny oL
(RIGHT) . Vo ;

ARM STRENGTH 0,06 18, g7+ 4+ 2,14
(ARM EXT.) ‘ . ‘
ARM STRENGTH 0.06 0.74 2,78 \
(ARM FLEX.) , o

LEG STRENGTH 0.37 1,65 - 0.77
(KNEE EXT.) A o
PHC 0.24 23,62k Se16%+
PWCI?O/Kg 008"" 9028*** - 3.0@2‘{ \\‘

<
LY
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(12.5 to 16.9 pounds) in arm extencion and 1.6 pound (18.8 to 20,4
« pounds) in arm flexion. A two-way Auova showed, for the arm extension,
that a significant difference exists between testing periods, not

between groups OT between the slopes of improvement of the two groups.

For the arm flexion, no significant difference Were found.

s

No significant increase Was noticed for the knee extension and
for both groups the improvement was Very small with the control group
mean increasing 2.7 pounds and the hockey group mean improving only

by 0.5 pound.

RESULTS OF THE ICE HOCKEY SKILL TESTS

Pre and post values will be found in Table VI.

The one-way analysis of variance results (F values) is reported

in Table VII for each item. The statistical analysis summaries of

£,

each item are found in Appendixwﬁx nﬁgi

s

Forward skating

No significant difference was observed in the meanlfimes between

pre and post-testing at 60, 90 or 120 feet, A nOn—significangyimprove-

i ment of 0.2 6f4a second was noted in the 120 feet times.

Backward_skating

No significan% difference was observed for 60 ard 120 fect.



4y

However a 1(11f1gawt 1nprov ement was observed for the Y0 feet test
The increase from pre to posﬁstostina in the 60 feet time was 0.1
second., In the Q) feet toxt, the mean tine improved from 7.0 to 747

seconds.,  For the 170 feet mean scores improved 0,3 second.

Acility .

Here, the one-way Anova performed on tl.e means showed a signi-
ficant inprovement 1n the mean times fronm pPre to post-testing, The
a

.Post-scason nean time was 1 second better than the pre-season mean

time‘ﬂoing from 13,7 to 12, 7 seconds, P

Puck control

The mean scores 1nproved 0.9 second frea pre to post-testing,
\

That imﬁrnvemowf was significant as showxn by the one-way Anova,

s N

<

¥
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TABL® viI]
ONE-WAY ANOVA WITH REPZATHD MEASURES ON SAMp SURJ 5CTs
ANALYSIS OF VARIANCE R=SULTS (F VALUES)

HOCK®Y SKTLL TisTS

TREATMENTS EFFeCTS
(PRE-POST)

.__,~__~_________,~____________-~__~____~__________~_________,__

SKATING FORWARD 60" 0.28
.90 0.78
120 i 1.77
SKATING BACKWARD , 60* 0,76
. 90' [4,.1;9*#
120° 2,92
AGILITY , R22,96%x+
PUCK CONTROL ' 4,16#

v

N.B. Significant at 01 %% a4 <05 *+ at .10 *,
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DISCUSSION

Two unique characteristics of this study are; first, 1t has
been performed on boys of eight ye;rs of age whereas most other 
studies (2, 3, 8, 10, 12, 15, 17, 19, 20, 28, 33, 38, 42, 46) have
been pérformedicn older children, and second, 1t involves trdining
at a relatively high intensity. The boys played hockey on a highly
competitive level, during a season which lasted four months, Thev
f}equency of games, practices and skating time was fairly high for
eight year old boyé. Most studies involving eight yedr old boys
(1, '9, 12; 14, 16, 24, 25, 26, 27, 40) have not taken into account
a'training factor aéd have becn merely nomative measures of the
physical working capaci;y (1, 9, 14, 16, 26, 27), physical strength
(25, 27, 40) and per{sfmance of children on épecific items (16, 24,
27). It is then possible to compare the pre-secason results of this
study for both control and hockey groups to measures obtained from
these studies. These compariéons indicate, pessibly, the diff;rence,
if any, in the level of fitng§§ between the groups in this study ang
other boys of the same age, The mean scores are compared, In
Adams et al. (1) the eignt year ola boys who were studied
(11 subjecté)*had.a‘mean height of 52,4 inches and a mean weight of
66 pounds, Their physical working capacity mean score was 438 Kegm/
min, Like most oth;r studies, tha work‘of Adans et al., pointed out
the very high correlation of physical work capacity with surface

