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Abstract

‘Thirty intercollegiaté hockey players at the University of
Alberta were tested three times during the 1973 - 1974 {ice hoekey
seéson to dé{ermine cﬁanges in fitnesg during the season. Preseasin,
midseason and postseascr Qalues were determined for phyéical working
capacity, maximal 02 intake 1nd muscular strength and endurance_
paramsters. Sixteen undergraduate sxﬁdents enrolled in service.
programs of the Departmént of Physical E&ucation acted as céntrol
subjects. Physical working capacity and maximal 05 intake of the
hockey players increased 31gn1flcandly between preseason, and mldseéson
and showed no further increase for the remainder of the season. ' No
significant increase was observed in muscular strength and endurance
of the hockey players hetween preseason and midseason testlng An'in-
season weight training program produced 51gn1f1cant increasé in the
muscular strength and endurange of hockey players. Playing performance
of the hocke& players correlated significantly with Body welight forv
the vgrsity playeré,studied. Physical working capacity, maximal 02
intake, arm strength and s%rength‘index did not correléte sigﬁificantly
with playing performance. - It was concluded that a season of 1nter;
colleglate ice hockey increased the phy51cal worklng capaCLty and
maximal O2 1ntake but did not significantly improve muscular strength

and erdurance. An in-senson weight training program did increase the

strength and endurance levels of ice hockey players.

3
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Znowledge corcerning *he ohvsisloei cal resncnse * - Somyeniciyv

Howell(1960 ) and, Ferpison =t al (1343) were aoncernei

with tHe determination »f maximal oxyren in*take ~f coliepiate nockes,
niayers and foﬁnd values »f 57 and ‘5 mj/kq/@in, resbeotively, {
tnis pafameter. Watson (1365) studied maximal oxXygen intaxe as well
3nd f>und that a season »f ice hockey significantly increased the

maximil oxygen consumpticn of ten University of Alberta varsity

’

nockey players from 3.51 to 4.11 1/min or 45.22 to 54.26 ml/ke/min.

by Howell (19%5¢). fGreen (1973) reported that virtually no seasonal’

change in maximal oxygen consumption occurred for both university anid

Junior hockey players studied.
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For the most part, che ctiqineg mentioned above con~erntrated

mainly = - maximal oxyeen in‘ake o A measure Sf fitness, altnagr,
ireen et gl (1 “7“b\ did examine anuercohi; éqpaéi:y as well. The
present siudy was initinted - determine why. changes in aer-bin~

:

capacity,'as indicated by rW'17A and pred!cte] %ax JO ocgurrhi taring
2 season of {ntercolleglate ire hockey. 393S5n31 chanqes_in muscdlar
strengtin ind endurance, and the effe~tivenese f an inp season weinns
training program were a: 30 examined, -Since strong emphasis has not

. .
been previously placed on the invpstlgatlon of muscular Strength anAd
endurance levels of intercollegiate hockey plavers, it is hoped tha*
the values measured‘in the present, study ére valuable in ﬁhevestablish-
meat of norms fqr muscular strenpth and endeance aof intercnllegiate
ho key players. I+ s also hoped +ha* the assessment »f the in

season weight training program will eJuabllsh tnat such a Urogram is

a valuable contribution toc the overall fitness of 1ntercollegiaue
s
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Two subsidiary problems #ere alsn investigated ip tne

1. the effectiven

Drogram upo

2. correlations between the fitness levels of <he

of an in season weigh* training

scular sirength and endurance lewels

4

players and their pefformance during the season

S

I

-

Scientific investigation of fitness levels ari training

procedures of Canadian ice hockey players has been limited.. Following

the first Canada - Russia hockey series in 1972, many hockey and. fit-

ness experts advocéied the implemenpation of more scientific training

and coaching methods for hockey programs at all agé levels,

«
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Buka: [1962) noted that %op 1ével =issian nockey teams started o
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nizh level »¢ muscular- strength ang :
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enduirance before the sompe<itive seq5-n. This high level of streng*h
#as maintained during <he n- xey season oy sne weight lifting session

by . M

Ir Canajav/effécf welght training programs are not often

perfcocrmed by hockey plzyers during the off season, but weight training

programs have sometimes Been 2onducted during the season. The Dresent

[N

s<ady examined the effect ol such an inseason weight training program™

on levels of muscular s*rength and development.



Limitations and Delimitations of the Study

1. The study was restricted to 30 male intercollegiate
hockey players at the University of Alberta, and 18
male university undergradugte students who acted as
control sabjec.o.

2. Physical»workiné capacity was détermined»by the

test.

Sjostrand PWC170

3. Maximal oxygen intake was predicted using the

7

Astrand - Rhyming Nomogrém
“ 4. Muscular sprength and endurance were measured using
the Arm Strength and Strength Indices.

5. GSubjects were tested three times; October, January
and Mérch, corresponding to preéeason, midseason,
and postseason values. !

6. The control éubjects were free to exercise at will,
individuals who played hockey during the seasdn were
not Selectéd as subjects.

