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‘ of their hockey season (30-40 games)‘ The test batteries

‘ _ ABSTRACT 4 ;
The purpose of this study was. to evaluate the effective{sk .

‘vness of a battery of Hockey sklll Tests (proposed by Hockey

'Canada, 1970)in predicting performance in. playing hockey for o

4a homogeneous group of elght year old boysand to compare

1t to two other batteries of ‘tests that were not directly re-

L lated to hockey.: f"-fkq-" | thg

Fourteen boys (mean age 105, 6 months) all members of i

the same’ team, were given three test batteries near the end

'were identified as ﬁockey Skrll Tests, Laboratoryr&ests and

_”Field Tests qf fitness performance.k

{ Multiple regression equations were computed for each

kS

'-battery of tests and elements from each battery were mixed

tc produce the best prediction equation for the performance .

4 |

‘ criterion of this group to play hockey. The performance -

-8

4cr1terion to play hockey was evaluated by the coaches of. thep7l{f -

team, who ranked ‘the’ players from one to fourteen, one beinga“f
the best score. "~c'.; l. A o B ‘: o | , l._l t.
None of the" three batteries was found to produce a sig-,d,"

nlficant (p< 4;10) multiple R, No significant diffqrence

| (p < 10) was . found between the multiple R's from the three
:}-nbatteries, but the Hockey Skill Tests battery produced the

lowest multiple R Only one equation gave a multiple R sig-@f~fi;ff

" 4 nificantly different from zero (p< 10) ; This equation was R
S composed cf the best single predictors from the three batteries.,' ol
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o compete on an equal level. Recently however, other

S _.'K'
CHAPTER'l
A

INTRODUCTION

N ) . (.-

Ice-hocke is our national sport and Canadians are

proud to be. fdentified with it Unfortnnately, Canadians have
not devotedcbuch efiort to a detailed study ofrthe sport |

-:Scientific researchfbn hockey (in Canada) has never be n

encouraged by professional and semi-proressional players

“and organizations. Canada had such a large pool of hockey

talent that scientific teaching as wéll as. study and analy-

sis hardly seemed necessary. This method persisted as long

as other,mations knew\little of the sport and were unable

& B

‘nations have equalled or perhaps surpassed the ability of s“/SVe

VCanadians in the sport This situation has brought up a o

“ﬂ'new consciousness of the problem and some research teams }.'
~are now working to recuperate the ioss of many years of over' -

_' oonfidence in.natural endowment It was as Gaston Marcotte ?if)f;‘
ifcalled it a "réveil brutal" (Marcotte)(46) in an arti-_ L
'rfcle dealing\with the need for research in hockey in which #Q

uhe sgmmarized the actual situation as follows.”;f' R

"'-NLa aéfaite de 9.3 o des Petes . de Peterborough |
- de la ligue Junior Majeure de 1'Ontario aux =

o . mains des Russes et une troisidme position au - .~ = =
A mgém G

:'%f‘sera-t il de nos séniors’

. piornat Jnnior du monde, démontrent claire-'
.. ment que la suprématie inconteetée -du Canada. -
. est maintenant chose -du passé, ~ Si nos Juniors '
'ne sont.pas & la hauteur. aujourd'hui .qu'en. = -
‘nos_ professionnels
'est pas perdu. Le 5

dans dix ans° Mais tout-



>,

'5 were not applied to groups 1arge enough to obtain gohd

Canada peut espérer continucr A rlvaliser avec

la Russie, la Tchecoslovaquie .et les autres

pays d'Europe qui ne cessent de progresser.

Mais pour ce faire, les Camadiens, et tout .

particulidrement les dirigeants et les entraf-

neurs du hockey amateur .et professionnel, de- R

vront changer d'attitude vis-a-vis la recherche,

1'enseigneément, l'apprentissage du hockey et

les "hommes-ponts" . . SN
|

This awakening has been characterized for a few years

-

- -

by the multiplication of hocke? schools for children and
1

adolescents. As in any educat
became more and more important to justiiy the programs and

~to measur the~progress of the "student" The standardi--

NS

onal organization, evaluation _

zation of % sts specific to hockey began to take on more ime-

portance with the aim of comparing and olassifying children
as to -their ability in the sport._ o L ‘
This has 1ed to an interest in what Bouchard ( 7.

- P. 96) calls the "déterminants variables specifiques de la
performance sportiLe" which are the specific physical fit-'l_

‘ness. of the athlete, his technical ability (effeotivenese)

-7 -
and his strategio intelligence. The aspect which has at-;

'ff tracted the greatest attention of physical educators in— :

volved in teaching ice-hockey is the technical ability of
the student. For tPiS purpose many tests and.batteries of

tests (21 23 25, 33 48) have been designed and are currently :

used by teachers in different schools.; Unfortunately, many

ferent qualities needed to be a well skilled hockey player.g*¥f7f57;

Somq on the other hand were not well tested for validity or

.d'-v . '," v

‘A‘ of them do not contain enough elements to evaluate the dif—~~



-

b

| ness of a battery of hockey skill tests to estima\s or pre- ‘_Afo ,

;-

'_ statistical evaluation (Lariviere, l974) (44).

Hockey Canada,in 197Qqsuggested a battery of tests and ( >
an investigation was undertaken under the responsibility of .
Professor Hal Hansen from the UniverSity of Ottawa to select :
and validate the tests. These tests as suggested were not

related to the "in vivo" situation and no att mpt was made

" to see how good the battery would predict the performance of
. young hockey~p1ayers in the game.; The present study was ,r' :

undertaken to try to.answer at least partially- the following

. recommendation of Larivxére (1974) (44) L

...I1 serait intéressant de mesurer.le = -
rapprochement entre les résultats des tests
. - "in vitro" avec la performance ou le rende- :
ment du Joueur "in vivo" o S

The tests suggested by Hockey Canada were correlated
to the . overall performanbe ef a grdup of young hockey players
and compared to other tests which would belong to the cat- o

egory concerning the general physical fitness of the

—

athlete. - L--,' S

STATEMENT OF THE PROBLEM

&

The purpose of this study vas to examine “the. etfective-‘n

dict the performance of a group of 14 eight year old hockey “;4‘.”

lows

”,_ 1 To test the effectiveness of the battery of hockey ’?)’"”

T e,

skill tests suggested by Hockey Canada (34) to predict tHe f:}f"

.

/é-t.To compare the prediction value of"This specific;f=;" o

. .. i

I
(

playirs. The: principal objectives of the study were as fol-‘f_lff’

® performance of a group of young hockey players. _ajf.;f.,tpif]i?fgl



battery of tests to two other'series of tests frequently

-.

used as a measure of performance, but which are not é€e01fic o

>

to hockey.
Vo

"3, To flnd the best serles of predlctors using the

Vv f *
§

three batterlesgof tests.: .as source.
. . . i

The two series of predictors used, “besides the'hookey"”

£

vskill tests, were olass1f1ed as laboratory tests and " flefd
(tests of physlcal performance. ‘
A) Laboratory Tests
1. Maximum oxygen consumption
2.5 Stremgth (static) .
. a) of the élbow:extensors.
) of the5eloow.f1exorsﬁ“
'.fc) Vof the knee extensors
d) of the hand grip -
4;3.d_5ke1eta1 Age
‘B)_;Eieid Tests v -
; ‘vl.y.The CAHPLR Fitness Performance Tests (10)
g _/h) ,50 yard run |
_b)d 300 yard run
’ e). Sﬁuttle run | |
' d):tOne minute speed sit-ups ;' I
. o fde)'nStanding broad Jump _;gvff o :f;”k;;_'ff"l..
.')k;kd‘/;‘:,,st.;ff'kFlexed arm hang U:_ | ' ‘.>_" ‘n )
C) - Hockey Tests ‘1? j;_‘l;~! }f{‘,';",r;:;f{fj :
E ~aThe Hockey Canada Skill Test (34) contained thetfollowing

elements" a) ‘forward skating 60!, 90' ‘and. 120' RN
;f; .,kﬁ b) backward skating 60', 90' and 120' * &s'

L



- JUSTIFICATION OF THE STUDY

¢) an agility skating test s‘l., \
N R S

d) a puék control test

. : v N

Performance has always been the center of_interest of
¢oaches and many physibal‘educators; One of the problenms

in‘the drea\qf meastrement and evaluation in physical educa-

tion is to build tests that really estimate or evaluate what

vthey were designed for. Within a battery of skill tests for

_a given ‘gport ‘each element is usually ay/god measure of one

A 'y .
of the abilities that 1s considered important to perform '

)
well in the sport. But unfortunat y it is always difficult

" to evaluate the athleta either youn or old, for his overall

ability to perform in a sport. | o .~"ﬂ,w‘
For the past few years the stud of hockey has increﬁsed and

many tests have been suggested to evaluate young hockey
]

0 ) .
'~players, A particularly~interesting batterﬁ of‘tests L '

'was proposed by Hockey Canada for different age groups.

N
N\

But to Qhe knowledge of the author, no study has been done to -

investigate the effectiveness of this battery in predicting

,the overall performance of young§hockey players.

This study wasodone to look at the e:fectiveness of the

battery of tests suggested for boys of 8'.ears of age, to

'predict the 0vera11 performance of a partic ar group of ';fgu;

"young hockey players and’ to explore the- po bility of using

. a combination of some of these tests with other performance j‘;_lf

V*;tests to increase the power of prediction of the battery.,



+

LINITATIONS OF THE.STUDY -
| An inherent limitation of the present study is the fact
that only afsmall number of subjects were observed and a-
reasonably great number of tests were used as predictors. An-
-other is the subjectivity of determining what represents good
performance in hockey, especially when(the number of people
being involved in the ta\? of estimating the level of'per--d

formance of ‘the ‘players Was small. The performance criterion -

(wasimdeed marked by the philosophy of the evaluators and
-~ their conception of.performance An hockey. The group used
was very homogeneous ‘and of particular capabilities as they ’

| ‘were runners-up in the city of Edmonton for their age grohp.f

v
| . The feurteen boys repre ented the best of a ‘group of 35 ‘
AU L eight year olds who pkﬁZed hockey in; ‘the Edmonton Community.

| | of Malmo, - (;, . |

. | D |
el DELINITATIONS OF THE STUDY . |

| - ~ The fourteen subjects’ involved . in the study were all

| tt: members of the same team and even though they were playing |

f\>. "_ | 1n.the same age group, most of them had attended many hockey__“:'

, schools and clinies, The two coaches of the team were used fﬁf
as evaluators as they were the persons who knew the cap- T
ability : of each boy and his contribution to-the team.. Ihefie
team played in’ the Little Richard League of’ Edménten. ST

Thls study did not attempt to select the physiological ;

;ﬁ'l'.jhv factors impprtant in playing hockey or the physical quali- ,:ygj -

ties necessary to be a good hockey player., The tests other ..f.-

 than the hockey tests were seleeted for ﬁfeir frequent use

Lol



as predictor of physical performance and because some of
them were estimated as being related to some of the quali-

ties of a-hockey player (subjective estimation) without being ‘

specific to ockey. . y;g<
SN

o

 DEFINITION O TERMS

'ééeletal Age Maturation level of the bones of the wrist

and the hand as measured by roentgenography.
A

Maximum Ogygen Consumption (MV02)° ‘the highest oxygen up‘\

take an individual can attain during physical work at*sea .
1ével, |

- Predictors: Variables used to predict the criterion, com- ' .

F

’posed of laboratory tests, field tests or hockey skill tests.
Criterion. . The value expressing the relative performance

level of the subjects to play hockey, as . Judged by the team

o coaches. S . CP‘

'Laboratory'Tests: Measurements performed in the Exercise't_«-
»

Physiology Labor?;ory and the Radiology Department of the

-j_University of Alberta and the University of Alberta Hospital. :A
' }Field Tests' A Fitness Performance Test euggested by the *yf'“‘

uCanadian Asgociation for Health, Physical Education and

o Recreation (1966)

Hockey Skill Tests. The battery of hockey ekill tests sug-i’f e

"gested by Hockey Canada (1970) t° measure speed skating for- {? ih
_-fward and backward puck cOntrol and agility. f A' .
| 'f'Little Richard' Competitive hockey league for young boys

.‘aged eight and under in the Gity of Edmonton. -f o ‘g' ”fﬁi;t'
g'Roentgenoggam. An X—ray film‘used in this etudy to estimate




the‘skeletai age of the subjects,

Forward Players: A boy playing in any position other than. )

. goal tender,

7y

STPD: Standard temperature ahd?pressure,=dryL(O°C., 760

mmHg., dry).



| CHAPTER II

; REVIEW OF THE REﬁATED LITERATURE
" SKELETAL AGE AND MOTOR PERFORMANCE

| | Maturity was and is still. considered a very important
factor influencing the'physical perfOrmance of childre

More specifically biological maturity (ag measured by IoneA
age) is thought to,be closely related to motor perfOrmance'_
in the young as it was shown in many studies (11, 12 31 36 o
‘37 56,59) on the other hand, Rarick (55), Balész (4) and

- Tihanyi (58) have shown that ‘bone age is not an important
‘;factor in prediction of performance. Most of these studies

~ have used the Greulich and Pyle (30) method for the assess-

' ment of the level of maturation of the bones of the wrist

and the hand which was also the technique used in the pres- ."

ent study.. A few papers have reported the use of the Tanner--.ul"

- .
: ._ﬁftf,

B

Whitehouse technique.

~Bouchard et al.s (6) ehowed 1ar8e discrepancies in fVQg.'”hJ'h'

bone maturation (using Greulich) in children of themeame

’f_fchronological age. The range at the age of 8 years, for

."eexample, was from 7 to 9 25 years in their cross-eectional

':?:tstudy on. German children from 8 to 18 They also fouhd high

_1co§re1ations between bone age and anthropometric measuremente .i:fﬂ

-

y"iBuch as height, weight bi-acromial and bi-iliac widthe, and

”,lvolume of the heart, .1'34



- of athletic ability in intenschool cbmpetitive teams and

- 10

'MOBt of the"studies considering the correlation between
. maturity and’ motor performance have been done on children “
near the pubeecent period, i.e., between lO and 15 years
- old. The majority agree that the level of performance in®
~ sports is related to the level of maturity of the children.
Hale (31) in an 1nvest1gation of. the physiological | RS
maturity of 112 children (10, 11 and 12 yéar olds) playing in -
uA fhe 1955 little league world seri 8 found that the ability R fé_
j to play baseball was affected by Ehe growth spurt at puberty.-'
- Although all of the boys were prepubescent chronologically,' o
he feund that 17% of the: participants were pubescent 45 5%
post pubescent and 37 5% prepubescent. The technique used
: to evaluate maturity was the Crompton pubic air index.,, " f i
BN Clarke and Petersen (12) compared maturational, ._
f “structural and motor traits of upper elementary and Junior

| high school boys (10 to 15 years old) with different levels RS

':.':'with non athlete‘s.' At both school levels, they found tha\t \
;d.the outstanding athletes exhibited higher bone age (Greulich )

- and Pyle)/than non athletes and other athletes. The sports ;g-?
p vfinvestigated were.5 tackle football, basketball baseball. o :“:-
v-n;track and - field, wrestling, tennie and golf The general

”“",,conclueion was that the superior athletes were definitely

| 3f:superior in maturityy body size. and build and relative (t° -ti

3'fpower.