area, height and welzht, The study emphasized the fact that boys



possess significantly greater working capacities than girls, even at
a smaller surface area, Cumming and Cumming (14) performed a similar
anaiysis on ¥innipeg school population, Their five §ubjects of elght
years of!age had a mean height of 52,8 inches and a mean body welght
of 66 pounds. The mean séore for the Pwé17o was 457 Kgm/min. Preli-
minary observations in that study suggest that the working capacity
of winnipeg children is slightly lower than that of children studied
on the same type of bicycle in"Sweden and California, Possible
reaéons for this statg of affairs were discussed, Working capacities
of children of high académic standing tended to be lower than average,
but working capacities of private school children e#posed to more
physical training tended to be higher than average. Neither of these
‘two studies reported values on the.PNC17O rer Kg of body weight,
However they can be calculated from the data presented, The CAHPLR
study by Howell and Macnab (26) reported for their IOIVSijects

(age eight) a mean body welght of 60.8 pounds, and meaglscores on fhe
PWCI?O of @851 Kpm/min, and 12,71 Kpm/min, per Kg of body weight.-

The analysis of the data obtained in the Canadian study in-
dicates a;continuo@s Increase in mean chl7o-for eacﬁ age group ob-
served in the male sample, Throughout the entire age range the males
- are superior to the females,- EXpressing the work capacity data as,
P”d17o/Kg of body weiéhf reveals a rather steady value for males
th;oQghout the qntire age range, It has also Scen‘found that when

R . 7 o
the correlation coefficients are calculated over the whole age range

-
»

7 .
investigated, it increases remarkably.

Y -
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In the present, study, the 14 subjects of the control group
(age eight) had mean scores of 51,6 inches for height, 63,3 pounds
for weight, 394 Epm/min, og theiPWCl7o and 14,03 Kpm/Kg of body
welght, These subjects were 61ightly smaller in size'and welght of
the Ad&mg and Cumming's subjec£$. ‘The ch17o values were much lower
since they had a meun of 394 Kpm/min, compared to 438 and 457 Kpn/
min, But the control group in this study had higher mean results
than the CAHPhR sanple since the mean score was 351 Kpn/min. compared
to 394 Kpm/min, and 12,71 to 14;03 Kpm/Kg of body weight, The
control sample of fourteen boys were heavier than the C&nadian>
sample (mean weight of 63.3 comparéd to 60.8 pounds), The hockey,
group of this study (14 subjects of eight years of ége) had mean. scores
of 52,19 inches for height, 59,7 pounds for weight, 391 kpm/min. on
the chl?O and 14,54 én the PWC17O/Kg of bedy weight., Again thése
subjects were lighter and shorter than Cumming's and Adams* sample,

and had a lower mean scores on the pPyC Since they had equal or

170°
better scores than the control group, they were also better than the
Canadian sample. A summary of the different studies (Table VIII)

emphasizes the obtuined results. It should be enphasized that only

in the study of Howel: and Macnab (26) was a large number of subjects

~ studied in order to&establish meah values,
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Analyzing these compared results, we can éssume that both
groups 1in this study fit in the normal Canadﬁanepopulation and even
say that their physical working capacity is slightly better than
the normal population. Since no studies have been performed on
eight year old boys involved in training it 1s then impossible to
compare the post-season results of this study with any other ones.
Examining the results closely, the tWo-way ANQOVA indicated a signi-
ficant increase from pre to past season as well as a significant
interaction for both the PWC17O apd.PWC17O/Kg body weight, On the
P70170 Ahe mean scores of both groups at pre-scason were respectively
394 Kpm/min, (control‘group) and 391 Kpm/min. (hockey group). The
hoékey group mean scare increased to 1#33.Kpm/min.v 2 difference of
’42 Kpm/min, from pre-secason compared to an increase of 15 Kpm/min,
for the control groﬁp. Per.Kg of body welght both groups also in-
creased thelr mean scores, 0,26 Kpm/Kg for the control group and
0.95 Kpm/kg for the hockey group, Since the hockey group was lighter
than the control, even at post-seaspp (64,5 pounds to 62.0 pounds),
.-and since the AB interactions are significant it may be suggested
that the significant increase in both Kpm/min, and Kpm/Kg of body
weight for the hockey group ovef the control group‘is due to the - .
infiuence of the hockey Seasoh, in fact to training,

This suggestion might be reflected in the other parameters
studied, Bradley (11) in a study at the University of Illinois used

. .