7. Temperature, barometric ﬁressure and humidity were
nc- ntrolled during testing.

8. S .bject: were asked not to participate i+ ~hysical
e > 1sc -efore testing, but no externa. trols
werc - to enfofce this request.

’

9. -The time of day of testing was not strictly controlled.



Definition of Terms

Maximal oxygen intake (aerobic capacity) is defined in
terms of the linear relationship between progressively increasing work-
loads and 0, consumption:; until VO, per unit time remains constant,

< o~ .

falls or slightly increases, even though workload may inerease.

s A o . X .
Physical Work: Capacity, (PWC17O) is defined as the
intensity of work in kilopond meters per minute which the subject

could perform at 4 pulse rate of 170 beats per minute.

Steady state heart rate is the heart rate between two
successive readings taken at one minute intervals, which do not differ

by more than #5 beats.

Workload is the Calibrated‘force of a friction belt which
must be overcome by a subject while cycling at a prescribed rate. The
work done is the product of the cycliﬁg rate, the_distancé cycled as
determined by wheéi‘circumference and revolutions,'and the belt
resiStancé, |
<
Kilapondmeter (kpm) is the force developed by a kilogram

mass under thé influence of gravity‘for one meter.

Arm Strength Index is a muscular éndurancevindex'calculated
from chin-upslénd shoulder-dips, with height and weight faofors

included.



Strength Index is a fitness invenfory obtained by summing

~values for left and right grip strength, back strength, leg strength,

arm strength index and vital nacity.

~



CHARTER 11
REVIEW OF LITERATURE

Aerobic Capacity as a ‘leasure of Fitness

The capacity of an individual to withstand prolonged,

heavy work har been reported Lo be the most important component of
fitne;s (Astrand, 1956; Balke, 1960; Hettinger et al, 1961). Rodahl
and Issekutz (1962: 277) state that, "during heavy, prolonged
physical work, the individual's performance capacity depends larcgely
on his apility to take:up;.transpogt and deliver oxygen to the working
muscle." Several other studies consider maximal oXxygen intake orl
aerobic capacity to be the be'st measure of cardio—respiratbf; fiﬁness[
'(Astrand; 1956; Hettinger, et al, 1961;’Newton, 1963; Rodahl et al,
1961; Taylor et al, 1963). “

| Astrand and Saltin (1961) suggested that the measurement
of‘ﬁaximal oxygen uptake (aerobic capacity) of a subject when perform-
ing muscular exeréise gives the maximal rate of energy output by
combustion wiﬁhih thé body: To further illﬁstrate this point,'Rédahl
et al (1961) stated that

the reloading of the contractile mechanism demands

energy which in turn is liberated. either from the
’restficted stored in the muscles themselves or from food
Storage from the blood stream. The rate of work that
can be maintained over a longer period will, therefore,
mainly depend on the transportation capacity of the
cardio~respiratory system.(

In_order to test circuiatorx and respiratory fitness, work

must be chosen that engages large musclE}groups at a high intensity for



2 duration which 15 long enoush o allaw circulatory and respiratory

adjusiments to the stress of the o ceise (Anteand, 1952).  Wahlund
(1942) stated that tests in whi o+ + lnrge number »f muscles are
reprired, maximum oxyren consumption should be regariad as a reliable

measups- of maximum work capacity. He deseribed physical working
capacity to be a continum, from the heart patient to Lhe'higﬁly
eonditioned athlete. The capacity to maintain a high oxXygen consumption
over a period of time demonstrates a large degree of cardiq—vdscular
and respiratory fitness (Taylor, 1958). Newton (1963) noted that the
maximal rate at whiqh oxygen can be consumed is an important\measure
of the ability of the circﬁlatory and the respiratory systems to wiﬁh—
stand the stress imposed by'screnuous physicélvactivi{&. aximal
oxygen intake is not only the best physiological indicator of the
capacity of a man for sustéininé hard work, it is élso the most
objective measﬁre which indicated the physical fitness of an individuél
. as reflected by his cardiovascular system (Newton, 1963).

Hettinger et’al (1961) agreed thaﬁ makimal oxyeen intake is
probably the best measure.ofja physical fitness; but pointed out a
‘number of problems associéted with its Qireét determination. Elaborate
laboratory procedures, time,reﬁuired,_the necessity of a maximgl
workload, and the difficulty of untrained subjects to reach VO2 Max are

, ! .
some of these problems (Hettinger et al, 1961).