‘; weight‘ﬁnd age) muscular strength and explosive muscular

e

Following the same line of thought Clark and Harrison ;j-;*:7



(11) compared the phjsieal‘and>motor'traits ofsboys-c'
of-advanced,’nOrmalgand,retarded maturity;V;The subjects
were 275 boys'of'9,'12-and 15"years of'age.~_They concluded
,.that the ‘more mature group had higher means in tests.. No;~
mal and retarded subjects were signifioantly different in .‘-,'
~_the cable tension strength test of shoulder flexion. The
‘ \\! f ]__.biggest difference occurred at 15 years for strength'and at

9 for group strength, strength index and elbow flexion..l;

‘The normal and advanced groups were found to be significant-- -

| 1y different 1n grip strength at 15. The biggest differences ;

h'were found in order between advanced and retarded, retarded /
:'and normal and normal and advanced subjects._ Also the 15
"year old boys showed the largest differences, followed by
the 12 year olds and the 9 year olds;respectively.’ie

s Rarick and Oyster (55) in a study on 48° second Lo

) fgrade boys found that skeletal maturitywmw of little con-:v."

"f,sequence in explaining individual differences in strength
Jand motor proficmency._ The variables observed were the

"lf*strength of 8. muscle groups, standing broad jump, 30 yard ‘

,chronological and biological age (Greulich and Pyle teeh-

'f’f nique) w1th anthropometric measurements, spiroergometric

etal muscle.- Theyfbund higher correlations between biolog- ;i”nw
ical ag and anthropometric valnes than between chronological

* values, the volume of the heart and the strength of the skel-

el FRRRS I



‘group was signlficantly different than the retarded group
](;><o 01) for OXygen pulse(greater in advanced), for res-

'ipiratory frequency (greater 1n advanced) and pulee freque

wh 7eo found that the accelerated groups at all agee ehowed a

age and the anthrchmetric values. The heart in accelerated~

- groups had greater dxameters than in. the retarded groups

(p=0. 81) Accelerated groups had larger heart volumes ‘than
the retarded ones (pao 001), but this difference was not
found to be significant if the heart volume was divided by |
body-weight., At a work load of 7 kpm/sec the accelerated

.(lower in advanced) at the chronological age of 8 years old L

The accelerated group (chronological age 8) had significant&'

“'1y higher (MVO2 and MVOz/kg) maximum oxygen coneumption than ~

| the retarded group for the same chronological age.; The cor~"i_nt;
{{ ;relation eoefficient between biological age and MVO2 wae f:'f7f'J
E higher than between chronological age and MVO2 for the wholet::):qf
'_)bgroup of subjects (275) “The accelerated group (chronolog-'i

g .ical age 8) performed significantly better for the Physical fﬁfl.,t
":rWork Capacity 130 Test than the retarded subjecte.} They al-f,;”l"r

i*i.muscle groups (p— O 001) 77(vf:fff'dﬁf;wxﬁﬁifﬁi;uf&)7f
o Cumming (18), ina study of €8 girls and 103 boys,p{f7ffﬁ -
tf)j)found a higher correlation between bone age (Greulich and

:7)5.Py1e technique) and performance than between chronological
'age and performance. However, no correlation exceeded O 58
\‘~lwh1ch was, the correlation between the lOO yard run and bone

"tfage.. The performances were drawn from the resulte obtained

-

B .,*;1v

'f.(more progreaeive development of etrength within all examined



”,iage level

in a decatklon.. The average-chronological age of the boye

- was 14, 9 and their skeletal age 15.2, He also considered
_the partial correlationa of bone age to performance elimin-
A;ating height and‘weight. The correlations were low (< 50)
’Abut all were aignificant at p<0 0l. - Theae measurementa |
'~were taken from children participating at a track camp and

the events of the decathlon were,high Jump, broad jump, shot

put javelin, 100 yard dash and an 880 yard run
Halliwell (32), in attempt to look at the rel-

| ationship between growth and the level of participation of

young hockey players found no significant correlation bet--i

hockey.' In 39 players of 7-8 years of age the correlations

 were lower than 0, 33 and- in the smo year old boye the

‘highest correlation waa obtained between weight and claes-’;

"ween height, weight, experience and claesification in minor L

1fication (r = O 16) The clasaification was based on. the L

| ‘-ﬂfB ’ houee 1eague, recreation or novice category ior hie i;“,

R

9’

Tihanyi (58), 1n his study on the relationship of

:?3'maturation to competitive\ewimming ability found that bone

':m'age (Greulich and Pyle technique) in the stépwiee regreaeion

"4fact that the dhild was playing either dn claae 'A', clasa R

;;:: igage waa not an important factor i erformance during swim-iftj7uj
.}'1ffning He St“died 36 bOYS (11-12 yepst's- Old) participating at

__yffjl:a provincial competition so that %hij werefalr high clase |
E ?tswimmere for their age level The higheet rating for bonevvfgl‘;;

»ngequation was third This occurred for the 200 meter nedley.v_eg}?



o when considering the period of pubert

| . .

L

A general conclusion from this.review is that perfor-
 mance on sports is different when considering retarded and

yoo ST - . _ : S
‘advanced children of tme same chronoIEgical'age, espgcially -

It seems-also that

this relationship of maturity and perf&rmance tends to dim=-

inish the greater the number of years before pubescence,‘l

14

i, e., the correlations are much lower at 9 years of age than o

n“at 12 and 15. However, no extens1ve study has been under-~‘
taken on children younger than 9 years and involvéd in a

wpaftlcular sport

'MAXIMUM OXYGEN CONSUMPTION AND PERFORMANCE

Maximum oxygen consumption (MVO ) is consideredﬁby ex-'[i i

. ercise physiologists as being the best single measure of

'siitness (3 42 50) MVO,. ie often referred to as: a good in-jyfl_f?

“fdex of one 8 performance level in a particular sport"}"'

...the capacity of an ndividual to undergo
prolonged physical wdr} -depends ultimately
on his ability to utilize oxygen and expired
energy. . This measurement of theé maximum *»w_
- srate at which the cardiorespiratory system
can “transport ‘and the working muscles can
utilize’ oxygen (MVOE) forms - a useful guide

*1.a" to a person s exerclse- capacity"

However, not many studies have relatedQMVO and perfor-‘;vf“:

'fﬂjﬁmance in children especially under the age of’lz, e rel-'-

w :xationship between performance in specific complex“gporte and
';,MVOZ is not very well documented. However, Cumming et al.
(18) investigated the correlation between MVO2 and

ey
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performance in adolescents and Bouchard et al. (7) com-

pared MVO and performance in adult ice hockey players.

Nevertnelees, many investigations have been conducted .

1o measure MVO2 andvthe work capacity of pubescent and pre-
pubescent children (2,17,19,28,29, 43) and a few studiee |
looked at the MVO, of adult hockey playere (7,28,52).
f'. G. R, Cumming and w Friesen (17) measured the -
~bd.mv02 of" children while working on a bicycle ergometer.' They

did 7 to 15 teets on 20 boys ranging. from ll to 15 yeare of |

- -age, -The . average age of the subjects was 13 6,years.: The
i | (%ubjects warmed up ]t a work load corresponding to 170 beats

per. minute (work°lo
14

"formed) for 6 minutes. The work 1oad wae then increaeed
x

a attained in a chl70 previously per- .

15 .

lprogressively until the subject could not ride fOr more than f:.v

f‘3 minutes._ They obtained a mean maximum heart rate of 202

"beats per minute and a mean MVO2 of 53.8 ml/kg.min.. They

| 7estimated that the work load that the eubjeots were able to-

complete was such that a mean predicted pulse rate of 247

’,gibeats/minute would hawe resulted A true plateau in 02 up--fy |
_uftake being difficult to obtain by exercising untrained chil_;:,,_,

'“*=dren on a bicycle they obtained an 02 value very close to 7554t3%75

the maximum with a single testfby constructing a pulee rate ;1t;§5f

K

?*"<eurve from two submaximum testa and then exercieing the sub-li*"\

jecte‘at a’ euper maximum load that would produce a theoret-»;.w

ical heart rate of 250 beats or greater. 3;;,, G -
Aetrand (2) in a etndy on physical work capacity and

its relation to sex vereus age reportedﬁan average MVO2 of



56.9 ml/kg-min. for'boys'between the age of 7 and>9. The

average height of the 12 children tested was:135 cm, and

. .the average weight 30 kg. 'The'children:were.from Sweden

and the. tests were performed on the tr‘eadmill' The test’

. "was done With the treadmill horizontal at a speed of 7.8

‘km/hr. for ‘the-first work load and an. increase of 1.2 km/hr.;'

- was imposed on succe381ve days until the sub;ect reached ex-

: haust jon in 4 to 6 minutes, =~
R

Mirwald (49) performed a longitudfnal investigation of

: maximal aerobic power ‘in boys from 8 to 15 years old, 1The’

'rmean MVO2 was 58,45 ml/kg*min. for ‘the eight year old age

'group."Twenty boys were tested in this age bracket and’
their average weight ‘and. height were 25 ¥ kga and 127 T cm."

16"

1 *respectively. All tests were done on a treadmill The sub- :

4-.xinten31ties in 36 boys aged 11 to 13 (average age 12 5 yrs) f'.'"'

33ects began the test walking for 3 minutes at 3 mph., ran
- for 3 minutes at 6 mph., 3 minutes at 9 mph., and for asi.

jlong as the subject was able to continue at 12 mph....

( N
Massicotte and Macnab (47) performed a study on

"the cardiorespiratory adaptations to training at different

V.j The testing was peaformed by means of a discontinuous test

‘iconsisting of. periods of 4 minutes of exercise separated by ;:thg

{_rest intervals of 5 minutes., They obtained the following

-tMVO results before the training period (6 weeks) for their\{‘[,t'

e

,'vfour groups.‘ 46 7 ml(kg-min., 47, 4 ml/kg min., 46 6 ml/kg-sg;ftf,’
| '-fmin., ,and 45, 7 ml/kg-min. for the high intensity group. o |
”*fmedium intensity, low intensity group and the control group,flﬁ?;t



A
| respectively., It was found that only the subjects in the
high 1nten31ty group increased their MVO significantly over '
the 6 week training period (mean 51.8 ml/kg min, ).
Ishiko (40) compared performance on the Harvard ;; L
Step Test to performance in many sports. The subjects were v"
candidates for the Tokyo Olympic Games, track and field
athletes and oarsmen. He tested 17~intercollegiate-track .
athletes on.a bicycle eréometer. The athletesnwereadivided'; ///
into - two groups, 8 long distance runners and 9 nonqgistance
‘runners including Jumpers and throwers. The follnwing res-s-
“<ults were obtained MVO o£‘2 5 l/min. or 45 3 ml/kg'min.
| and 2 0 l/min. or %4.4 ml/kg min. for long distance runners
;and non distance runners, respectively, the difference bet-
ween both groups was found to be significant (p< .Ol) He_f
also compared the best time of several 5000 meter runners
._w1th Mvoz. An r of 0. 423 was obtained for Mvo2 in l/min. _'
“ and an . of -0, 668 for MV02 in ml/kg min. The Harva.rd Stepfl |
Test produced an r of -0. 909. - He concluded that Mvo2 could " e
'be used as an ‘external criterion of performance in endurance'
| events. | "‘ \ | .:J“. o h |
| Cumming et al (18) reported the results from an - fji_qu#

'»investigation at a2 summer track camp. A correlational studyV_f"'

“._was carried out between the maximal oxygen consumption of

f-._20 boys aged 12 to 18 and their performance in a. 880 yard

.wrun as well ‘a8 in a 440 yard run They found no correlationfiraf

'*.];between the 440 yard run time and the MVO and a low correl-ffpﬂn

t_«ation of O %9 between the 880 yard run.time end the Mvoz.;:-':
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However, the lowest gimes_were associated with MQOQ'S greater”
-A-than'GOle/kg-min. The attempt to find a correlation bet-
ween the broad Jjump and. MVO2 gave*an expected Zero correla-y'
”tion. To compute the correlation coefficients MVO2 was ex-
ypressed in ml/kg e ‘min. they reported ‘an average MVO for 14“
boys of 3.92° l/min. The procedure used to measure the max-n
imal oxygen consumptionggonsisted of 2 submaX1ma1 loads of B
6 minutes followed by a*supermaximal 1oad of 2=~ 3~minutes in’
~Lwhich expired air was cgllected for the final.SO seconds, \

" Corbin (14) studied the relationship of PWC to
running performance of young boys.‘ Sixty-four school boys
'from a .pool. of volunteers were selected from grades 3 through

6 (16 from each grade) They ran 200 400, 600 and 800 yards .

' and were tested on a bicycle ergometer to determine the

S of the same year the authors also measured the USSR good-will

PWC17O accordlng to Adaﬂs (1) recommendations. The heart

. /fEQQ was, telemetered during the runs. A latap square design
was used to control for the order of running. They ran in—
: ~side an airconditioned areng around a 100 yard square. ,The
| subjects performed all runs beiore the PWC170 test Corbin.
. dld not find any r to be 51gnificant. The highest correl- _
| y*ation was found with the 400 yard run for the grade 4 boys i
vgf(r -O 424). y . U y‘ , |
| - In 1968 Nagai and Ogawa (51) tested all the candidatesyp“
'for the Olympic ice hockey team of Japan 1ncluding measure-

ments of body structure and physical fitness. In December

"tice hockey team then v131ting Japan, as well as members of

e
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- other teams: from Poland Yugoslav1a and Norway. The Japan—

ese players scored lower than any other in all variables
(helght weight, girth of the upper arm, of the chest, of

the buttock agd/the thigh) In l970lthey measured-MY02 and;'
O .debt of hockey players on the bicycle.ergometef; The
_‘maximal oXygen consumption of 5 Japanese players was com-
parable to the'MVO of Canadian players reported by Ferguson;
53.64 ml/kg'min and 55 70 ml/kg min., respectively, It~

'Ashould be noted that Ferguson s test took place on a1ice

- a blcycle ergometer.r‘ o

/

#
rink as mentioned later, and Ogawa s test was performed on

+

/
/

, FerguSon;et al (27) measured the MVO2 of hockey
players.’ The purpose of this study was to deve10p a test
of MVO2 during ice. skating and to determine its’ reproducib—:
“1lity bywthe test-retgst procedure. Seventeen hockey play-
“ers were tested at the end of their compgtitive season. |
. The work loads were skating for 3 minutes on a 140 meter tf‘J.e
l oval course around the rink.- Velocities of 350, 382 401,
4'421 and 44} meters per minute gave lap times of 24, 22 21 20
"and 19 seconds/lap, respectively, in or&er to obtain in—
_oreases'in VO of" 300 ml/min. for a one second decrease in
'i'lap'time;' AS minute rest was ali,@?ﬂ between loads. WOrk
'3‘loade were increased unt11 the maximum voluntary work cap-ﬂ'- -

acity was attained (decrease in speed within the three min-ﬂvv ‘

| i utes) The subject Was paced by a. whistle signal recorded

"“bn;a'tape-, Oxygen uptake was, measured by an open-circuit

- ;gas collection apparatus carried by the subject.; Expired



‘f-between defensemen and forward players :

‘ 20

gas was oollected during the thirdiminute of skating at‘
each work. load Heart rate was recorded by teL%metry. The
subjects were .wearing. full hockey equipment plus the appar-
atus (10 kg)., They concluded that the relationship between
_M\.IO2 andtskating velocity was'linear.. At a velocity‘of
382 m/min. the'meanVO2 was 46, 7-ml/kg.min (40 1-54'7)’
cost of skating at this velocity was related to the MVO2 of
the subject (I?- 0. 64) The. reproducibilitf}of the test

appeared comparable to other MVO2 tests (r'= .94) | The mean

MVO, 's were 4,04 and 4.08 1/min. or 54 8 ml/kg-mianand 553
ml/kg-min. for both tests,*pespectively.- The-values ranged
from 44, 9 to 68 5 ml/kg-min. W1th no significant difference
= An inter-individual

variability of *15% in VO2 was exp¥ained by differences in
skill of skating, |
_ Bouchard et al (7) conducted a study in which L

‘the authors identified some of the phySical and physiological

characteristics of hockey players and their relationship with

| parformance. They measured 24 junlor players and 12 prof--

'e551onal players for ana1y31s of these characteristics.-'

.But only 1? Junior and ll professional plaYers were re-:f‘
- tained for the correlational studies, as’ only forwards were‘“
studied . They div1ded the parameters studied into lO sub-

.:wdiVISLOHS. a) weight height diameters' b) girth.;sgi

‘)c) adipOsity, d) tissu/s composition' e) somatotype, .'fe“ij)"
=f)f) reaction time, g)- musoular strength' h) pulmonary 1n-)'”f'.

dioes-'i) reactions to sub-maximum.exercise-‘j) reactions-r?)