' the AAHPER physical fitness test to examine the influence of eight;

week of sports and physical training on the physical fitness of
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e .
boys betweTn the ages of seven and thirteen inclusively, No age group

results are given, but on similar items used in his study and the

presént one, comparisons are of interest. 1In the 50 yard run, his
subjects had mean times of 9.0 seconds (pre-test) and %.8 seconds
(post~test). The control group in this study had mean times of 9.5
seconds and® 9,0 seconds and the hockey group recorded mean scores of

. 9.0 scconds and 8,9 seconds, which compare well wlth Bradley's results,
The standing troad jump‘mean results show a much betier performance in
(}he I11inois study: 58.2 inches and 62.4 inches respeétivély in pre

;nd post-test, The control group in this study had mean gcores of

52.29 inches and 50,50 inches respectively, and the hockey group, mean
scores were 56,04 inches and 55.70 inches., No explanation is appyrent
to explain the decrease in long jump reéults for both groups in the .
pfesent study., The Shuttle run meaﬁ scores Qere also much better in

the T1linois study, as well as the sit-ups mean scores. Bhsed on the
investiéaiion,,Bradley's conclusions were that the changes which tcok
ﬁlace in items which purport to measufe muscular strength andrgndurahce;;
power and eardiorespiratory endur;nce were significantly greater for '»
the boys.in the organized program, No-changes appeared in the items
"which measure épeed, agility and coordination. Cumming andlKeynés (16)
used the same test as the present study to measure the Titness of
Winnipeg school children (39 subjects, boys aged eight) and correlated
the results with their:physical working capacity and ma;imal oxygen

uptake, In addition Hayden and Yuhasz (24) performed a national

stﬁdy involving 11,000 subjects from seven to seventeen Years of, age
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from which nationzl norms were estsblished. The sample of elght year
old boys totaled 580, 1In Table IX are the me&Q results of these two
studies ard the mean scores of both groups (pre-season) from this
study.

The analysis shows that both groups from this study compare
very well with the studies of Cumming and ¥eynes (16) and Hayden and
Yuhasz (2&), On five of the six items, the hockey group mean scores
(pre-season) were better than the scores for the other two studies,
In fact} the meaﬁ ccore ior the hockey gfoup eiéeedcd the 50th£ for
the 300 yards, the 85th)? for the standing broad jump ana speed sit-
ups and the 75th3lfor the flexed arm hang and the 50 yardg in, the
Hayden and Yuhasz silwty, The shuttle run mean scores were equal,

The control grecup of this study had better mean sctores than £he two
merftioned studies in the 300 yard run and the standing broad.jump;
but \ower scores in the sit~up lest and the flexed arm hang.. These
compared results indicate that the hockey group of this study is well
gbove average, Statistical analysis revealed that‘while a difference

existed between groups and between pre and post-season, no difference

in improvement slope existed in favor of the hockey group for the 300

ya;défand 50 yards, In the case of~t§€ shuttle run and the flexed
arm hang similar statistical results were cbtained ezcept that a
sugéestion of increascd rate of improvement on the paft‘of the hoékey
gfoup is indicated; In the siandigg 1ong,jump only a significant

difference between groups was observed, In the case of the speed

sit-ups the gl ey group was superior but decreased slightly duringx
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the scason while the centrol Croup increased slightly,  In general
with these mean post-season feores, the hockey group has much better
results than the control group dnd the other studies referred to,
Two studies reported measures of strongth taken on younsg
children inqluiing cjghi year old boys,  both studies caphasized the

fact that strength increases reqularly with are and is a function or

growth,  Torpey (B0) reported a mean scor of 70 pounds on the leg

’

/
extencion test of 40 boys of d}adm three, with no specification of
, L

i /‘
age or weight of his subjects., Howell ct al, (25) studied a sample
—_— —

of the Alberia school populqtiog and did & much more sophisticated

/

analysis of strength, In Table Xy the mean scores (in pourds) of
Howell et al,'s are compared with the mean scores (pru-seasqn) of

both groups of this study, for eight year old subjects,
These COmpdrvd measures indicate that the Alberta sample was

- rd . . . -, B
much stronger than this sample on arm extension, arm flexion an knée &

»

xtension, Dut the sample from the precent study had higher mean

‘

scores in both lift and right grip strength.,  Although significant
) ‘ '
increases were noticed in the left grip strength and the arm extension,

ayd also in the right grip strength, the mean ost-sewson scores were
¥ & Grip ’ P

. ) .