Prediction of Aerobic Capacity

As mentioned above, a number of problems are associated with
‘the direct determination of maximal oxygen intake (Hettinger et al,

1961; Rowell et al, 1964;-.and Mitchell et al, 1958). Because of these

9



orablems many aabmaximal fogt e cmerite iowhich predict aerabioe
2apAacily from shservations taken during submaximal work (Astrani, 1352,
s

Balke, 1959; cunningham, 1963; de Vries and Klafa, 1904; Issekut.,

160 Siaatrand, 107 Uarkman or a1, 1740 argarea et al, 1045

PR

'

Shephiard, 1960),
Such cubmaximal tects oan be uced to obtain an 215y and req-
Srnably aecurats astimation of qepebie capacity. ‘Under controlled
conditions . the standard appap of rreliction »f submaximal tests io
Poor 10T (At et and %aiaal L¥%71). Taylor et al (1963) concluded’
: . '
that 1t is genarally acreed that during submaximal work on a bicycle

croometer, N cnnsumption ean he predicted with a reasonable depgree

-

U aceuracy if the welght of the subject is known and ‘the rate ~f work

13 kKrvown and maintained constant,

Astrand - Rhyming Nomogram

Ino 195, Asnrunj.and Rhyming introduced 2 nomogram for the
rrediction of maximal oxygen inake from a steady state heart rate at
q~khown work l@ad.‘

-The nomogram,was based s the heart reéponse 5f eight&ésix
rhysical eaucationﬁstudents to exercise.i Examinatioh'of<%he data
showed that the average pulse rate (beats/min) for men and ﬁomen at’
an oX}gen intake represen£ing 50% ~f the maximal 02 intake\yés 128 and

. . . . \
138, respectively. At 70% nof maximal Oévfhtake, average sheart rates

of 154 (male)'énd 168 (female ) were observed.'
Using these results, Astrand and Rhyming constructed the
nemogram on the assumption that the heart rate wbuld éppyoximape 128

(male) at 50% makfhal 02 intake and a maximal heart rate of 195 beats



\>

per minute. Astrand (1960) outlined the prerequidites for using the

-

nomogram:

1 . that the pulse rate increases approximately linearly with the

oxygen intake during submaximal exercine.

€8]

that submaximal pulse rates not lower than 125 beats per minute

be used.

3. that the subject can reach a maximal heart rate of 195 (#10) during

~s

maximal exercise.
Ad justments have been made to.allow the nomogram to be

applied to a wider range of people. Astrand (1960) introduced an age

factor tovdeélywith the decline in maximal heart rate with age. A

N

~further age correction factor was introduced in 1965 for subjects under

7

fifteen years of age (Astrand, 1965).

Validity of the Astrand - Rhyming Nomogram

Astrand and Rhyming (1954) established the validity of
their :omdgram-by comparing the predicted maximal Ozivalues with the
actual v "nes, Aﬁalysis of the values revealed a mean difference of

.. . A
C.023% 0.0%9 (males) and 0.010% 0.051 (females) litres of .0, per

minute hete- " - predicted and actuallyaiues Qf maximal 02 ii}eke.
Lower stz - {nn values were reported for both men and -women
for‘a highe r= ork: 6.7% (male) and 9.4% (female) at a work
load of 1270 & - 7 comparad t.  J.4% (male) and 14.4% (female)
at work loads of . 200 4. Asti: 7 and Rhyming (1954 ) also’
'ﬂreportéd a study .z.g 21 ined le subjects, 18 - 19 years

of age. A mean ucffe. - -7 1.006¢ C.0¢. 1/min was reported between

7

a?“

11



—
actual and predicted values. " -

In 1960, Astrand reporﬁed the standard.error of the nomogram
methed for predicting maximal 02 infake to be ébout 10% for well-
trained subjects ana about 15% for moderately trained individuals.

Dobeln et al (1967) reported a standard deviation of 17%
between predicted and actual maximal 03 values for 84 persons betweeh
“the ages of.3® and 80. Dobeln found that the nomogram underestimated
the m;ximal 02 intake by 0.15 liter/minute; Rowell et al (1964 );

Chase et al (196A) and Wyndham et al (1959) reported - similar findings. -
Astrand and Rodahl {1971) stated that untrained persons are often
underestimated, while extremely well-trained athletesvare often
overestimaféd. Howéver, Glassford et él (1?65) reported close agree-
ment between actﬁal and predicted values of maximal O2 intake.

Hettinger et al (1961) reported a significant difference
* between predicted and actual maximal 02 coﬁsumption (2.38 and 2.26
1/min) 'in 28 policemen 20 to 30 years of agé. This differenpe was
significant at the 5 per cent level of confidence. Tt was suggesfed
that the sdbjeots did not attain true maximal 02 levels due possibly
to their lack of training.
| | In a simiiar study, Rodahl et al (1961) tested 9 policemen
between the ages of 23 and 48 years and found a dlfference of only 4.8%
(2 65 to 2.54 1/min) between predicted and actual values. In another
group of untrained men, 23 to 48 yéars of age, the differenée was
—1ns1gn1flcant with Values of 2 72 and 2. 76 l/mln for predlcted and
actual maximal O, intake (Rodahl et al, 1961)

In-1964, deVries and Klafs used 16 physical educatidn

students, 20 to 26 years of age, to determine correlationsjand



1

predictive errors in predicting maxfmal O2 casumption from subma*imai
tests of work capacity. An 0, consumotioo value obtained from the

& < ' .
" Astrand - Rhyming nomogram correlated significantly (r = 0.736) with a8
value obtained from a maximal test on the bicycle ergometer.