"¢f.’
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to maximum exercise, The performance criterion was the
Qratio of goa]s scored and aSSJsts per game played They

~ obtained MVO measures of 54, l‘ml/kg min, as ‘the average

for the professinngiq and 58,4 ml/kg min, for the juniors

’The correlations between MVO, and performance were 0. 251
" for the profe351onals and ~0,309_for the juniors. The mul -

tiple R's computed for each sub-diviSion and the criterion SN,

Ly

variable is not reported here because of' some irregularities
- in the statistical procedures. - o |
~ To conclude this section, a commentary by Macnab (45)

about the use of MVO2 as an external criterion of performance

seems very appropriate.

...Aerobic capacity also fails" to take
'into account other factors involved in
performance of physical work (i.e. spec-
1f1c1§$ of task, motivation, strength,
~-anaerobic capacity). ‘The item which
best correlates with the time. required
to run two miles as the time required.
to run two miles., Thus, in predicting
"~ performances, ‘aerobic capacity,. at best,-
- .only imitates specific testse .

"o, ..Variance characteristics of the >
' - -sample and the relative contribution of . .
aerobic capacity to 4 given. type of per- \_
formance' should thus be. seriously consi~
dered .in any sﬁgdies of’ the relationship = -
of aerobic capatity to external criteria S
. .of performance" T . X& Lo '

e

'.~/
.;FITNESS PERFORMANCE TESTS i | il
. Fitness performance tests are usually used to evaluate f;:‘:
-‘:the general physical fitness of a population.~ They are rel-?iyff°
| 'atively simple to administer and can be easily used in the i»
:'ffield There is a multitude of these batteries of tests. )

- /. .




Almost every state of the United States has‘its_OWn_battery_-

of tests,.the American Asso0iation.for'Health Physical -

" Education and Recreation (AAHPER) has'sugéested'onevand_the
Canadian Association for 'Heam l’hysical Education and

' Recreation (CAPHER) created one. in 1966 There is a scar-.
city of literature on the use of these tests as they are
rarely used for research purposes.. Their application is
.more to sensitiye the population to its fitness level and

to allow the 1ndividual to<compare himself to the rest of

22

the country from the norms. developed for different age groups.._

In 1966 the Canadian Association for Health Physioal

i'_ Lhducation and Recreatidn (CAHPER) under the direction of

"Yuhasz and Hayden (10) conducted a study on ten thousand

- .boys and girls, aged between seven and seventeen on a. bat- R

tery of fitness performanoe items including. 50 yard dash, :

300 yard run, shuttle run, flexed arm hang, standing broad

Jump and speed sit-ups. The mean values obtained for the';ﬁ

| vboys of eight years old were. + 50 yard run, 9 6 seconds,

'Ji300 yard run, 81 seconds, shuttle run. 13 5 seconds, stan-;.“.'h

~p,ding broad Jump, 47 1nches,‘f1exed arm hang, 27 seoonds,

ione minute soebd sit-ups, 24.. These results and the results i”-g

7of all other age groups served to establish the Canadian
'norms which appear in the booklet edited by CAHPER in 1966

As mentioned previously, these tests are used to assess |

'ejthe fitness level of populations, and are not very often "

'f.used to measure the effect of training or are never related

“if'to performance in sports. '_f7f-,rxf_p

'\ '. )

g\
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cumming‘and'xeynesf(ig) have used the CAHPER fit--
ness performanCe-test on seven hundred Winnipeg schoOI‘chii- .
dren.' FOur'hundred and ninetyw-seven*children of. thehorigee‘
;‘inal seven hundred were tested The battery contained° B
speed sit—ups, standing broad;pmp,'shuttle run, flexed arm
hang, " 50 yard run and a 300 yard run, Students were not
*randomly selected but were students from: two ‘classes of
»eaoh grade from 1 to 12 chosen by the principals of the
_'schools. The eight year old boys (n~39) obtained ‘the fol-
" lowing mean results: sit-ups, 27/min., broad jump, 51 inches;t.:ﬁ'
arm hang, 27 seconds;‘shuttle ‘run, 13 seconds, 50 yard run, -
v9 > seconds' and 300 yard run, 77 seconds._ The correlation
~'coefficients between the test items vary from a 1ow -0 37
'“.between the flexed arm hang and the 50 yard run to a high of
) -0 76 between the dhuttle run- and broad jump and the 300
| yard run and broad jump._ Comparing every variable to MVO2
iand PWC17O’ they found the correlation coefficients presen—f:"*th
| ':ted in Table I They concluded that height and weight are
B ?ibetter predictors of PMCI7O and MVO than any of the test
| M_‘ These studies reported the use of fitness tests to ev-vfif'ti'
Vt-aluate»the level of fitness of thé individual compared to}_;_?;};

“ﬁ;”norms or compared these tests to other performance teBtS{:;;lﬁtpgwf

;]t'but none compared them to performance in a eport activity;i; ua“.l

;_as it is the case in the present study,._';'r:~4pre;wpﬁ.:ppwii\;ﬁ_ﬂ;

. "'/‘\.

,*4jmuchLAR STRENGTH AND PERFORMANCE | | _
‘ | Strength is probably the oldeet measur,'ent taken to};ﬁtnl'ﬁffé




CORRLLATION COLFFICIENTS BETWEEN CAHPLR FITNESS TESTS

e TABLm 1

AND PWC170 AND MV02 FOR BOYS

f ‘«‘

v

‘Test ‘Item

- PWCyq0

" Sit-ups
Bnpadilﬁmp -
Shuttle Run

Arm Hang

| ' Mu1t1p1e R
: p ( 001

50 Yard Run

"-300-Yard hun

58
.76

. ,.Q‘

S

B *Aéaptedﬁffbmfcumming

i

and Keynes (19)

24
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evaluate the phy31cal capa01ty of athletes.' This muSCular i‘
'.quality was shown by many researchers.to be related to phy-
sical performance and to motor performance (5, 12, 13 22, 36
58 60) and b331c to athletic performance. .'_ |

'} Digiovanna (22% in a study on 836 students (17 o

| o 24 year olds), including 102 university athletes plus’ .f"y<~

7'another 95 athletbs; compared structural and functional
‘-measurements to success in sports (the other 639 students
‘involved in the study were considered“as non-athletes. The f‘
sports studied were baseball basketball football, gymnas-fh?d‘
' tics. and track and field. In each sport it was found that ‘:frt
functional qualities (strength and power) were related to s
f success in sport but not for tennis.‘ Comparing the whole
~&athletlc group to average individuals, it was found that
. 7pthey were characterized by higher strength and power measures
d»'as well as different structural characteristics.ﬁ Digiovanna

"ofconcluded that body strdctures, muscular strength and ex-l?fﬁ.i“"

| 'V-plosive power are associated with athletic success, these

.ffactors being of varying 1mportance to performance indif-:t;.i'ﬁl,
'-ferent sports.h tTpV‘; iii f,i, _ .'i ‘.,’., :s ‘_W‘}:‘

| p' _Wilhelm (60) attempted to’ measure the traits that -
:lljcontribute to success 1n football.r In this study)Wilhelm
'fEdemployed 65 freshmen football players and 65 freshmen non-.:flf*i:

'5iﬂ‘players. The author administered 44 tests of mental, phy-L

f“fsical, and visual ability. The football players were clas-fi}ffd:"

"l;football players were found to be charaoterized by better

e DR . o

sified as successful or unsuccessful by the coaches.spmhefjf'f .

-;gf%?fﬁ*"
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strength, structure; pOwer;'agility, speed--kinesthesis, 1/

depth perception, Visual acuity compared to the non-fo £~

. ball players. The successful football players were S¥ ongeri

faster, more agile and found to have larger girth and speed
than the unsuccessful playersq |
Hooks (37) studied the predictabilit‘y of baseball

ability by analyzing measures of strenvth with success in

baseball. Low correlations were found between structural

',[_ measurements and the criteria (hitting and throwing ability)
Strength and the criteria were highly correlated. Hooke ob-{*""“
" tained an r of O 79 between 1eft shoulder flexion strength

and hitting ability, d r . of O 72 between right szyulder
flexion strenvth and throwing ability and an r of

play baseball._ Hooks completed the study employing 56“men

. and over all ability was evaluated from the average of the,"?i

"»scores of the different criteria. L

Barry and Cureton (5) utilized factor analysis hn

'"{1 a study on physique and performance in prepubescent boys,_,‘;;*l
e The sub]ects were 95 boys aged 7 to 11 The subjects per- fﬁ
fOrmed ar total Of 37 tests. Performance was evaluated froma__jr'9«7

10 measurements- total strength, chins, dips, curler hip“t)i;j‘fﬁ

62 bet-'

- ; ween left shoulder flexion strength and the total ability t° fiir_fi

ll»standing broad jump, 440 yard run, running broad Jump. hishff"V'"

jump, drop off agility run It was found that power, en-ff'iﬁfﬁ

durance and dynamic shoulder strength were related to motorfgkff;f,i

performance and that the morpholog cal measurements did not;flffﬁiff

relate to performance._if: f'*ﬁ;'e.fff']{;:,*ix'
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Clarke and Petersen (12), in a study (reported X

o earlier) on contrast of maturational, structural and” strength
.characteristicsrof z>hletes and non-athletes 10 to 15 years
';of age concluded th t strength was a con31stent differen- .

'tiator of athletic ability.

Tihanyi (58) (reported earlier) studied the rel-_‘

«ation of maturation to. performance 1n SW1mming.v His study :&
:1nvolved 36 boys aged 11" and 12 participating at the provin-i :
'01al finals for this category for the Province of Alberta. -

| ”“_One cxf the important points of his conclusions was that the .

‘-results illustrated well that strength is basic to athletic‘

“rperformance. The regression equations included maturation,;p‘¢“

flexibility, strength and vltal capaCitY-~a_:'v§' Co .
From these studies it is clear that strength is an 1m-uﬁff:‘"*

) portant factor in the performance of most sports.; But its

”c.influence on athletic success is relative to the sport con~>-f'fj;;

1jsidered It is cf 1ess importance in sports based on high .;‘,{{f~

I coordination and strategy dompared to contact sports'iﬁf;

Bouchard et al W) in the study reported earlier

Ldobtained the following results for muscular strength of hoc-;ifigﬁ
:'ffkey players.; For the professionals they found 33 kg.; 28 8.lf<r5y”
"‘_kg., and 57 7 kg. for elbow flexion, elbow extension and 4
dffknee extension, respectively.' The. juniors had values of
“hi54 a_kg., 33 2 kg., and 64 1 hg. for elbow flexion, elbow

fcextension and knee extension.. The professionals completed

'::3t44 6 sit-upg in one minute while the juniors perrormed 47 3.5;m,ﬂ"

‘,?f"éhe simple correlation between strength and performance were . bf}

A .(_- PRI
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}as follows »elbow flexion, professionals r=0 128, Juniors :

“r = 0,110; elbow extension, professionals r = 0,078, juniors
T = -O 304; knee extension, professionals r=0 064, Juniors
s :

O 0271 These results will be discussed later.

HOCKEY SKILL TESTS AND PERFORMANCE » : '

o A few attempts have been made to develop hoekey skill

tests (Brown 1935, Sabastéanski\}l949,: gyitt, 1953, Percival
j:1956 Tower, 1959, DeVincenz@’ 1960 Doroschuck and Marcotte
"1965, Hache, 1967, merrifield and Walford 1969, Fédération |

\Svédoise de Hockey sur Glace, 1971 Hockey Canada, 1970 and S

»Enos, 1973)* ‘"'Some of these tests are single tests to

o measure one simple skill (Doroschuck and Marcotte, 1965,¢L~“

'>.Sabasteanski, 1949, Tower, 1959). Others contain more than,;*f; S

-'one test but with no. attempt made to study their value as a ,;f;i-?

;battery (Hockey Canada, 1970, Brown, 1935, Percival 1956) ,'f‘” |

\-ff Other studies have looked at the interrelation between cer-;f*{lh“

| 'ftain tests and at the ability of the battery to preaict or )

’ff“evaluate the overall performance of a player (DeVincenzo etu?
\
al., 1960 Hache, 1967 Merrifield and Walford 1969 and

Lariviere (44), in an. article on perfbrmance tests

*-:to measure the technical abiley and the specific fitness fjfil,sfq

e o A )
rof hockey players reviewed the- skill tests existing in hoc-l',,:.mf

:*,,ﬂkey., The content of each battery or test appears in Table _qig[Qifz

’*iQSome of these tests will be reviewed here to indicate the S

;characteristics of these tests in general, according to thee;""'"

:» / Reported by LariviEre (44)
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three'categories~mentioned_earlier.(single test, independent

testS'battery, related tests battery). ) _4 |
Dewitt (21) nentioned three tests to evaluate what ;

was estimated to be extremely valuable to the successful

_ hockey player' shootlng, stick handllng, speed, Unfortun- ‘

. ately, Dewitt did not mention any statlstlcal analysis and

'the procedure was not- very preclse. N N
éggf/ﬁy |

Doroschuck and Marcotte (23) created an

'test for hockey. The test con31sted of an adaptation of the"

Illin01s aglllty rUn to hockey. The validlty of “the' test

was. tested against the evaluation of the coach (r=, 83) and J;

A-_the reliability by a test-retest procedure (r-.93)
authors reported that in the selectlon of 15 players for a .

thoCkey team, the top 13 1n the test were also selected by

the coach.