1111 much lower than the mean scores of the Alberta gample on these
three specific items, namely arm extension, arm flexion and knee

extension, An explanation of the above results is difficult,- It

should 1+ g | however, that calibraticns and standardized

ult using the strength chair and cable fensio—

K
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A

KNzE
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fz,

254

AR EXT,

AUTEOR

RIGHT

LEFT

51,¢C

33,0

27,0

32,0

.‘3809

9.3

<

4

38,0

6.1

1l+(c).
14(H)

.THIBAULT

18.8

.0

39.4
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meter techniquen, Surther study e recomnendad to Verify the oboerved
differences,
One of the natn objoets of tihis Study was to meanuro the in-
“
Tuence of a Hockey ceanon on the phyvaicen Sltnean of eicht year o014

boys, Ao 14 Was o indicated carlier, very Tew studico have been jer~

forned on hoeky player:, spreifically CXamiiing the cftecet of blaying

- 2
hockey, Conpetitively qing ‘lntoxxr';iy(*lj,', as a means of training ang

Increasing the rhycical fitnec. of youngr chilore:, 711 wWas afpropriatc
to include irx'thi:: study measurements on a hodkvy skil] test developped
by Hansen ctoal, (?3) for Hockey Canada, A5 or yety no data .ig avajil-
able Trom that rpitot study, therofor: .':Ov Cuiparison can be pade With
this stuly's data, cerrifield anqg £alford '\'37) did porform a study on
elrht to eleven year old boys in tthaca, ew YOTk, on specific heckey
Itene,  The only possible com;:fudf,;(r: with thig study was on the Torward
and bacl-;wani@:sI-’.zlt)n{t (120 feet) whoere pear times, for eight year old
bovs, were teepectively 7,75 seconds and 1, 25 secends, which is much

slover than the present sample moean Pre-season scores of 6.7 seconds
3 1 4

and 19,5 seconds “or thi same itenms, of Course, this sample of foyur-

teen hockey players wae not an ordinary croup for that afe bracket,

. ) ' ° ‘.;‘ v
Since they had a four notith season, Tlayed Fifty pgames ang Fixisned
secoad In their ag. froup for the city of Edmonton Championship,

The oaly sigfificant improvements in the Skaling Lests were in
the agility ttem ang 1y backwand skating (90 feet), Otherwise, the
resulls were very close Trop Pre 1o post-scason, It should bve recalleg

. ;

that the hockey skill tests were perfovned 1 an outside skating rink

ot
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CHAITER Vv ¢

SUMMARY AND CONCLULTONG

- ¢

The Influence of a four month hockey season on the physical
]

Miners of chiltdren vas determined on a group of fourteen hoclkey

(.W

plavers of cirnt rFears of age and cempared with the fltness of
. » \ = .

*y
:

fourteen non-hockey players of the same age,  The tests used were as
follows; YKCITO on a bicycele erponeter, a fiiress performahce test,
fertadn et pongth heasurenentis, plus séme anthropometric data.‘ In
addition, the hockey group performed a hockey skill test,

For the anthroponctric moasuros,”signjficdnt increases were
noticed in tihe helght, weloht ang bi-acrominl iteps from pro to post-
testing,  Tdentical Cindings occurred in the Pre and PW& /Xe of

170 - 170
body welent. In all S81x items of tihe {1iness performange tests,
slgrificant dif{ferences were foundg betwoen.groups anq significant
improQomunts were found in four of the six Hews. 4s far as strength
is concerned, in the ﬁrip“strength left and- right and the arm extension
significant increases were found from pre ‘to post-testing, 1In the
bockey items for the hockery group, significant increaccs between
tesfing periods were found ip backward skatinz (90 feet), 1in the
agility and puck control tests;\\‘

However, in sone Hers, ne sirnificant cifferences between

3

fore

*nm

L

o

roups andg no Sl”ninC&Ht iDTrOVEJEnfS wWare evident. Thesa
I ¥ b
. 4

includeds bi-iltac measure s, arm stirength {arm flexlon) ena leg

°
IS

4

v
oN .
N .

g
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R

Strvfrlﬁ‘,t?l (knee extension), A?;‘.o.]ookln(j .":ts“thc: hockey skill tesq
rdsulﬁs, no significant tnprovements wojo found 1in forwani skating
for 60 feet, < feet and 120 feet ang backward srating in thé 60 feet
and 120 fevt ftems,

Exanintneg 4he resuits of {he anthroponetria data, sipnificant

£
Pre-post scanon {ncereases in height, weleht and bl-acromtal neasures
A

were found, Althouph the 1iteratyre ts not clear on the subject of
the effect or rhysical training on frowth rate in childpen the signi-
ficant An interaction 1n the present‘study for height ang velpht sugeests
a more rapid frovwth for tne hockey froup in their four mentn hockey
season, »This larger increase may inVOlVevéfoCtS from training ang
playing hockey,

Since statiﬁﬁ§ca11y signlficant increases were found for the
PWC17O (10.5% %or the hOCkSylﬁ¥Dup and 3.8% for the control'group) it
is pdgsible to suzgest a traini;g c fecé fron the hockey Season for
that proup, The 3.87 increase of the control group is probably due to
nornal ar0w£h. The signtficant increases in the PHCJ7O/Kg of body
welpht alss svgrest an effect of training for the hockey group, Once
again the contyrol group incri-ase (.26)'15 prelarily 5 result of growth,

The 1ncrease os¢ <95 Tor the hockey CTOuUp mighi ~a:%in indicate a

training effect from the hockey segury that would Support the similar

L

/

/

finding on the chlyo: . . .