Wyndham et ai (1959) criticized .the nomogram because they
found that it underestimated the maximal oxygen intake by 0.32$0.14
1/min. They believed that the nomogram did not take into account that
tﬁe pdlse rate - oxygen consumption curve deviates towards O2 consump~
tion at high pulse rates.

Astrand (1960) however,‘stated that the nomogram was not
based. on the assumption that heart rate ie a lineer function of 02
intake throughout the entire range of heart rate values. Astrand
pointed out that since the study of Wyndham et al ﬁas conducted at an
altitude of 5,500'feet, the observed difference between predicted and
ma;imal 02 values might be due to the effects of hypoxia.

Roweil'et al (1964)‘demonstrated the influence of training
on prediction<withkthe nomogram. Using oubjects 18 Lo .24 years old,
they found the predlcted t»\t underestimated the maximal 02 value by
11 + 7 % after tralning compared to 27 + 7 % before training. They
a1so reported an underest1mat1on of 5.6t 4% for a gfoup of 10 oighly

trained endurance athletes. ’

"Baycroft (1964) compared predicted values using the Astrand-

Ryming nomogram'with actual valued determined with the Mitchell et al

test and the Astrandeicycle test for 48 physically active males. He

reported a significant correlation ( r = .62) with the AstrandlBicycle

_test wvalues,

Glassford (1964) used 24 physically active males to_compare



the Astrand —'Rhyming nomogran test with four maxima AXFTen Leento,
Vélues in liters éer_mind:e obtained on the Astrand - Rhyming predicted
test correlated well with the Johnson —'Brﬁuhq - Darling tenot,

(r = .78); “he Mitchell - Oproule - Chnpﬁam test, (r = .30): the

Taylor - Buskirk - Henschel test, (r - .72); and the Actrand test,

(r = .65). The correlation between the nomogram Va&pés and any one

set "of directly measured values was as good as the correlation between

the values of any two direct techniques examined in the study.
Hyde (1965) investigated ‘the validity of the nomogram fnr

éecondary school children. He reported predicted values equivalent

to thosg obtained cn the Astrand actual test for the 27 females studled.

N

However, the predicted values for the 28 males were underestimatéd by

9.74%, a significant difference at the 1 per cent level of confidence.

History of Sjostrand P W C 170 Test

«

Thé'first reported use of the Sjostrand test was in 1947;
Sjostrand reported findings on the physical work capacity of 20 ore
smelting workers. The test utilized wor%}pads of 300; 600, 900, and
’occasioﬁally 1200 kpm/min for a ten hinute"interval'at eaéh workload,
~except -the last, which was either foqr or ;ix minutes.

Wahlun: 1¢.8) tested ;69 aduit males on a bicycle ergometer
starting at‘a=Workload of 300 or 600 kpm/min and increasing the work
load every 6§’m£nutes by 300 kpm/min until the subject Qas éxhauSted
of work at 1200 kpm was done. 'Puise rates weré determined‘at<2

minute intervals throughout the test.



Kjelberg.et al (19507 made a further modification of the
Sjostrand test by shortening-fhe times of each workloao to 6Vminutés
and extrapolating the pulse curve to 170 beaﬁs per minute. .Other
testing procedures were as outlined by Wahlund.
Bengtsson (1956) refined the Sjostrand tesf further in 1956.
/ ,

He applied the concept of steady state heart rg%o to the test. Work-

loads were adjusted so that heart rates would be approximately 125 -
S

130, 140 - 150, and about 170 teats per minute for successive workloads.

4 ) J '
In 1961 Adams et al used the Sjostrand test to study 243

normal sghool children in California. They attempted to adjust work-

loads for‘eachfsubject so that heart rates of 100 - 120, 120 - 140, and

150 - 170 were ottained in successive work periods. ’
In another’ study Adams . al, (1961) made a modlflcatlon to

the SJostrand test by using only 2 successive WQrkloads instead of 3

‘and trying to obtain heart rates about 140 on the first test and approxi—

mately 170 on the second.

] éummings and Cummings (1963) employed the Sjostrand test

procedure of Adams (1961b ). Cummings and- Danzinger (1963) followed the

<

" procedure of Adams (19613) to administer the Sjostrand test.

de’ Vrles and Klafs (1964) also used only two consecutive
'woqkloads, however, they used predetermined loads _of 450 and 900 kpm/
min.

Zahar (1965) used ;8 high school students to study the
P°¢lakllltj of the test w1th repeated measures. ’ He used three consecu-
tive six minute work perlods, each at a higher work load.

Fedoruk (1969) also studied the rellablllty and valldlty of

the SJostrand PWC test. However, he employedla 12 minutq contin~

170
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~ .
uwous bicycle ride consisting of 3 nur minute work periods at
successively higher work loads.

Validity and Rellabilitv of ojo trand P W C Test.

170

Borg and Dahlstrom (1962) reported re-test correlations for

the P W C 17O'of‘r = .76, compared to a value of..71 on the Astrand -

Rhyming Nomogram test. '

They also reported an intra-test correlatlon of .97 .or
the P W C 170 tesr. Borg and Dahlstrom checked the valldlty of the
PWC 170 test as well. U31ng the results of a skl race as the
criterion, they found correlatlons of r = 46 and r = .54 between the

crlterlon test and the first and second P W.C 170 tests.