Larzviére (44) reported that DeVincenzo, Kelly _T,*'

?uck movement, skating agility and accuracy °f

as a measure of the potentlal of high. school play-'f

giients (correlation between tests results before the

; and classificatlon by the coach at the end of the

'Merrlfield and’ Walford (48) proposed the use of

‘ f;'forward skatlng speed (120 feet), backward skating speed
»{ft(120 feet), skating agility, guck carry, shooting and passinglifdfﬁ

2V

(1960) suggested a battery of four tests.‘ speed B

fe four tests were well standardized but the valldityhﬂi"



{

" as tests of hockey ability. They tested the, béttery by ad- -

ministering it to 15 male college student° playing for the
\

same club but of various levels of ability in hockey. To

validate ‘their tests the authors compared the results to a

ranking made by the coach, All tests_correlated.significant-
uly to the ranking of the coach, -In the intercOrrelationf"

analysis, Merrifield and walford found four tests signific-.

antly related to each ‘Gther (3 at p< .01 and 1 at p< 05)

_ Skating agility and backward speed gave an-r = .91, Puck

carry correlated s1gnifieantly to the - three other tests and

was found to be the best single item for measuring the over-

all. abrlity to play hockey. The authors concluded that for-:
1ward skating speed puck carry and either backward speed '
‘skating or skating agility may be used to measure 1ce hockeyv'

'skills.. ‘Shooting and passing tests were regected because of

low reliability (respectively, 0. 62 and 0. 37)
| Hockey Canada,inlgxh engaged Hansen, Moore and Mahoney .

. (34) from the University of Ottawa to validate ‘a hockey skill

© test battery. ‘The investigators designed, refined and ad- :
,ministered 16- tests in the - hockey skills areas of skating,
lpassing, shooting d puck control. The study was performed
hion 200 subgects of the following caliber.- Mosquito, PeeWee,:'
.d; Bantam and J&PlOT’A (Mosquitos under 10 years,_Pee Wees under
B f?12 years, Bantams under 15 years), The tests on passing and
"f‘shooting were rejected as they did not meet the statistical
’;f:requirements and were recommended for further investigations. ;if:

vldftuHansen et al recommended that a battery of hockéy skill
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tests should be prepared eontaining the best test in each

of the four areas of hockey skills o these tests (31xteen)

1

eight were used in the pre%ent study as they were recommen-
ded for boys under 10 years of age. They are: the Hansen
‘modified-3 agillty test, the Marcotte modified puck control ’
_test and six skating tests (60, 90 dnd 120 feet forward and
.backward) Only the results on the tests recommended by ‘
Hansen (33) will be reported here. It is of interest to
note that the correlations between many of these tests were
. high oThese correlation coefficients were calculated for
‘the whole population (173 out of the 200 original subjects)
The results for the recommended tests can be summarized
'as follows. | | .

‘ Forward skating: for thi\\tfst the boys under 10 years

-gave larger 't values on the 3p feet test Boys over 10

L

N

 ylelded better t values for' the 120 ft test The 90t pre-l"'

dicted the 120' with a correlation coefficieq§ of 0 .81,
l' The 0. 01 level of significange was obtained and the relia-
. bility coeffiCients were 0,71 for both tests (N—l73)(the
| first 60! was regected being considered a warm-up phase)

: Backward skating.; as. for the forward skating tests, younger~

v"boys (under 10) yielded better results;on the 901 test.‘ The

’ l390' test was a good predictor of the 120' test @ZTurthermore

- ”the 120' test predicted the. agility and puck control tests.} ffiﬁl

.; The t values were Significant at the 0 01 level The rel-)- jfdfl
w1ﬁiability coefficients were, respectively, 0 79 and 0 84 fbr, |

““lthe 90 and 120' tests (N 173)

o 7, L T T e



;'Agilityfiyali the t valuesvwere_srgnificant in this area
(five tests were tried). ‘The‘last one on such final.modif-.
ication occurred (Hansen modified-B)‘was used on the junior/
A vplayers (N,= 15). This test predicted both forward and |
\ backward skating; This- test yielded the best validity res-h
iults. THe.reliability'coefficients for this agility test
were 0.58 (junior players, N N<15) and O, 48 (Bantamrplayers ﬂ
h ﬁ¥28) On 14 physical education maaors and 14 visiting
players the authors r;ported a. reliability value of 0 87

Puck control' four puck-control tests were studied. rThe
Modified Marcotte and thé Hansen tests were\the two that met
the criteria.' The Modified Nancotte (used in the present
| study) obtained a reliability coefficient of O 74 and it was
a’ predictor of tests in\pther categbries of skills (Hansen -11
puck control r = O 84) The correlation coefficientsbw1th ;
forward skating (the 90! and 120' tests) were, respectively,
o 64 and-0,53,. Backward skating (90" and 120° tests) yielded N
correlations of O 61 and 0. 55. Puck’ control correiated withul7d‘
, agility (r = O 57) : The t values were significant and the
test (Modified Marcotte) was suggested for boys under 10 ,:"
years of age. o ' RN

, ;N fﬁ o .
The Hansen puck control test predicted mdre tests in

other areas*han any other test The t values ‘were. signifi-v.ll:V :

B cant at the 0, 01 level\when the groups were compared to the
}‘junior players (criterion) This test tended to have lower l,
.y;;correlations with dﬁher tests, indicating a measure of Puck R
'ff control to a better extent thancther tests. The reliabilityﬁ";lfd.
_.~3 S ,5__.: R w]V ‘ P
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- coefficients for different groups'were-a"'followS° Juniors ;."'
r =0 74 (N=15), Bantams r = 0.51 (N=54), Pee Wee r = 0,66
(N=32), - o o B
’ The validlty coefficients, as obtained from correlations |
between ranking of experts and aqtual measurements, for each B
'htest were as follows forward skating 90 and 120 feet 0. 58jhk
:Vbackward skating 90 feet, 0, 66 and 120 feet 0. 62 agility, -
0. 58 Modified Narcotte puck control 0. 63 and Hansen puck
control 0. 51 “ R ) '

~ Enos (25) developed and evaluated a battery of .
,btests to measure selected hockey skflls.' The results of the;'
battery were compared with ranks assigned by a panel of
'-Vcoaches ‘based. on the subjects' abilities in five intrasquad B
: games. ‘The battery was administered to 126 subjects on

'seven teams representing four levels of hockey proficiency,‘f.iJ_;

k'_bantam, senior high school, college and professional 'Rel~

.1ability was determined by test-retest method The validity
“of . the battery was tested by an analySis of its ability to |

"‘-discriminate the ascending order among the levels of hockey

'-PPOflCienCy and by Gomparison with ranking of coaches (7
1fexperienced men from the four levels of proficiency) The
;-d»final battery consisted of seven tests which were weighted,v'kf’*-f
ipfbeing based on. a 10 point scale The battery was comprisedi?;{safg.
| “of four skill areas.‘:skating, stick handling, shooting and.dl
.‘5»Pass1ng. The skating area was’ composed of skating agility.ryufialft
starts-stops-turns, and forward skating speed The stick i /ﬁl\

'ffhandling consisted of only one test Shooting was COmPOBQde:A

S
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of the wrist shot and the olap shot Pau81ng was tested by
- a forehand passing test, The weight for each test ‘was. as’
a follows:'od» | | a | ‘ |
| | Skating agility 1 I
Start-stop-turn 1 - N
Porward skating speed 1

- Stick handling . 2
Wrist shot ' 1—1/2
* Slap shot - o ‘1-1/2
Forehand passing .2

As a conclusion to this section, the LariViére's statement*

is . appropriate'

...these ‘different trials shOW)the
complexity of ice hockey and experts:
in this discipline do not agree on the
relative ‘importance of. ‘the different
S . technical elements as well as- on theif
i essential characteristics" (44)

It is also of importance to note that too often the :'sj IR

‘tests. did not undergo proper statistical analyses and that

' not 1 many batteries ‘were tested for their capacity to predict
tf’the overall ability of hockey players.. However, many of
'jthese tests can be useful to the teacher or the coach who -?

,w1shes to follow the evolution of hlS players, and to evaleiit;ib7ﬁ

l"'uate his teaching methods for single skills. ',

rranslation by the writer =

7



| CHAPTER mo
METHODS AND PROCEDURES |

. _SAMPLE

- The subjects for this study were all from the community ‘
}»of Malmo- in Edmonton, Alberta.~ The group included fourteen i'
'1"boys, members of a hockey team participating in the Edmonton
Little Richard League' for the _community of Malwo," All h
blwplayere were 8 years of age a8 of December 31, 1973. They
vwere highly trained and the team finished second in the City |
of Edmoﬂgon for that age group.v Some characteristics'of | ‘iﬁfg

X -the subjects appear in Table'3 (Chapter IV)

o The three batteries of tests used were a hockey skill
,“test battery, a laboratory group of measurements and the
JCAHPER fitness performance test as desoribed in Chapter I
A All physical performance tests were done in the main
;;b%gymnaeium and in the Exercise Phyeiology Laborator%i:f the
-_iUnivereity of Alberta, and at the University of Alb ?
_'Hospital for theix-Ray of the wrist The hookey test was
| fﬂdone on the outdoor rink of the community of Malmo during
szthe seqond week of February and all the other meaeurements
_ihawere taken within a month of that time. _'." L
TESTING PROCEDURE ' L R
p;aThe Hockex Test o : 4wd"\t.. | i:.,
PR Near the end or the hockey season (ie. after 30-40 games)

v i N L N . . . i N
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| on February 13th 1974, the fourteen boys were evaluated
.'for their skills,  The test was performed at 5 p.m. and at. o
- a temperature of 15 degrees Fahreinhelt above zero.-;ihe |
N test used was the one suggested by Hockey Canada which wasf‘d
‘developed by Hansen et et al. (33 34) The battery of tests dg
} 'includes four items. forward skating, backward skating,,,’
_'iiagility and puck control The backward and forward skating .'g* Ny
»E‘wae measured at 60 90 and 120 feet with the start on the jfdfﬁ
"goal line and the first mark at the first blue line, the nf'

7',second mark. at the center red line and the third mark at

‘_the far blue line, The - time was recorded in seconds to onewﬂ?_[~

| tenth of a second at each distance. The subjects were sent hfift”
v_f two at a time to. increase the motivation, but only one was '7l;,fw:
';ftimed each time.' The signal was given verbally by the i-xdf'”dfi

1starter to the performer who started about lO feet behind
‘n'the goal line and a visual signal given to the timers when

_ihe crossed the line, eliminating the problems of readiness ljjcdt
o and false stdrts..¢;¢u,» AN _”‘ 1f_”"'_g,' U
__t The agility test conqisted of a epeed skating following
faffthe pattern presented—in Figure i. Starting at the midpoint wﬂiﬁ
g{'between the blue and the central (red) lines the subject i
_’tsskated backward to a pylon behind the blue line and pivot
Sifturned forward.rlhe Jumped over the blue line and skated
. forvard to the stick lying on the ice. He then ran along o
. the length of the stick and d1d a figure eight pattern 3}*s}}f55ff,
“Earound cones\on the red line. The finish wae at the blue

“'fline, 15 feet farther than the starting pointi If the i-mf¥]g53“7
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~on February, 13th, 1974, the . fourteen boys were evaluated

for their skills. The test was performed at 5 p m.-and at
a temperature of 15 degrees Fahreinheit above zero. 7The

L test used was the one- anggested by Hockey Canada which ‘was t‘._‘
- deve10ped by Hansen gf;gl (33 34). The battery of tests f:

3e2

includes four items' forward skating, backward skating, _,ff"'

- was measured on 60 90 and 120 feet with the start on the
goal line and the first mark at the first blue line, the fif_; -

second mark at the oenter red line and the third mark at

the far blue line._ The time was recorded in seconds with :

~ﬂ one digit after the decimal point, each time the subject

went across the three testing points. The subjects were
sent two at a time to increase the motivation, but only one
was timed each time.' The signal was given verbally by the

starter to the performer who started about 10 feet behind

the goal line and a visual signal given to the timers when }f&ff?f

he crossed the line, eliminating the problems of readiness
mm.nnsesnutm‘;;gﬂf-" e ..,j[,_.‘_."]'-
“-* The agility test consisted of al speed skating following

the pattern presented in Figure l.i Starting at the midpoint
' between the blue and the central (red) lines the subjeet f‘ b
skated backward to a pylon behind the blue 1ine and pivoti}t;;ffig

§

agility ‘and- puck control The baokward and forward skating

.;a# T

turned forward He jumped over the blue line and skated ;fﬂ,ﬁfﬁiV

'}ifforward to the stick lyins on the ice. He then ran °1°n325i13?;”1
i‘”athe length of the stick and did a figure eight-pattern a-)tf;?i;f}
*Ta}round eones on the red line. The finish was at the blue ?i}frﬁ*f

'wjjiine, 15 feet farther than the starting point.- I?;t??;:;ftiﬁvf ey
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participant fell during the test he was given a repeat
~_trial S '
The puck control test was the Farcotte modified puck

's-control test | A representation of the pattern of the test

'appears on Figure 2 From a standing start with both skatesgide
touching the goal line and with a puck at his, stick, the e

.“-BUbJect Skated to’ Point A, stopped. changed direction, ’*1
fl(still skating forward) skated to cone #l and then weaved

_through cones l 2 3 and 4 (as indicated on the Figure 2)'r“~<f'i:5

'{"~then skated directly to the finish line.“ For this test,

B incorrect execution was followed by a repeat trial after theik

"ﬁ other subjects had completed the test The watch st stopped

- 'as the subject skated across the finish line.n_,ij*fﬁiixjﬁ'
| Both puck control and agility tests were performed by

I.reach player individually and a clear prlanation and demOn"fefffj

iestration was given prior to the beginning.A All battery

ftests were performed WIth the players wearing their whole e@iJif

>ff;hockey equipment

'T,€MAXIMUM OXYGEN CONSUMPTION TEST

During the laet week of March, all subjects were tested

-ﬁf for their maximum oxygen consumption on a Monark bicyole er-&;jlﬁ;ﬁ

5\f1gometer modified at the University of Alberta for the testing

'-' oi‘ young children. The test used wae a qraded discontinuous

’ttest After a: 5 minute rest period (sitting on the bike), ﬁ'99?°*71

‘jl[each subject performed two workloads of four minutes each,
v“f{separated by aliive minute reet period Expired air was -
f;fcollected in a Douglas Bag during the~1ast minute of eaeh

./,
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'“'ﬂpreesed in ml/kg._r'

.;4 _42‘
~~jworkloa/d and’ was analyzed for O2 and 002 content by means of
" a Beckman paramagnetic 02 analyzer (Type EZ) and a Godart
«1nfrared CO2 analyzer. The pedalling rate was - set at 60

v’ j

revolutione per minute. Maximum oxygen ccnsumption wag: ex- f

o The initial woskload w;s determined from a PWC170 testx;_ffg

A ‘that the subjects had taken a few weeks before.‘ Thie work_fhh"

esload corresponded to the intensity at which they attained a 1;_,e
:heart rate of 170 beats per minute,, The second workload

was chosen a;hitrarily to get a maximum oxygen consumption

-Tffrom the subje t during the last minute of\this second bout. ;yi.
.:The subJect was asked to pedal as fast as he could during f;f%ir
y the last minute of the second workload to attain a maximunloz

;consumption. The procedure was adopted after experience in testing

'3children for maximum 02 consumption.: At that age children ;f?