- . -

Since significant differences wero found vetveon Zroups in all
5ix items of tne physical fitness test, 1t i3 possible to cencluge

that the hockey'group, because of their better scores in all six items,

%



(’\/I

¥as supertor to the control fgroup at the besinning of the season,
Examinirg the sipnificant pre-pest scason inereases in four of the
8ix items, 1t is possible to polnt out that the small increase an the

0 yard run favours the contro! reupy the hockev group had a larper

3 ¢ } Y oE f

{
Increase 4n the 300 yand run, 1,9 second 4o 1.5 sccond, but 1t ig
difficuli to sugeest a training effect heree  In the shutile un, the
Increase was again larger for the hockey proup bui again i1t is difficult

to imply a traiming effect, However on the flexeg am hang test, the

control group suffered a decre while the hockey grceup had a large
increase of 18,1 doconds. This may\ be explained by & training effect of
the hockey Seazon, bul also by the deoire of the hockey gfoup to perfom
well, since a goodiresult on this {tenm may reflect desire and drive,
a5 nuch as purc strength, But the sigulficant resulis of the strensch

' ’ ¢
tests, especially grip strensth, enphasive the flexed am hang high
scére for the hockey group; The hochey £roup was far éupurior 1o the
control group at the Leginning and end of the season 1in speed sit—u,s;
However they did not imp}ove durirg the season probably duc to their
high performance on 1ihis item.l It is very difficult toAimprove beyond

o

40 sit-ups per minute. .

No training effect for the sirength measuives was revealed by

the statistical analyses performed, Iin fact no significant ¢ifference

between the two Eroups was demonstrated. The signif!cant-pre~post

1

seeson incrrases for both Broups are atiridlitacle {0 norpal growth,



65

In the hockey skill teste, significant lucrcases were found in
backward skating (G0 feet), the agllity test and the puck control
test, These Increases wor:g small and tt 15 surprising that gcater
increates in these items, and Sl({llif‘1C3!lCl‘ in all other ftens was not
found., Three factors: probably contributed to these resulls,  The
first ice cenditions han pn;vio'u;\ly been discussed,  The second was
that for these 1tens E‘an two ronths separated the pre and post-
testing sessions,  The thid was that most of the hockey group hagd
attended two or more hockey schools before the season began,

ot

o~
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APPEIDIX B (\

subjects' names and deites of birth



HOCERY Grour

NANMIE

ANTONTUK M,
CARLSON K.
DONADT K,
DONALD G,
HOLLATE .
JONES B,
LEISEN B,
LUND G,
LUND T,
MACNAB B,
MILLICAYN P,
ROBERGS D.
TRACHUK 5,
WOZNIAK 1,

SURTECT?

hAONY

DATE OF nipTH (brY,

12 -
11 -
26 -
24 -
16 -
06 -
i3 .
12 -
12 -
16 -
21 -
15 -
25’..
03 -

01
06
03
06
12
09
07
07

H, YEaR)



' ' SURJECTS

_vﬁf—-//””jkfj>

o
< . B . ’ /
CONTRO1, GROUP - -
NANE : DATE OF BIRTH (DAY, }OUTH, YHAR)
BELLO¥ J . 19 - 07 - 65
BETTCH:R D. - - 09 - 65
CHARUI A, 08 - 12 - 65
COLVIN T. 18 - 09 - 65
DEVLIN J. 17 - 05 -~ 65
GYNAME S. 01 - 04 - 65
HALLS G. 03~ 01 - 66
1cLEOD S. 22 - 09 - 65
ﬁcPHERSON K. . 21 - 06 - 65
\b\}Ib‘SOURI D. 08 - 10 - 65
MITTAL P. 13 - 05 - 65
COSTERHUIS L. , . 313-08 - 65
SZASZKIEWICZ P. 30 - 10 - 65

WOZHEY D. - 15 - 06 - 65
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APPENDIX D

Summaries of one-way Analysis of Variance

'6n items of the Hockey Skill tests
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Raw scores for all subjects on every item
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