Borg and Dahlstrom reported another study done by Linderholm

"that reported on the rellability of the PWC 170 test. Linderholm
4

-found a test - retest correlation between two tests "4 days apart of

.97 for a group of 18 men and wamen with a P W © l%O ranging from
625 - 1555 kpm/min. o A

' Fedoruk (1969) reborted test - retest correlations of .91
and‘.75 for males end females when the P W C was expressed ih kpm/min.
Thege coefficients ruduced to .87 and .70 when expresSed.in kpm/ké/min.
A>ccmparat1ve re-test rellablllty of .88 (males)-and .83 (ferales) was

obtained on the Mitchell - Sproule - Chapman test Comparison between

%he correlation coeffic1ents of the mean of two Sjostrand trials with

“he criterion maximum test and two maximum trials revealed a nohsignifil
cant difference for the male subjects studied. This led Fedoruk to

conclude that wii? the possible exceptioﬁ of the Sjostrand P W Cl70

- A
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cage, 1o submaximal tea’ Srtudied was g valld o predictor of phrsional
| < ; :

f{+ness a4s was another maximum » intake test.

’

in 1944, de Vries and Kiafs condu-ted a study to investisate
the valldi*y of several submaximal work ~apacity tests by comparing
the predicted values ¥i-h & :2tual maximal oxygen consuamption value
determined on a bicycle ergometer. -Of the submaximal tests used the
Sjostrand PW O errrelated best with the test oriterion 377, Thicz
-chrelation was sigﬁifipant at the 5 per cent'level'nf confidence.

Zanar (1765) {nvestigated the reliability of the Jinstrand

test with repeated trials. He reported an initial re-test

PWC 3

correlation of .836 with the 32 male high schobl students studied. The

+ reliabilities were: .%94, .841, .877; and

47}

succee ling test - rete

.947. Tahar coﬁciuded thgt the Sjostrand P W C test was avhighly

, 170
reliable.measure of physiéalﬁwork capacity for the g%bup studied.

Miki (1969) reported that physinal~workiug‘capaéiiy
(PWC 9, kpm/minj w§§ASignificEntly‘¥— ated to éxygen intake in 1/min
in zero order and fi{fﬁyérger sorrelation analysis (p = .01). He found
that 02 intakeﬁgaﬂhi/kg7ﬁin‘was the best predictor of P W c 170
expressed as kpm/kg/mip. R

Holmgren et al (1967) reported correlation coefficier- of

.903 between the Sjostrand test and 02 intake values.

Work Capacity Studies Using the P W C”17O Test

B

Adams et al (196la) used 120 boys and 123 girls between the

ages of 6 and 14 years. They found that working capacity increased

’
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3. a 5ignif§:;nt Ifffirﬂnce In PW D between ity and

c;un’fy giris (p = T%i), but no ziynmificant difference
~hetween rural and urban boys ip PWwC,

4. a significant difference (p = .01 or Swédjsh and
'California girls in ® W C. Q

. o
P W C of California boys comparad favourably with

Uh

Swedish boys.

Cummings and Cummings (1963, - -icted a work capacity study
on 200 Winnipeg school childran, They found that:
1. a high correlation existed between P W C of boys and &
their height, .865, Wéight, .897 and body surface area,
y .904. -
2. the P W'C of 11 and 12 year old Winnipeg bdys and girls

tended to be smaller than those of similar aged children



in California and Sweden.

Fedoruk (1969) reported a mean ' W C for 24 first year

170
physical education students tp be 1345 kpm/min. A CAPHER study report-

ed norms of 873.8 + 224.5 kpm/min for 17 year old high school males

across Canada. Zahar (1965) reported the P W C of 38 high school

170
males t6 be 943, 973, 994, 1039, 1018, and 1003 kpm/min on six repeated

trials.

Fitness Levels of Intercollegiate Hockey Players

As noted in the introduction, not much research has been
carried out into the fitness levels of inteércollegiate hockey pla;érs.
.Most of the. early studies dealt exclusively in aerobic capacity (Howell
et al, (1966); Ferguson et al, (1969); and Watson, (1965). ’

| Watson (1965) studied 10 UniveKSity of Alberta vafsity
hockey players to determine the seasbnallchanées in maximal 02 intake
‘as measured by the modified Mitchell - Sproule - Chapman maximal
oxygen consumption test. He found that a season of ige hockey "signifi-
cantly increased the maximal O2 intake of the hockey players over that
of a control group wheﬁ exprecsed in terms of liters/minf There was no
significant difference in maximal O2 intake between fhekéwo groups
when expressed in ml/kg/min. The hockey piayers showed a 17.46%
~increase’ in O2 intake during the season, going from 3.51 1/min to
4.11 1/min; compared to an 8.65% increasé for the control,group; who
" went from 3.38 1/min to 3.67 1/min. The hockey group increased from

45.22 to 54.26 ml/kg/min, when O2 intake was expressed in terms of

19



~ expresgsed in milliliters of 02,per kilogram of body wéight per minute) ;

body weight.