'?‘are impatient and as the time goes bY they 1°3° interest

| ff;and it is really diﬂ'hcult to obtain.a true maximal value ;fﬁif“‘“

~;§“of 0y intake if a large number of workloads are used Thie =
i;f,method makes it possible to complete the test in about twen-tllf'f

7;f%ty minutes, including the rest period

MY the gas measurements were. corrected to STPD. The \
"ffroom temperature Varied between 22°and 24'0 and the relative 5

humidity did not vary more the.n 15% (43—58%) -'rhe baromet‘ic

.%fpressure was betweem 700 and 711 mmHg.. The ECG of the Bub']:j“:ff
;iteject was recorded on a Sanborn 500 visOoardiette, Irom a

]w'three 1ead poeition, two on the chest and a third rixed
:tpfgust below the right scapula, and the heart rats calculategs
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s*'from the distance between three adjacent QRS peaks with the p‘
'paper running at 25 mm/sec. _ N

Prior to being tested the subjects were weighed in |
pounds and measured in inches on a Detecto—medic scale, The il
pounds were converted to. kilograms to give the MVO2 in ml

. N
per kilogram of body weight. _

| CAHPER FITNESS PERFORMANCE TESTS (10) | |
. l a) The 50 yard dash was a‘timed straight-away sprint
. run in pairs, > ‘a' 4{3 f : f 1 L |
f b) The 300 yard run was a timed (six times 50 yards),_}j~"
. straight-away, back and forth around markers, It,Was algoe-_.
. run in Pair3°d' ﬁ,l: | “.5% N : tv ‘(U: <
o ”lc); The shuttle run was a back and forth run between |
:d,‘ltwo lines, thirty feet apart The subjects had to pick up s
. a small block from the far line, bring it and put it on. the;;‘”’
‘f::.startiné_line, run back, pick a second block and run across;r-all

':fthe starting line.. The subjects had to start lying on the f;f.¢ﬁ

’*filfloor, face down.; The' time was. recorded in second5° ?3

. d) The one-minute speed sit-up test in which the sub-A;hfbaf
C*lfject started from a back-lying position, knees flexed, feetféi:vﬂ

TiJiflat on the fioor, The subjects' feet and Ilbxed knees were

'ftisupported by the test administrator._ He sat up touched both fttf7
“;elbows o his. knees, then returned to the starting position.; T
J“The number of times was recorded* Tnlfvfi”fﬂ; o '“

v_‘;d"e) The standing broad jump in which a distance trom a el
take-off line :: the nearest point of landing from that line Q{E?ﬁ

;~ was measured in inches, .;f:;f, _t;-ﬁf_gf}.ig;"‘;
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, : / :
, f) The flexed arm hang in which the subJect tried to

:hang as long as possible from a horizontal bar.. The time

wae recorded in seconds. ’

%leasures were taken in.the strength 1aboratory. |
:test was performed using a Stoelting adjus- :
5amometer. The results of two contractions |

Qﬁ best result wis retained (Hethertngton,

;ﬁ a modified model of the new: Hettinger chair,

J{:the machine shop of the University of Alberta by

;}ical Services Department and equipped with a

:seat for children, measures were’ taken on arm ex—"l“

?1d flexion (elbow extension and flexion) and knee

- exte: _wfi,EMeasures were made using a Cable Tensiometer A
hhbdeldis,QSerial Number 10945 (Pacific Scientific Company),, S

f;ﬂ#éndne;;f.‘ﬁted before each session of: testing Conversion \fflf

avles fpfrom the tensiometer units are round in ]

a3, E, Two trials were performed for each test and thew

fe;best wag recorded (39) The starting angle was 90 for all

" tests, with- “the forearm parallel to the floor and the leg

?};Tperpendicular to the floor.. All strength measures were taken

';fé°n the left limb. Q}hh;if' '_.:_ = 'wf _’ ,.' r ’,,f ‘ ”

'fjf The CAHPER tests and the strength tests were perTormed
’Jring the same testing period, but several days arter the

'ieimaximum OXygen consumption tests. ;‘~‘.' R

Do



'-Vand procedure were as fOllOWS'H
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SKELETAL AGE . } . ,

Skeletal age was estimated by the hand-wrist roentgeno-
graphic technique outlined by Greulich and Pyle (30) ~ Hand
wrist roentgenographs were taken by a registered X-Ray | :
technician from the University of Alberta Hospital in Bdmon-

ton. The roengenographs were interpreted by Dr. c. Stuartu

‘\aa‘

Housto&,tprofessor and assistant director of the Department fﬁ :
of Diagnostlc Radiology and consultant to the Saskatchewan
Growth and Development Study. _" o " |

The specifications of the roentgenogram, maferigls;[

g 11; The 1eft hand wasplaced palm downwards . ‘ :
in contact with the film ‘and the axis of the middle finger .
~ wvas in direct line with the axis of the forearm. The fin-fff, |
ﬁjtgers were slightly apart and tee thumb placed in the com- i

ﬁ_a: fortable, natural degree of rotation with its axis making :

‘an angle of about 30 with the first finger. ,Thevpﬁlm;was,f
pressed lidhtly downwards on the film.E “V,f}]f Cf R |

Yo, The tube was centered above thb head of the thirdt e
, }iwmetacarpal at a: tube-film distance gf 30 incheﬂ-«r_ﬂfwi*;;““
"559 The type of films used were, Kodak:x—o-matio cae-* S

"settes with five intensifying q%ieene and Kodak X-o-matic f_pﬂf

_Et "G" films..f*‘s -

- 4 The fi&me were. identified in theedark room and pro-t;:ffi
‘tlfycessed through ;\Kodak M6A processor% ~.1: § .." _‘_ L
© 5. The expo’ure used was 200 na (milliampere) at 0.1

;'5isecond and 54 kildvoltsﬁ% fa”}jwct’t’f“:ficff“*?;,t; f“f“i;»

.v(
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THE PERFORMANCE CRITERION '
he hockey players were evaluated and ranked from l to
1hJ6§Ttheir two coaches (Table 14) All 14 players were
'forward players, the goal tending position being held in
| rotation by four of them throughout the season. It should
. be noted that 1 was the'highest rating and 14 the lowest._

Hence, some correlation coefficients are negative when the -.f[-i

' performanoe\criterion is involved

'STATISTICAL PROCEDURES | R |
A correlation matrix was computed from the results of

“the three different groups of tests and the performance

tcr:::iion value. The calculations were performed by the

f’gram for oorrelation from the statistical package Ior Social

) Sciences (srss) (52 p 181)

: e
A regression equation was computed for each group of

“tests versus the performance criterion. This gave the ori--*

rginal regression equations. From the oonsiderations of the

A?

'multiple R's obtained for each group of data, and the corre-l
€ ,

- lations 1nter-variab1es and the correlation,of variables

r IBM 360 of the Unlversity of Alberta using the pro-

46

",fwith the performance criterion, multiple additional regres~»7o

| ﬁfsion equatiohs were teeted in an attempt to find the best

vﬁtipredictors of performt,cd using as many hookey tests as
‘_' The small number of subjeqts did not alloﬁtthe use: of
:afthe stepwise regression equation (5e,§1) and the different

| ;steps (introduction of a new variable or displacement of

A



o

,

" where y

one) were done by eonsideration of the increment of R2:

to that variable an& its correlation with the other predic-k

tors and the criterion. v

The generalized equation of the model is:

y - Bow + lel + B2X2 + \-u L] ». * L . * - .+> ann 4:\

ll‘

predicted y (y criterion)

Y

constant term SR S \el
.= regression weight

' preuictor variable .

f w

The variation percentages (r X 100) ‘were - calculated
from the coefficients of regression between the prediotor

and criterion variables.

The regression equations were determined using the re--

due )
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gression program of tHe SPSS on the IBM 360 computer of the7 ;

University of Alberta._ .



CHAPTER IV
- RESULTS' AND. DISCUSSION |
© RESULTS o
1. The Tests | |

The raw scores for all tests are presented in Appendices
A and B, Table 3 gives the . means and standard deviations for
| the antrhopometric characteristics of the subjects. The means'le
.‘were 105, 6 months, 108 S months, 52 8 inches and 62 9 pounds s
"for chronological .age, skeletal age, height, and weight, res- _f’
{ pectively. The means and standard deviations for static |
‘:tStrength tests are presented in Table 4 along with the ‘means

and standard deviations for hockey skills tests. On the hand .

- grip strength, arm. extension strength. arm flexion strength

. and knee extension strength tests the 14 young hockey players =

l’obtained means of 43 3, 16 9, 20 9. and 42 5 pounds. respec- .f,fl

-tively. “The group of subgects scored 3 6 5 0- and 6 5 seconds'_;.

',';1n front- skating 60, 90" and 120 feet in order. For the back -

:Askating the. means were 5.4 seconds on the 60 feet 7 7 secondspfpz

" on the 90 feet and 1o 2 seconds on the 120 feet The hockey

_fagility and puck control tests yielded means of 12, 7 and 18,5
4seconds, respectively. For the CAHPER Fitness Performance “.ll
| Tests (Tab}e 5) the 14 boys involved in the study averaged jf4h;ﬂ
T8 9 seconds for the 50 yard dash 68 5 seconds for the 300 4

;yard run and 11 8 seconds for the shuttle run ' On the flexed jh'w

-l_‘ P

- 43 o
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arm hang test they malntalned the ‘position for an-average of
57,7 seconds. They jumped 55 7 lnches on the average for
 the standing broad Jump. and completed an' average of 30 sit-

' ups in one minute. The average pre-exercise heart rate and

;m§ximum heart rate were respectively,~97 07 and 198 85 beats'

_per minute (Table 5) The average MV02 for the group was
':741 0 ml/kg mlﬁ (Table 5). -



ANTHROPOMETRIC CHARACTERI&TICS OF
THE SUBJECTS (MEANS AND S.D. )

TABLE 3

© CHRONOL,  SKELETAL R
" AGE . AGE . .. HEIGHT a WEIGHT
(MONTHS) - (MONTHS) ~ (INCHES) '(POUNDS)

105.6 © . 1085 52,79 = 62 9
fa8 . Mtess o tigg o %3
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2, Correlation Coefficients and Regression Equations
Correlation matrices for all variables\are found .in
__Appendix C.. The detailed regression equations are found in

"rAppendix D along with the summary of analysis of variance of

\§° The level of significance for the rejection of H and -
:the acceptance of Hl was - fixed at .05 and 0 10 for the pear-ll“

.son product moment correlation coefficiente and the multiple )

'”71R respectively.

fCORRELATIONS ~-. S ,_f_;'**"{f;fdf:;frji.  e

-" Significant correlations were found between the fol-.;_jﬁ'fﬂi
"lowing variables (P( 05) it o |
l) Skeletal Agﬁ and arm extension strength arm flexion \

‘{.strength, hand grip strength. and puck control. respective- "i |

o fﬂly, 0. 54, O 51,‘0 73 and O 68

o 2) Am extension stren th‘and hand grip etrength, A

“l;”?skating forward 120', skating baCkward 50'5'skating backwardiffii{f

tt“ﬁtlzo' and P“°k °°ntr°1“respective1y, 0. 56 0. 46 -0, 51,1,A,f5[f‘“°'
f,-O 54, and o. 46 | '.il :5-»;- *»,_4 ,f fq v.--a.

c 3) Arm flexion strength and arm extension strength,

57'Qfskating forward 60'; akating forward 90" skating forward

'ffef120'° respectively, 0 48, -0 75,_-0 68 and -0 46

R 4) Maximnm oxX Iggn consumption and the performance cri~if;;;{:f
i";;terion -o 548._;Q,Qf T;,,r;,¢7,;ev~: e Ty

20 1ard rgg and sit-ups per minute, arm flexion'ff;?ﬁinf'fﬂ

tif;strength skating forward 60' and skating forward 90" ree-‘ffﬁr

.-.’».




‘*r;flation Coefficient oé each of the three batteries of tests

| 54
~ §

- 6) Hand grip strength and sit-ups, 300 yard run, agili- L

ty skating, puck control respectively, -0 49, _o 55, 0. 50
Cand 0.76. f o ; o ,__. ".;9_7. , |

8) Shuttle run and skating backward 60' and skating

tbackward 120" respectively. r = 0 70 and 0 56 |
. 9) Flexed arm hang and 50 yard run, sit ups, and
) standing broad Jump respectively,*-o 48 0, 48 and o. 48
| 1o) Skating backward 60'and skating forward 120' '

;ibskating backward 90' and skating backward 120'- respective- Jci;;r
',*,‘1y, r = 0. 47, o. 72 and 0. 94. ,,i*~“‘ j[” R T
ii'“t 11) Skating backward 90'and standing broad jump, T =-‘f;___;}_
‘f~‘f-0 57.r»_;.‘~f,¢~“T75~'”7{'fﬁffﬂ‘;i;ﬁ'fff";F ‘:‘. “’Tff7;ﬂf(f£
- 12) Skating backward 120' and skating forward 120' and
’t.‘dekating backward 90', = O 46 ”andlo 80 ) hf o
| 13) Puck control and sit-upa per minute and agility, rf?ﬁv??7”

‘-71?reepectively, r =~-0 63 and 0 46

i;ft_MULTIPLE REGRESSION

The first step consisted of fin?&ng the mnltipIe corre_i;?inpr
N ﬁlfﬂ

*}d,with the performance criterion. Thie was. to determine which

.'f]of the series of tests were the best predictor of performanceffhﬁfi

“'1b;as evaluated by the coaches. The nexﬁyetepe CDnSiBted °f

'7fff*ment of teets from the three batteries.- This prooedure ceuldf“y

:f}attempting to. find the beet predictor ueing the beet arrange-ﬁa. -

It wae thue'dcneﬂ

*Tﬁffnumber of eubjects and the nnmber of tests.
SR
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:by.hand'-retaining the best correiated-faCtors With the‘ A
1cr1terion and ellminating factors having hlgh ( .40) inter-

- correlations._ Thus 1f the correlation coefflcient between -f
k> 3 Y

o factor Pa" and the crlterion was O 54, the” correlation coef~

~,»ficient between factor b and the criterlon O 52 and the :
f}correlation coefficien% between the two factors was O 50 then “:l;
'hfactor b was reaected from thetpredictor list and "a"»l”:'
't‘retained | | — “ = | S
| For all regress1on equations, the level of significance e
.con31dered mlnlmum was O 10 ﬂfff; fw;lﬁgArff'f ff =
tLABORATORY TS e e
The hlghest multlple correlation from the first three

blo s of tests was found using the laboratory tests as pred-'

"rglctors.; The multiple R in’ that 1nstance was 0.79 w1th an R2 “b‘°

.fof O 624 Thus, 62% of the variability of theéfriterion withift]~f7

ﬂ*<lthis series of measurements can be explained . The F test

°5t;tshowed non signlficance at O 10 level..ﬂ.

The regresslon equation obtained reads as follows. ‘
9 13 22 -0, 286X + o 013x - o 5271 + 0 484X4 T };#Tlfﬂht
0 038x5 + O 0981('6 pra e ST

'“?{;(A being MVOZ,_:§-= skeletal ag% X3 arm extension. X4'%ffj_f]777

e'Tﬁ;arm fleX1on, X,f— leg extension,and X = hand gri )
Sl 5T 6 P

. the regression c,oefi.‘icfi-’eﬂftis. aretheobtaindfrom l"z_fawf} data




gy FIELD TESTS |

‘ . The second best predictor of hockey (performaﬁée cri-.

teria) was the fieid test series (CAHPER fitness pquormance

‘tests) - The multiple R computed using that group of pre- Bt
dictors was() 68 | The Rzmes equal to 0. 46 allowing dne'to _A;-.7"x‘v”

A_explain about 45 8% of the variability of ‘the criterion

- using this series of tests. The F test showed no signifi- A
;cance at. the 0. 10 level i o 14 | " : '. AR 'ri?fip

“ The regression equation for this set of measurements o

, | _‘ o | _“x_..vp,_‘ 'f-jf.'-i, 'f:“:,if”f"T:'; B’ ..pi: o

= 11153 - £z, + o, 014x2 - 2.850K - 0,032, - e

,,f 0, 44ox5 - o 192x6 P e

F‘.7v,
') _

r,'X\*\\flexed arm hans, X5 standing broad Jump and x6 = sit-;ﬁ-ﬂ“

"ups per minute)

'.THD HOCKEY SKILL TESTS | ”?fz*“3?7;77f}f1571?f? L

| The hockey skill tests produced the worse prediction
’f[with a multiple R equal to o. 44 and a R2 of 0. 19 explaining
jzfas less as 19%"of the variability of the criterion.. The T

The regression equation in this instanoe was as follows.gyfiﬁ“?

_n;;?'= 1o 8 = 9 237x + 7 152x2 " 1 389x + 2 473x o 3 964x5;£*5‘1***
;fj- + 3 027x6 - 0. 178X7 -0, 418X S e

fg(X 5 skating forward 60 s X2 skating forward 90', x3;5 .
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skating forward 120', 4~- skating backward &9' Xg 3 skating
bﬁékward 90',\X6 skating backward 120', X7'§ agility,

.JXB;- puck control)

oy,

'THE SEARCH OF THE BEST EQUATION
In this second step,.lO regre831on equations were de-‘
| veloped using different arrangements of variables. wa of
‘them-(Regression Equations 6 and 7) will not be considered
f.here because of their weakness to predict performance. These
'_two equations produced a multiple R of 0 Sl and 0. 30 res-"
- pectively. The eight other series gave multiple R higher
f,than<>6o — ,' L S
| Even though most of these equations had multiple R's ’\' .
f higher than the Field Test and‘the Hockey Skill Test, only |
s:one of them appeared to be signiticantly diffsrent from 0 |
ziat the O lO level.1 This series of variables (regression o
°7equation 5) produced a multiple R equal to O 81 allowing
gtan explanation for 66 O% of the variability of the criterion.r/lﬂiz
:iThis equation was composed of the following Variables. MVOZ, )
uarm extension strength, standing broad jump, skating forward

j~6of‘and skating backward 120' This equation contained the ,;;;iﬁ¥“f

55highest simple correlation coefficient between predictors e

?’and the. criterion as well as the variables among which the ff:§"~fsv
piinter-correlation coefficients were as 1ow as possible o
?j(xx( 40) If we examine this equation cleser,.we can see }
i,that the variable which prodnoed the greatest ohsnge in the _ |
ilmultiple R was MV02 contributing 30% or the 66% of variabi—n,fr}}ifff
f?iity explained by the whole equation. Skating forward so. ng;aﬁfs;if



‘,'number 11 with a R = O 71,»equation number 9 with aR= O 71
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zaccounted for 22, 4%P\f\t%§!66% and arm extension for lO 3%.
w?jThe other two variables contributed less. than 2% each
(Skating backward 120'; 1, 9% and standing broad jump for

1), | | | |

. I
‘ This equation would b;\expressed as follows.

9 5.45;255=- 0;378X1 --0.362X2 + o.ozx3;f 8,18X4"+:1.i9215

_4(where Xl = MVOZ, X2 = arm extension,lxs =fstanding broad-
- jump, x4p_ skating forward 601, Xg = skating backward ;20') |
. All the other equations produced non significant Rﬁs.
In order, the best prediction after the one mentioned above i

was. given by equation number 8 with a R of 0 72, equation

equation number 4 with a R = O 69, equation number lO with
f;R = 0,68, equation number 12 with R =’ 0 65 and equation num- -

,aber 13 with R = O 64. It 1s of interest to note that MVOzf”:g_ia~

'f:was a variable in all of the best predicting equations andffa‘*
.u;that the only two equations in which it did not appear are;* -

ﬁ:jthe two that were rejected at the beginning for having 1°w;;l;,<”

i5multiple R's (equations 6 and 7)




DISCUSSION o f i
The aim of this study was to analyze the possibility of
uSing the Hockey Canada battery of hockey skill tests to pre-

A.dict the overall performance of young hockey players of K

eight years‘of age. No comparable study has previously,A

lbeen‘done_on a‘group_of this age. HoWeVer,.for'the non-

‘hockey yariables, comparisons can be made using results ob-

tained for'similar measurenents from other studies. The

_results from the correlations and regression,equations can

.be compared With the results from different age groups on-

o

Hansen ‘obtained means

which Similar studies were performéd

The height And weight of the group studied 52&31nches

'and 62 o pounds, are comparable to normal children of the -

same age group,as Adams (l), Cumming (19) and Howell (38)

"reported These studies reported weights of 66 66 and 61 82‘
*poundsand heights of 52 4, 52.8 and 51.12 inches, respectiveiy.f@

However, the maturity of the hockey players in the pre-”;5~277

1sent study appears to be slightly advanced, as their skeletal
"agewas somewhat higher than their chronological age.; This l
differsnce oould not be considered significant as the vari-dfeﬁtiorj”

,i ation in bone agewas'very wide.. Their chronological age was.

105 6 months (%AD 2 8) and their bone agewaa 108 5 (S D.;‘v ,7T}"!"'
12 58) e I e L S :

;’sent study appear to be better performers than the 41 chil- m“_lfgoai

'sted by Hansen (33

dren (8 to 9-1/2 years) ‘
£ 14 09, 23 15. 5 70 and 9,84

For the hockey skill tests, the sub;ects in the pre_fey;r;:a-;y_
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»

5 .

seconds for the agility te)t the puck control test and the

- 90! speed skating forward and backward, respectively. %gs//
lchildren in ‘the present study obtained the following results
‘ifor the same tests, 12 7, 18.5, 5.0 and. ’7'7seconds. _The'

high performance level of the present sample seems to ‘be

4
)

second in the c1ty of-Edmonton for.their age group.,

confirmedihere, It should be recalled that the. team=finished

The results obtalned 1n the present study for the max-
imum oxygen consumption however, nere lower than the ones )
reported in the literature for that. age group as the mean
) MV, was 40.1 ml/kg.min. Astrand (2) reported MVO, of 56. 9
ml/kg min, for boys 7-9 years of age. Mirwald (49) obtainedv
58.45 ml)kg min, (on treadmill) for boys of - 8 years, as :

 Cumming. and Friesen (155 obtained an average Vo, of 53.8 \\/’ :
- ml/kg min. in boys aged seven to fifteen. The possibildty |
that not a true MVO2 was obtained could be considered but

~the heart rate for the last mlnute of testing was sufficient-;l';
~ ly high to consider it as maximum heart rate. The a#erage»,v
} max1mum heart rate in the present study was 198 85, while o
'fCummlng (17) reported 292 beats per minute,sso that a true |
'-‘I-IVO2 is expected The differences in procedure for the tes-“
.ting ‘could account for some of the differences observed |

The data from Astrand ‘as well as from Mirwald are hard to ???7”



‘ '.:the flexed arm hang and ‘the 50 yards. {

[ ]
compare because they did - the testing on the- treadmill (MVO2
being about 8% higher on a treadmlll 3)). |
In- the CAHPER Fitness Performance tests the hockey
Aplayers involved in this study performed better than boys ..
.of the same age as reported by Cumming (19) ‘and CAHPER (10)
'Cumming reports the follow;ng results. 50 yards, 9 3 se-
conds' 300 yards, W seconds, shuttle run, 13 0 seconds,‘i-aj_o‘"; /
flexed arm hang, 27 0 seconds, standing broad jump, 51 in.
~and one minute speed sit-ups, 27 The CAHPER means for '
‘that age group are: 50 yard, 9.5 sec.; 300 yard, . 78 0 secz,;V
'shuttle run, 13 3 sec., flexed arm hang, 23 0 sec., standing
'broad jump, 47 inches and one minute speed sit-ups, 24. In
 the same order the group in this study obtained 819 sgg
- 68.5 sec., 11.8 seéc., 57 7 sec., 55.70 inches and 30, 0.
. For every test ‘the subaebts of this study were high in ‘the
‘ 'CAHPER percentile scale. They were . above the 90th percentile :

‘for the 300 yards, the 85th percentile for the standing
broad Jump and speed sit—ups and the 75th pereentile for

| The strength measurement can be compared to Howell'
-‘study (38) on young Albertans. Howell reported measures of -

| 31,37 pounds, for the grip strength of the left hand of boys f{_“‘
'of 8- years of age, . 28, 07 pounds for the elbow flexion | :("

| strength of the left arm, 24 63 pounds for the elbow ex-gf--"'

‘f Jtension of the left arm and 50 84 pounds for the knee ex-~. iiy,
ﬂ‘stension of the left leg. The hockey players appeared to be

‘-,'stronger only in hand grip strengtr, where they obtained a -

«,4 N




'mean of 43. 3 pounds. .The results. for-elbow‘flekion,:elbow}
extension and knee extensionwema respectively, 20.4 pounds,
16 9 pounds and 42,5 pounds. | |

To summarize, the subJects in this study were somewhat
better than most of the values found in the literature for
the. CAHPER Fitness Performance test, oge strength measure- “
| ment out of four and for the hockey skill tests for which

some values have been published However, they were com-

62

Tparable to other Canadian samples for height and weight but -

 below the average value for that age grouq.ior the maximum |

~ .oXxygen consumption measurements.

The correlation between the criterion and the variables‘

-cin each series of tests will ‘be discussed by comparison with'y'b

-similar studies reported in the related literature in a
-

fgeneral way, as there is nothing similar on hockey. However,f«xr-

the correlations and regressions obtained between the labora-i

- tory tests and the. criterion will be compared with the study‘*ﬁ

»:of Bouchard et al_\?7) The correlation and regression o

: carried out from the skill tests and the performance crf—:~} .

_terion, as- well as the correlation between all tests, will

E be compared w1th “the results of Merrifield and Walford (48)

. and those obtained by Hansen on the same tests. h’j'” Q;Fj;zk‘zf:

It is appropriate to stress at this point the inherent

"danger of making cross study comparisons of correlation, re—_rf_}

'i'liability and validity coefficients. Such coefficients are.
*strongly influenced by the homogeneity or heterogeneity of

'”,the sample being used to determine the coefficient . The ‘;];f

e
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b ) .
following example demonstrates this danger. Any'ofjthe hoc-
key tests, i e., avility, may be shown to be highly reliable,
or valid if the coefficient is calculated from a sample |
comprised of an 1nternaticnal hockexkstar, an average in-
tramural player and a non-skater. ‘The same test may be

- shown to be completely unreliable and not valid as the co-~'. 5

efficient is calculated from a. sample of three international
hockey stars. Thus cqrrelation, reliability and validity i
coefficientu are only meaningful for the sample from Whlch
they were calculated, unless all preVious influences can be f

eliminated

SKELETAL AGE AND THE PERFORMANCE CRITERION !7,.6

The correlation ccefficient obtained between bone ageA

and the criterion of performance in hockey playing agrees .

: With the trends shown by some of the researchers whohave con-
s1dered this parameter in youngsters below the age of 9 |
Rarick (55) and Balasz (4) have shcwn that bone age is not

an 1mportant factor in prediction of performance in chil-»

© apen younger than 9 years.‘ Their performance crlterion was‘i: o

",,/t:: results obtained in fitness and strength tests, The il S
only study which could be compared to the one discussed here ‘iA;ii“
- is Tihanyi's reséarch (58) In thisgstudy, even though the B

'b children were 11 and 12 years old, he compared the variables. |

measured with the actual performance in swimming.‘ In this
study, bone age was the third most important contributing

ldt variable. Clarke and Harrison (11) found that the difference

between normal, advanced and retarded children for strength y?:_;,



diminished for children under 15 years of age.
_ The correlation coefficient ‘of -0 04 (non 81gn1ficant)
- found here on this group of children aged 8 is in agreement :
1with the results reportedin1me]nterature However, it is of |
.interest to note that bone age was significantly correlated |
to grip strength of the left hand (r = O 73) This result

is. comparable to the study of Clarke and Harrison (ll), who

. ,reported the biggest difference in grip Strength between -t_, L

.retarded normal and advanced boys at the age of 9. The 2
: correlation between bone age and MVO (r =0, 12), on the
:Totherhand is in disagreement with the results by Hollmann
| }and Bouchard (36), who found better correlations between
| -:biological age and Mvoz_than between chronological age and
'“? MVO (r = O 89 and 0. 86 respectively) However, their high
’correlations ‘were’ to. be exoected due to the fact that they _'lf"

§ were investigating an age group;from 8 to 18 years of age. o

| MUSCULAR STRENGTH AND THE PERFORMANCD CRITERION |
‘i{(f fi None of‘the strength measurementagwere found to be in h
The highest (non significant) correlation coefficient wae
}f @obtained between arm extension and the criterion (-0 39)
R.;rThese results do not agree with the concept that strength
h';iis bgsic to physical and sport performance as stated by
Al'fDigiovanna (22), Wilhelm (60), Barry and cureton (5).

signrficant correlation with the performance criterion here. _wf;;*

'1Clarke and Petersen (12), Clarke and Wickens (13). Hooks f“-“n'f;fd

| 'f:(37) and Tihanyi (58) and demonstrated in their studies.‘ |
-'a”However, it should be kept in mind that | o



65

t.pnly Tihanyi (58) compared strength measurements to aotual

'e‘performances in a competition.. Wilhelm (60) in his study

‘5on football success, also found that strength was a very

L

important factor._‘

. On the other hand, the results of this study agree with

. 'tﬁe correlation coefficients published by Bouchard et al al.
f;(7) In the latter study on junior‘snd professional hockey =
‘players, they found no correlation higher than =0.304 (arm