Howell et al (1966) reported maximal oxygen consumption of
intercollegiate hockey players of 57 ml/kg/min. Ferguson et al (1969)
observed similar results of 57 ml/kg/min for intergollegiate hockey
players.

In recent work at the University of Waterloo, Green and
co-workers (1972b) have recognized the need to examine more than just
aerdbic capacity in assessing the fitness of competitive ice hockey
players. Green et al (1972b) have conducted investigations to determihe‘
the nature and magnitude of any adaptive changés that occurréd in body
composition, aerobic capacity, anaerobic capaéity, and a number ot
respiratory functions of ice hockey players during a competitive season.
They found increases in aerobic capacity dufing the season (from 4.02
liters per minute to 4.18 liters per miﬁute; or from 53.9 to 56.4 when
to be nonsignificant. Defencemen underwent the greatest seasonal
change, improving from 50.7 to 55.2 ml/kg/min, but nonetheless remained
below the post season value of forwards (58.1 ml/kg/min).

In the séme study, it was also reported that a 17% increaée

. anaerbpic capacity, as measured by peak lactate values and running
time on a short exhaustive treadmill run occurred during the sea- n.

Green (1973) reported the aercbic capacity of both ju or
and intercollégiate hockey players to be approximately 55 ml/kg/miﬁ.

In discussing seasonal changes, Green obser?ed that virtually no change
in aerobic capacity occurred @rom 4.30_to 4.43 liters per minute, or

56.4 to 57.1 ml/kg/miﬁ)._ He did, however, find a 15% increase in

anaerobic capaclty over the course of the season. : - -

;
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A ﬁthdy Q;nducfed Ol A junior hockey team in Canada durinﬁ
the 1973-74 s€38¢gp ghowed the effents of a supplementary conditioning
program (Neil#on 1972). The teap participated in a jogging and weight
training prog”™M {n supple®ent ity onoice practices. Results showed a
higher aeropiClQapaQity (62.2 ml/kg/min) than reported elsewhere in the
literature qu hgckey teams.

ALZ9 jpvegtigated In the above study were muscular strength
measures. GriP st;ength’values ténde‘d to remain cénstanﬁ, with pos{—
season values Peported of 124 Pounds ‘for lef- « ‘p strength and 137
pounds for thé Tjight griﬁ strength, Definite improvements during the
season in back Qnd”iég strengihn weye noted, however. Post season

values of 436/Poy;ds (backK strength) and 1018 pQundS'(leg Strengtﬁ)

were reported-



CHAPTER III

METHODS AND PROCEDURE

Thirty interCollegia%e hockey players and sixteen male

~ undergraduate students at the University of Alberta during the 1973-7/

year were used in the study. The sixteen control subjects were students

enrolled in physical activity service courses offered by the Department

of Physical Education.

A1l subjects were tested three times during the course of
‘the hockey season: the preseason test was dole during training camb
before the season begaﬁ. Midseason testing was conducﬁedvin January,
and the bostseason testing was carried out in March, at the completiop

of the season.

~ During each testing session, the subjects' height and weight

were recorded. vThe subject was then tested on the following test'iteﬁs:
vital capacity, right ané left grip sérength, back strength, leg s?rength
shoulder dips, chin-ups, and P W C 170" Arm étrength and strength indéx_
‘were calculated from the raw data. The P W C 170 values wére calculated
with an Olivetti program. Maximal Oz'intake values were predicted

using the Astrand - thming Nomogram. ,

Y

A1l hbcgey players were givéﬁ the oppbrtunity to‘pafticipate
in the in—seasoA weight training prograﬁ. The program was based on tﬁe
10 RM princ}ple with players performing two sets of ten repetitions
twd days a week. The program was maintained for seven weeks during the
second‘half of the season,‘betweéﬂ the second and third test trials.

Some players could not participate in the program due to academic or

’



extracurricuiar éommitmenféi Fifteen players participated in the Qeighﬁ
training program, while the other f{ifteen did not.

The subjects were divided into three groups®for the purpose
Qf data analysis. The si#teen non-hockey players from the. activity
classes acted as godtrul dubijects The -fif*ecen hockey players Who 114
not weight train were classified asythe first treatment group, while
the fifteer hockey playvers whm‘did weight train combrised a second
treatment groﬁb.

Changes in aerobic capacity and physical working capacityv
'were.anticipated for the th>ﬁockey groups. The e}fect of the in-
season weight training program on the musculér strength'and endurarnce
cof the hockey players was exahined. The activity levels of the control
subjeéts were not limited, therefore small changes in some parameters

studied may have cccurred due to the physical activity that they

pursued,

Muscular Strength and Endurance

Testing procedures for grip strength, back strength, Teg
strength, shoulder-dips, chin-ups, vital capacity, arm strength index

and:strength index were conducted as described by Clarke (1967).