'extension strength and criterion for the juniors)»v They ob- : {;:

‘tained multiple R's of 0 596 and 0. 464 (Juniors and pro— y'

"~_;(arm extension, arm flexion, leg extension, sum of strength

fessionals, respectively) using the strength measurements Pif"

B
ot

7‘t:measures and total strength per unit of body weight)

It is of interest to mentipn that some measu;es of

strength were found to be correlated to some- of the hockey o

- R

t;‘skill tests in the present study. The two which are of any
3 lsignificance in the theoretical approaoh are arm extension

L strength, which correlates significantly (p( 05) (r = 0 46)

*?}with puck control and hand grip and puck control (r a 0 76)

‘afAny furthgg,tmplication is beyond the soope of this study,

1”fffin Which no attempt was made to investigate the implination :

"'e,of particular phygical qualities/in playing hockey.p These L ';?;

5 fi'coefficients are probably another example of ths "distortion"f"v'

. due’ to the homogeneity of the sample as one would have ex= f}f.133

J.y;fpected a negative correlation, if any for these~parameters;5? g

"f‘MAXIMUM oxrosn consumsmxon AND mns PERFORMANCE cnx@snxon

Maximum oxygen consumption is the parameter which gaveffffffsf



-:f-Pw0170 in. grade four boYB-- Bouchard (7)

“the highest'correlation with the*perfornance criterion {f

~(r -0.54)  This® correlation coefficient though it

the highest, cannot be conSidered to represent
\relati nship. Many studies have reported 1d@

:betwe MVO and thc critical performance.. T, Ishiko (40)

2.
,,compared the best time of several 5000 meter runners with
| ,"MVO2 and obtained a correlation coefficient of ~0.668. ,‘}”fi‘
*fis of interest to stress the ract that the long distance
':drunners in this experiment averaged a low MVO2 per kg of
vbody weight.. This was partly accountable from the hetero—cﬁap'l:@
.genous nature ‘of their sample.~ But it is amazing that theyf;ht‘f
© found a k) of -0, 909 with the Harvard fitness teet.. He also PR
'dobtained 0. 425 for the correlation between the performance _;r"j
1‘[of orews of oarsmen and the MVO of these oarsmen._ Corbin :
;.a4 ) reported -.424 as correlation betwe;n 400 yard run and Cgfiti

reported r's of

0 251 and —0 309 between MV02 and performance in hockey

'”, fﬁfor junior and professional playere reepectively.i The mnl-ié}hff5

tiple R's obtained Ior this subdivision of parameters

}(reaction to maximal and eubmaximal exercise) is questionable

© (jundort 0,998 and 0,96, pro: 0. 980 and 0.96) and camnot be. i

'*'{ used toJestimate the percent variation of the perfbrmance _ffg:ff

'*explained by these parameters.l This problem will be dis- _;”

j.‘J,' S

~fthicussed later.l)}y,k{'iz.i;xu;-xfn-f*“r"‘"'

_ It seems then, that the commentary o:t‘ Maonab (45 X quo t-
ation;p.22, Chapter II)‘Justified here and seems to be parnffpi:
ticularly applicable to complex sports such as hockey. ;e.flﬂf!ﬁff
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CAHPER FITNESS PERFORMANCE TESTS AND THE PERFORMANCE CRITERION
o None of the'items of the battery of tests were found/' '
significantly related to the performance criterion. The C
highest correlation coefficient appeared to be between theL
" criterion and the number of sit-ups per minute (r = - 59) :e;i
No study (to the knowledge of the author) has been done to'f,%E=fi
relate the results of CAHPER Test and performance in athle-e‘> N
tics. It is then impossible to compare the present results
with those in the 1iterature.: Thelow correlations obtained
between the items of the GAHPER teet and the performance in
MVO2 is in no way comparable tb those of Cumming and Keynes
(19) and Olree et al (53) This difference ie hard to ex—,tffwa
plain,although the cited studies were performed on much &5
larger more heterogeneous groups with respect to;physical

"f abilities and age. It is of importance also, to mention g;

- that for the young hockey players tested\here, the values

for the MVO2 were below values reported in the 1iterature B
‘for this age braeket and that on the otherhand the results
f!fj on the CAHPER Test were above previously reported results.gpgfff“fi
i mm HOCKEY SKILL TESTS AND THE PERFORMANCE CRITERION S
The correlations between the skill teets and the per- wf7f"

/.‘ ST

formance criterion were remarkably low for the group stu-_f’

died here. None of the correlation coefficients showed sig-»yefiaj

| nificance for this group of variables._ It is diffioult to :f?{iiﬁt
QZT compare these results to those possibly available in the |
1iterature because the tests are different from one study

to another and very often the authors omitted to give values
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: '.for. oorrelation between tests and the overall ability to

play hockey.y But the tests used in the present study were

tested for reliability and validity by Hansen et al al (34) “*:/

i

\,and these results can be compared to what 00u1d be found in )

| _the literature for similar tests.j Hansen reported (33) the

'reliability coeffiCients and validity coefficients appearing

~ in Table 6 for the tests used in this study. It is inter-_.‘

esting to note that the highest reliability coefficient was

"found for- the Agality test (r = .87) Compared to Merri-g :ff"ﬁ
'»field's results (48) these coefficients are]ow as Merrifield
| "found reliability coefficient of .74, .80, .94 and 93 for s
rf'{skating forward backward agility and puck control.; It }s ;tb‘f'

| Fremarkable how the validity coefficients are low in Hansen'

} ft;study as the highest coefficient is .66 Merrifield re-]gfijr [
e ;ported validity coeffioients of .83. .79, .75 and .96 in

ai‘hie study. ‘Merrifield related his teets to two different

_:gﬁiratinge by c'.
A"lkand one. about't:e overall _bility of the players.' Unfor-i‘" B
‘?:}{tunately, he did

ches, one about the performance on the tests S

' derepbft;theﬁreeultsfrcr,the'dveraii;ff;y[-"

'f;levaluation. However, he stated that the puok control test

o land either the backward skating or. the forward skating may
"fifbe used to measure hockey skills and that the puck control
”"fftest was the)best singre item test for de{'ﬁmining overall

O

ufﬁice hockey ability._»:fgc';{f7'*w'gfj5?57ﬁfig_h~y~ﬁbg;n-“””?ﬁf"'f‘

Enos (25) reports very few statistical results, an°r'”¥:f535

unately, a more complete report was inaccessible to the

5 author. Although he compared his!battery to overall perfor-fﬂgaio

mance, and weighted the different elements of the battery eoff;{Ti



TABLE 6

o RELIABILITY AND VALIDITY F R T
LOLFFICIENTS OF HOCKEY SKILL TnSTS*>x :

TEST S RELIABILITY 'f,VAIQIDfoV_'

S <

Forvazd Skating '90']' oom s

?:iBaﬁkward Skating 190!i~  };*f7fr7§f  EQ‘ }1 f;f?fg§6 |
o @ | | 120. 84 62
hgility 08T o 58

-'fi:Modlfied Marcotte e T
N Puck Control _¢‘} ~  Tl .63
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as to estimate the overall ability from the results in each
test, He reported high reliability, ranging from 0 898 to .

0. 978, - ‘He validated his battery by comparing the - subjects

- battery ranks and the subjects' panel of coaches' rank, T

| rangedvfrom O 817 to O 922 These latter(iigures are far -

'more impressive than the one found in the present study for L

| the oorrelatlon between the coaches' ranks and the results

"7lfrom the battery of tests (r = o 44) although the results in

- Enos. study were not multiple R's, but~simple correlations tlﬁhv B

vﬂpfggbetween the rank on the total score in the skill tests and
l*f'.the coaches'orank ’ o N R

The correlations among tests can be found in Table 7, }‘,i‘;

| '5:where the correlations from this study are comparéd to those

| 5'£1ations reported by Merrifield (48) ihr his tests.\_

~W9found by Hansen with the same tests and to the inter-corre-_‘fﬂ;‘rt;

This leads to the consideration of the muitiple re-:f},dfdygff!

7'rjgr68810n equations., The low multiple R optained with the

‘7drgperformance eriterion may lead to three fundamentel questions
" 4n evaluation of sport skille.i Are the teete as a"group an

‘J'lestimation of the ability to. perrorm in hookey? Doee the

’iefjvariability of the criterion? Ie the oriter_on"'epr ke
';f'jsentative of the performance in hockey? The fi‘stvqueetion» A
’ff:can be answered by meane of the change in the mnltiple R due
"5rfto each of the tests of the battery. And the reeponse here

‘7f'appears to- be no. In no inetanoe did one of the skill tests

m'&,

.%;variability of each test cover a: substantial_part Qf the"‘

o

affect R by more thanwi!B% in the case of baokward skating
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‘90i;' Although the multiple oorrelation coefficient for: the |
totallty of the hockey skill tests to predict performance is -
higher than the multiple R founﬁ u31ng only ‘the best 6 pre—i
dictors._ It should be kept in mind that the difference be- :
tween these two coefficients is affected not only by ;'

the capacity of each test to explain a certain percentage

Cof the variation of the criterion.‘ The fact'%hat the num- -

o ber of subaects was relatively low here-and furthermore, the

fact that the number of variables was fairly high compared

to the sample size,and thus every multiple R obtained from
more than four of five variables is questionable as the -
sample size, as well as\the number of predictors affect 1t B
This in reality, explains thev"high" R's found even though :h:
ths r's were low in many cases. This is an example of sa-ev'
turation due to a great number of variables., It could be
A_'shown that when the saturation is complete, i e., as many

1 variables as observations the R will aIWays be equal to 1

(24 26) The results obtained by Bouchard et a1 (7) are a_gvf

L

good example of this phenomenon.; The measures of reactionsj‘{ffw1”

to submaximal exercise for instance, produced a R of .96 inffﬁi?e751

the case of the junior players, when n°e§$nﬁeiat1°n betWeen;‘&i;*’“7
the criterion and the variables was higher than .214 and

seven of them were smaller than .10 In this case, the num-‘-?f}}{f

| ber_of observations was 12 and the equation contained 10

e The multiple correlation coefficients cbtained with this 'f;iﬁ
group of hockey players of eight year olds could not be L

AR
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| comparedlto any.other.results fonnd_in_thebliterature. It
| appears that the,battery,of‘hockey skill tests is not a
| .better predictor-ofvperformance than éeneral»fitneSJ tests{,
; The lack of significance of many correlation coeffi-‘
’cients w1th hockey performance and of the multiple corre-
lation coefficients have to be expected from this kind of
study.. Hockey is a most complex and unnatural activity.
: The skill of skating is one of the least natural movements
.involved in any sport. Moving from a point-to another in
| balance on two steel blades could not be compared to any
common movement in everyday activity. Furthermore, the :

'handling of a stick, displacement on every direction, con- o

- servation of balance and consideration of teammates, as well L

as opponents must be considered j One oxr - a few simple tests:
or. measurements cannot be expected to give an accurate es- .
timation of the capacity to perform so complex a eet of |

movements. ", , Co : .
- It -seems important to again stress that the criterion of

o

Aperformance in hockey was indeed characterized by the personal

_philosophy and perception of thetwo coachee as to what is a .

":}good hockey player. The results as well as the conclusion

';;presented in this study were to a eertain extent biased in this

edirection and. the reader should keep this fact in mind in 1n-fj1_,1@f

':‘lterpreting the results.p Considerable care should be exercised _ffﬁe

”’.in generalizing from thie study as it 1s unlikely that other

.,_'groupe would yield comparable regression equations. u;;,esjjrf}fl?a’t

Sy T



| CHAPTER v
\ . SUMMARY AND CONCLUSION
The hockey skill battery proposed by Hockey Canada and
validated by Hansen et als (33) was tested as predictor of
overall performance in young hockey players, and its pre-‘
diction oapacity,uas compared to the prediction value of
.:two other battery of fitness tests not specifically related
to hockey. . ; - T
| Pourteen eight year old boys playing in a competitive -
| hockey league were measured on 20 variables divided into
three batteries of tests, hookey skil%ﬁtesta, laboratory
4 measurements and field tests. .The laboratory‘measurements e
»"were composed of a MVO2 test four- strength tests and bone
age. The field tests consigmed of the CAHPER Fitness Per-

formance test: items._ The fourteen players were ranked by _

-,_their coaches on their performance within the team. AThese

ranks became the performancg criterion used in the buildingxa

of regression equations.‘ Variables from the two other bat- -

~:j;teries were added to the hoekeﬁ@skill tests to improve the

's.prediction value of these tests.p The best multiple corre— ff;ﬁ
‘,ilation was obtained“using MVOZ, elbow extension strength

."standing broad jump, ckating forward 60" and skating back-i.*f:'

ffward 120' as’ predictors.l It was the only R significant at RS

L P‘<.10 (R o. 81) The hockey skill tests used alone gave f!

\ P . .

- N B V. B

e - AN S L B /
TR . -
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thg loweSt multiple correlation (R ="0,44), Of the three

: batteries, laboratory measurement came first w1th a R of O 79
=and field tests second (R =0, 68) Inter-correlations, vas
lidity and reiiability of the hockey skill battery were

~discussed and compared to similar studies.‘

CONCLUSIONS | A | .
" From the results presented and discussed,it can |
] ‘be concluded that the battery of tests proposed by Hochey _
B Canada (1970) is not an effective method\of estimating.hoc-'A |
?*key performance for 8 year old boys, whose ability is very |
homogeneous in nature.‘ ,;: 7-, B B “_‘~ . ;‘.
| Laboratory measurements such as MV02, Bone age,—muscu-~‘
) lar strength are better predictors of hockey performance
than the CAHPER fitness performance tests and the hockey |
skill tests in eight year old boys whose ability is very._i L
homogeneous in’ nature. However, it should be noted that}.»p |
the multiple R's obtains An this study, i.e., .79 for 1abor- : b‘
' atory tests, .68 for field tests and .44 for the hockey tests B
| were not significantly different from each other.-- o
.. Approximately 2/3 of the variation in performance in.“
hockey can be explained using the following parameters as 3
predictors. MVOz/kg, arm extension strength, standing broad
jump, skating forward 60' andisketing backward 120' in boys
o of 8 years of age whose ability is very homogeneoue in nature. wftfﬂ
o The best single predictor of performance in hockey of | .
the 20 variables studied appeared to be MVOZ/kg.Vy:;:‘ G
Compared tpcother similar studies, Hockey Canada skill

S .
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battery shows a lack of validity for boys of 8 years of age

- whose ability is quite homogeneous.

: RECOMMENDATIONS FOR FURTHER STUDIES ?c
Similar studies should be done on much larger groups
and using many batteries of skill tests as to find the best
predictors of "in vivo™" performance.. ‘ ( -
Several studies,should be: initiated to study the effeo- |
) tiveness of hockey skill tests in predicting hockey perfor- - B
.‘mance on groups whogt ability is much more heterogeneous.. l
| A standard procedure of evaluation of performance "in A
vivo" should ‘be encouraged and a- study of specificity |
generality of skill tests or skills in hockey should binccn-
V ducted _ '._ L B D ‘_. C
A new battery tests should ‘qe developed that would re~
;,spect the following%EWO points. high specificity between

.tests and high generality between test and the critegion of

_n.Performance.-ij**j S - »xig' A
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. TABLE 8
~ SUBJECTS

e
1 o

DATE OF BIRTH (DAY'

ST e e e
vH“..H . H <" - . - .
R ST

=
A

;1Donadt’ R.

‘Donald - S.

ifLund G\

. ONAME
;:Antonluk M

'Carlson R

Holgate B.

Jéﬁes B

Lelsen,B R

Lund-T L

 ‘Macnab B >}f '{::»rf3 ff'.
I:Illligan P L “ : . A

. U :

“fRoberge D
kaachuk s. S
'Iidozniak L JQ:_-]?‘- 

?12-01 65

 11'06565 
260565
240665
161205 L

- 06-09- 65
i3  f 13-07- 65?: i71f].
16-07 65[? :f€'f‘. |
w'ff5715~oz 651ffifflgj¢a§f
‘E.fos—o9-65?”gf«ff#’;)ﬁ‘

MONTH, YEAR)

A\‘;



TABLJ.. 9

ANTHROPOMLTRIC CHARACTLRIbTICS or THL bUBJECTS

e
.o

CHRONOL
"AGE

.(months)

- ‘SKELETAL

- AGE

~ (months)

* HEIGHT ~
- (inches) -

WLIGHT
Gpounds)

o

1)
ra
o

o
N

e
e

..110 e
102

;195{5

w80
0600
. ”39,5;
1035
2045
e
o dogs
1095
10000
S50

\1382‘f_"

P

AR
i
o ome -
e
2 -131551?605;«r
s, 251Ji
:{751 EI
 550’5Q,u,

102

90

lZgyi

108
;{£ }114?w{i7;

W.lsefoofs'
52,50,
53.00"
 15532§?* |
52,75
52,75 .
f ;56 25{72'H
s

52;75 !13 ?:

-'77f5f ] |
59.0
A‘6i:o '
s
, .57;dg; ‘
» ?61f5f;f

.85

74 Of;;}ﬁﬂ'

56 45 ;,
= 53 5
58 oQg‘f.
59 0;1?  ;
o
 6iQ5f} :f  i

MﬁANs”; f¢,1{

Q S D

L~512.58_;:

‘j108 5

“5279i:f?;§

620

;‘iéjf g(;ﬁ'“"

fﬁ:7?3 ;512;5 : ;

‘2;7’Qﬂ.77ﬁ--(}7iﬁa-ff:?jy'-
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. TABLE 10"
B HOLhEX SKILLS ‘TESTS
(qec.)

=
O

FRONT SKATING %
60" 90' 120'  G6O' 90' 120"

BACK SKATING |

PUCK
AGILITY CONTROL

o T o)
SRR S R TR S

W 0 ~ o s ow N
Lo . . A : ‘e

'5.7.5.0 6.6 5.0 6.9 9.0
40 5.3 T.0 0 5.6 7.5 10.4
3.4 5.0 6.5 5.2 7.610.2.
3.2 4.5 6.5 5.5 T.61005
13,5 jS;o_v6,7 o 5;8<'7{4_10;94f
3.5 47 6.6 6.078.7 11,3
_3;9j=S;3”'6.é~:f;;5{2;j7;év,g; |
35 4.6 6.1 5.2 71 9.6
37 4.9 6.8 53 7.41000
4054069 60 84Tz
40 5.4 6.9 55 81408
11?’#ﬁ”b;4; Eg47761o1
34049760 5.2 8.0 9.8
3449 61 51 T2 9%

o

"13,2

12w

13.0

155
13,9
128

a1

12,5
;(12w8;;
“ .12¢71Q. 
12,7
‘Vf12 o
,Lz sff

20,6
13;4 
1845
20,1
a9
189
BT T
| '.17#1'. e .
Ao
7_»19;5_f5[-5:}
180

MEANS

s

5.65.0 6.5 5.4.7.710.2
0.2 0,203 - 0.3 0606

12 7;ff

06*

g

‘fdls Sf;ﬁf
1L 1;F;af -

87



TABLE 11 |
HEART RATE AND MAXIMUM 0, CONSUMPTION = .

»

RESTING* , MAXTMUM  MAXIMUM

' NO. SUBJECT  HEART RATE ” HEART RATE, . 0, CONSUMPTION
- : "~ (beats/min) -(beats/min) (ml/kg.min)

Cntoniwc K. 99 204 .39.41

'Aéaflgoﬁ'R; | "‘107 o o 195ak\2,;¥3-‘k§4'20”;_f .
Donaat R =g, 195 " 4ss0 -
.ﬁqnala S. ‘ﬁ ‘:§§§ " : 5”?204'1' . ‘155;73'
Holgste B . 87 1% . 4229

Jomes B. . 98 187 - 4141
’»Léiseh~B]_ | _106 L il’l}i9§7 ,j?ﬁg'4»f35;09";v, |

».L““d G e 195, 84; ﬂf’;
Lund. T | i'; ‘83 " “‘2.‘;195 Q.‘., H148 68

TMacnab B  :"‘i%§ ‘” l  .'0204{? fJf’f:f;39 89 ‘,.

v‘Mllllgan 2, J:C) "‘f'.f‘264[5;f;31;.».¢i-9¢]§f

oo

S0 51“0\ TR

B I o
S R S

RIS S e e e T . L
14 Vosmiak L. - 108 _ r;*‘zo4_3,;_ 24 4or;;_-

' RobergeJD. | 474/  b  °fl95ﬂ:f7' Q:5;ﬂ53 96ifﬁJ.f5‘ _
Tkachuki$, = 115 '.‘T._QQ9;g*i\ﬁ tser2

ComEas .. T9T.07 19885 410
l '¥S;D;;;“if_f f¥ff°v ?;~712f79. ffll“-s 92 fif’lﬂiﬁ 25_;?2”

TR

*These values represent pre-exercise H R as the subject
fjf was 51tt1ng on. the bike.»hﬂ;u. s R I

""""""
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TABLE 13

/

STATIC STRENGTH R
N . . . \
/ -
v - T - »
NO. GRIP LEFT AT BKT. AR FLEX. 0 KNEE EXT.
6&%5‘ ‘ 26,9 19.7 - 49.6
45.1 17.3 119.7 56.8

_&Dm.qm\n@-wmr—:

e
O R S

» 14;\._ PO

_:,//j 45.1

58,3

37,4
.5
35,2
35.2
3805

45.1
42,9
37.4:

= - :

221
11.3
12,5

14.9"
14.9

L 13,7
12.5

N
23,3

4
14,9

‘_2609'
19.7

19.7 -
v
" 14,9
18.5

19.7
20,9

24.5- .

.y46.0. .-

" 29.s
43.6

-A 50‘08

+ | 34’.1 )
* ’.24.5.»-

30.5-

36.4

43.6

o436

53,2

MISANS

S.D,

7.4

16,9

YRR

20,4

3_'9‘_’: '

42.5

N.B. All,measufesfinfpouhdsfj

90 |
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PABLE 14
PERFORMANCE RATING

3

5

l

2

NO, SUB

JECTS

RATING*

'1, Ant

2 , Car
3 Don

Hol

-

oniuk M,
lson R.

adt R.

Donald S.

gate B,

-~

1
9

.
.9 7 -

10
13

4
.5
6 Jones B. 1 1
_7 Leisen-B. .lé,
'8 Iund 6. 3
‘9 Lumdr. '
10 iMacn@b'B{.' 2
11  Milligan P, g
12 Roberge D. 5
13 :Tkaphuk Se - 6
14 - Wozniak L. ;_ 14 .4
*The bept sépfe beiﬁgl1 o )
l-z —_—

0
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. @N N \“;\p,‘

CORKELATION MATRIX 1 .

il

— = 5
CARMG T ARM D IEG o . P

’

o 7 EVO,  BONE. . ARM. S LEG G
h .~ -"% 7 AGE  EXTENSION - FLEXION , EXTENSION

.

MVO, 71,0000 0.1231°  0.1376° © 0.1566 01449 1
Bone Age. ' [1.00007. 0.535b%  0.5090%  0.4009

‘Extension = .. | B 1.0000-- " 0.4755% . . 0,4195
' g : S e '73\‘ﬁf  s

11,0000 - 0.4482

U, L .‘"”ﬂ

. Arm -

- Flexion = - - _
. Leg L - e T e
.. . Extengion - e © . 1,0000

o Grip . =0.1315° 0.7273% - 0.5564%  0,2662  -0.3921

‘- Yards  =0,0645. £0.1685 " -0.1282 - ~0.6514* '“-0,3860.

-~

¢ ‘Yards -~ =0,0070. =0.2462 "© -0.1007 = =0.3866 ° ~0,3508" "
" Shuttle- } :_~} 1f“; f;7.:~1?77'ﬂ T N L
o :Rum - ~0,0328 "-0.1473 ° -0.2484 - ~0.0928 ' - -0,2839 .
;o Plexed oo o0 T
Arfy Hamg' 0,1202° -0.2209 - 0,1632

N

10,0528 -0,2238

' *Slgnlflcant a“t P <1‘._Ol~5jl N

oIV




\ . . . ~ . : , : v , ,{l s - \“
4 (COKRELATION MATRIX- II
R iy

BONE ARM © - ARM LEG

Cs w0,
S 772 AGE EXTENSTON FLEXION. EATENSION

 Standing - o |
Broad _ » : S L : -
- Jump 0,3779 - 0.2178 0,308l 0.1930 ° 0.0549

coper . - Co o
- Minute 0.1373 -0,4151 -0,0247 ° 0,1176 0.0351 .

=Skéting - | |
- Forward . SRR o _ o ‘
- 60! - -042517 -0.3402 '~0,4431  -0,7468% -0,2268 -
skatihg B o s o

Forward o ,
90" =0.3055 =-0.4479

| _5@;3236j - 20.6737% -0.0302

~ Skating. e
Forward - . oo e e

120" . 0.0370 =0.1249 =0,4569% -0.4570% - -0,1404

'Skéting - o . R o (
Backward = B T

‘

Skating . .

 Backward -

90' | 0.1472 -0.2644 <=0.2309 . . 0,1114. -0,1833 .

. Backward: - ¢ ol T T
120" . . 0.2146 -0.2699-0.5411%  0,0188: -0.3223 -

P e -

- Agility  -0.0473 0.1997 -0.1972 .' =0,1089. -0.3138

CoPuck oo T T e

Per ormance - .
Cri

*Significant’ at p<.,05 | . o .
S e e

e

i D T -

S R

‘eriqnl3-0;5484*;§o;o§59’:;0;3919 :3{'9;16271 ;\0,15i7', df 11;;



. CORRELATION MATRIX TIII

L

HAND 50 300  SHOPTLE ~ FLEXED
GRIP  YARDS  YARDS  RUN ARM HANG__

>4

 Hand o L o :
Grip 1,000, -0,0261 .-0.5480% 0.0472  0,0234

.50 . o S «
Yards .  1.0000  0.5474%  0.0360 .-0.4750%

300 e
Yards , © - 1.0000 -0,1869 . -0.358%
©oShuttle .
“Rwn - - 1.0000  0,0014
" Arm Hang . 1,0000 -

 Standing SR T |
Broad ', . - o o L e
Jump - 0.0453 -0.43.4 -0,2447 -0.1728". = 0.4804%
Sitewp o e TSR T
~Per LT T s
Minute  -0.4908% -0,5111* -0,2055 : .-0,2462 = 0,4785% .-
'Skating"”' - ' T T ' S

. Forward = . T P
60! . <0.1616  0.5326% 0.1823  0.4192 ~0.3480

~ Skating R S PR

. Forward.. = . - B T A AR
90! . -0.0408 ' 0,5049. . 0.0270  0.3426 . .-0.2879
- Forward.. . . o0 0 el 0 Ny
1200 0 040283 10,2657 ;0,1730‘».30}4186_ - =0.3082: ..

i

52}

T



e

A 96

.- . CORRELATION MATRIX IV - . =

SKATING  SKATING. SKATING - -  PUCK
BACKWARD . BACKWARD| BACKWARD AGILITY ~ CONTROL
- 60" . -1 90! ' 120'. o B

' . ) ) .

‘Hand - = ¢ o . . | o
Grip ~ -0.1959 -0.3210 =-0.,2202 - 0.5002% .  0,7538%
50 CoF e e .'; ""ﬁ
- Yards -0,0999 “0.0974  0,0455  0,0227 ~ 10,1088

L - L T S T
300 o | L ‘
Yards °~ -0,1719 = 0,2205 -0.0827 -0.4337 -0.2421
CShuttle e

Run - 0.6992% ~0.4227 = 0.5569%. 0.3124  0,0712.

Flexed -+ | _ ‘ N

H -, .=0.,1415 -0.3737 - -0,2327  0.,2718  -0,1807
| Sg‘ing, L | . | "

-Brodd . | B P i I - .
Jump =0,2320-  =0.,5717*  -0.,3757: -0-1§21 - 0,0813

s

Sitewp- e . .
Per . L Y T R L
. Minute -0.2103 ~0.1590° - =0.2717 .'-Oy3§78 +0.6318%

*vForward:>\ L IR Lo
- 60" - -0.2262 - - 0.0781 -0,1904  -0,1128 . -O¢1454‘[__'

... Skating . . PR A e el
' .90r. - ..0,1289 70,0668 - . 0,1485 | -0,1257 . =0,1243% = =
CForward . T T
120" 0.4739% - 0,1566 © 0.4625% 0,092 - 0,261 - *-

5
e

| *Significant at p<.05 | -

w. .

[

i
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‘CORKBLATION MATRIX V

SKATING  SKATING = SKATING

BACKWARD BACKWARD BACKYARD

60" 9ot 120"

AGILITY

" PUCK

_CONTROL

ESkatlng
Backward
60"

'»Skating
Backward
90, el

Skating

B Backward

120'~
CAgrlity
Puck
‘Control-

- Performance
Criteripnv

1.0000 . 0,7225%  0,9439%

[ o
1.0000 ' 0.7996*

-

I

0'1713 0. 0251 10,1791,

'6.2737

20,0551

0.2870
*1,0000

f 0.1395

0.0092

4

. 1.0000

k5%
E '*Signiflcant

at p(.OS e

P

97

-0.0582

. 0.0524-
0.4617%

-0.0634 -
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CORRELATION MATRIX VI

" PERFORMANCE |
, CRITERION v

Hand Grip ~ -0.0223

 ;50‘¥@#&55 A —Q,Ozf},
£0 Yaras '_,'_;’0.0243,
Shugtle Run.  -0.1694
Flexed Arm Hang .  3-9.32§7‘ - ;‘if "Q{?

Jump ..=0,3946

Standing Broad ( |
| -003021 )

Sit-up per min.

Skating Forward -
g0t -0.%545

_Skating Porward / ' o I
Skating Forward o o
1200 T o0,0852
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REGRESSION EQUATIONS AND SUMMARY OF ANALYSIS OF VARIANCE
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