Modified Sjostrand P W C |, Test

The Sjastrand P W (& - test is based on the principle of

170

a linear relationship that exists betwéen'steady state pulse frequencies

and the work load producing these pulse fregquencies (Astrand; 1965).



g}

The value of the P W C is usually found by extrapolation after

170
plotting.the work load and heart rates obtained during the test. In
° ’

this sfudy this extrapolatioﬂ was done by an Olivetti 101 pfogram..

™~
The subjects were required to complete a twelve minute

continuous exercise bout consisting of three four minute work
periods at successively higher workloads. The cycle rate of 60 rpm
was used.

Subjects started at work loads ranging from 360 - 720 kpm.

. The second and third work loads were adjusted according to the steady

state heart rate during the third and seventh minutes of c¢cycling.

Adjustment of the workload was aimed at attaining three steady state

‘heart rates within the ranges of 110 - 125, 135 - 145, 155 - 165 bpm

at the fourth, eighth, and twelth minutes of cycling.
Pedal revolutions were counted and recorded at ppe'end of

each four minute period to enable accurate determination of work

>

performed in each period.

‘ The. heart rates were plotted against workloads and the

;

workload necessaryrto produce a heart rate of. 170 bpm was determined

to be the P W C | The subject's score was the work in‘kilapohd

707

meters that would produce a steady heart rate of 170 beats per minute.

Prediction of Maximal O2 Intake

Maximum O2 intake was predicted using the Astrand - Rhyming
nomogram (Astrand and Rhyming, 1954). The nomogram like the Sjostrand

test is based on linear relationsﬁéps existing among héart rate, oxygen

'consumﬁtion, and workload throughout the range of heart rate values to



approximately 195 #* 10 bpm.

Statistical Analysis . - ‘

The daﬁa was analyzed using a twc.factor ANOVA with répeated
measures on one facﬁor'(Winer, 1972 ). The Newman - Keuls Test was used )
to examine the difference between mean séores (Kirk, 1969). Differences
at the .05 1ev¢1 of.gonfidence were considered to be significant. ‘Data

analysis was conducted on the University of Albeftav36OO computer

'system.

Fitness and Performance

A pairéd preference test was given to the hockey players .
to determine which blayers were the be§£ performers during the éeasoh.
The test aéked the question, "for.eacQ/of the pairs listed below’
choose the player you felt made a more valuable conéribution to the
perfofmance of the té;m during tﬁevseason.”_

Scores obtained from the tes£ Were correlated with the post
season .values for P W C.l7O’ maximumboé intake, arm strength'ipdex,
strength index and body weight to‘illgstrate any relatioﬁship‘that may
have existed between fitness levels and pefformance.. |

K ‘fhe hockéy players were split into two groups, juniors and

seniors for the purpose of making the fitness-performance comparison.

e



CHAPTER IV

RESULTS

Within Subject Differences (Time Effect)

The anélysis of variance* revealed éignificant differenées
in P WG, ., MO, (liters/min), WO, (ml/kg/min), arm strength,
'stfength index, back strengfh, right gripvstrength, chin-ups, shoulder-
“dips and vital capacity (T:ables 6, 7, 8, 9, 10, 11, 14, 15, 16, 1_7)

within éubjects over the threé trials at the .01 levél of significance.
Lég strength and ,eft grip strength (Table 12 and 13) alsc changed
significantly (p = .05). |

PWC 170? MVO2 (liters/min) and MVO, (ml/kg/min) varied

2

similarily over the three trials. The Newman - Keuls*¥ test of

.

significance showed a siénifiéant change (p = .01) between trials 1'ahd,
2 and trials 1 and 3, but no significa;t difference between trials 2
and’ 3 (Tables 18 to 20). . vll _ : .
Arm strength and back strength were the only péfamexers
studied that increased sigpificant;yfbétween trials 2 and 3 (p = .05)
and betwge;i%:ials 1 and. 3 (p = .01), while‘shbulder dips (Table 28) .
increased significantly befweeﬁ frials 1'and 2 (p = .05) and between
~trials 1.and 3(p = .OI}Z | |

Strength indes (Table 22) showed a significant change between

trials 1.and 3 only (p = .05).

* ANOVA tables are found in Appendix A

*¥%* Newman - Keuls tests of significance are found in Appendix B
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Leg strength, left end right grip strength and vital
capacity (Tables 24, 25, 26, 29) revealed no significant difference

between trials.

' Between Subjects Differences (Group Effect)

\

The analysis of variance (Tables 6 to 8) indicated a
significant difference existed amdug the three treatment grotu

the .0l level of significance for PWC MVOZ_(liters/min),‘a

v 170’
.(ml/kg/min). However, examination of mean differences failed tc ~veu.
any differences exéeptfbetyeen the cdnﬁrél and hockey groups in MVO2
‘when expreséed‘in mi/kg/ﬁin (p = .05) (Tables 30 to 32).

No significant differences.wére found between groups for

.-any of the-'other variables studied (arm>strength, strength index, back
strength, leg strength, grip strength, chin-ups, shoulder-dips, or

?

~ vital capacity) (Tables 33 to 41).

Group Times Time Differences (Interaction Effect)

Data analysis disclosed ﬁhgt significanﬁ'interé&tion effect
(group . time) exigéed ét the .01 leVvel of confidencevfbr drm strength,
sfrgpgth ihdex,,chih—ups, anz shouldér dips (Tables 9, 10, 15, 16). -
,chi70’ MVO,, (iiteré/min), MVO,, (ml/kg/min), and leg strenéth showed
an interaction effect‘at‘the .05 level of confiaence (Tableé 42, 43, 44
and 48). 7
| ' The remaining variables,studied (back strength, grip

strength and vital capacity) did not undergo an interaction effect.

-
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) Control Group

'The control group underwent no changes in-.any of the wvariables
studied, with the exception of an increase in vital capacity between
trials one and two (Figures 1 to 12).

The eontrol group differed from the two hockey groups in ch170

.

2

to 44). There were no differences bétween the control group and the

MWo. (liters/min), and MVO2 (ml/kg/min) on all three trials (Tables 42

hockey group on back s}rehgth or leg strength throughout tHe season.

Hockey Group

The non-weight training hockey ‘group increased in PWCl7O,

MVO, (liters/min) and MVOOp(ml/kg/min)‘from trial one to trial two,

2
(Figures 1 té 3), but remained at that level for the remainder of ‘the
season (fablés 42 10 44). “Arm streugth increaséd significantly from
trial one to trial ‘three; however, no differeﬁces were observed between’
pre- and mid-season values or mid- and post—;easganalues (Table 45).
The chin—upsbof(the non-weight trained hoékey players changed
froé trial two to trial three .(Table 51). |
| A significant decrease in right grip. strength wgs.noted bg—
tfeen trials one and two (Table 50 ). o
The back’strength, leg étrength,,sﬁrength index, shoulder-
dips, left grip strength, and - al capacity of this grbup remained the’

same during the season.
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Weight Trained Group

ey

The hockey players that weight-trained showedvan identical
pattern with the non;Weight—trained group in PWC170 and MVO2 during the
season (Figures 1 to 3) |

The weight-trained group remained at the same level in ?ack
strength, leg strength, strength index, arm strength, chin—ups and
shouldergdips from trial one tb trial two. However, a significant
'uhange was observéd fof all these parameters between frial two and

trial three. (Tables 45, 46, 47, 48, 51 & 52). \

No changes occurred in grip strength or vital capacity ’)

during the season. | ' . | _ \‘///

Fitness-Performance Correlations:

- The performapce;naiing from the'prgference test correlated
(f = ,552) éignificantly with body weight only for the senior team
(p = .05) (Table-é?). No significant correlétioﬁs were observed
.between the performance‘rating and fitness parameters of the juniof
players (Table 66).

Bod} weight of the junior players correlated significantly
with PWC17O (r = .666) and maximum Oé intake when eipfessed in liters
pef minute (r - .683); Whlle that of the ‘senior players ccrreiated
81gn1flcantly only with maximum 0, intake (r = .574). |

Significant cqrrelations of r = .806 and r = .998 were
v observed,betweénjfhe PWC. . and Max Vo, (litérs/min) for the senior

170
and junior values. The PWC 170 values of both groups also correlated

35



significantly with Max VO2 expressed in ml/kg/min.
| The strength indéx‘of the junior hockey players correlated

(p = .05) with PWC,,0 (r = .562), ¥ax VO, (liters/min) (r - .575),

‘ 170
and arm strength index (r = .727), but no relationship between these
measurements were observed in the senior hockey playeré.

All other correlations examined were insignificant

(Appendix. C).
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CHAPTER V

DISCUSSION

Physical Working Capacity

- Both groups of hockey players underwent significant changes

in physical working capacity during the season while the control group

v

remained relatively the same. The non-weight-trained hockey players

increased 16% in chl?O

season value of 1552 kpm (p = .01); then increased a further 2% to a

from a preseason value of 1339 kpm to a mid-

~-postseason Value of 1585 kpm.

The welght trained hockey group experlenced a 13% increase;
from 1354 kpm to 1526 kpm, followed by a 1% decrease in the latter
part of the season.

L ,

‘The chl?O of the control group increased nonsignificantly
from 1200 kpm to 1314 kpm, and finished at 1278 kpm during the season.

The PWC170 scores obtained in sevéral oﬁher studies are
presented in Table one. Tornvall (1963) and Hellstrom (1961) invest-

igated the physical working capacity of militéry conscripts and

-

(S

reported mean chl?O values of 1064 kﬁm’and 929 kpm. Wendelin et al
}(1965) reported a mean PWC, .. value oflllO7 kpg for'l53.medical students.
This value is ‘quite similar to thq 1143 kpm value obtained by Miki
(1969) for 54 Physical Education students. De \}ries and Klafs (1965),
Fedoruk (1969) and Holmgren et‘al (1967) also studied the physical
working capacity of Physical Educatlon majors and 01ted means of 1266

~ kpm, 1345 kpm, and 1400 kpm.
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TABLE 1

A CQMPARISON omv,wm%mHok»h WORKING CAPACITY STUDIES¥

Runners

INVESTIGATOR SUBJECTS N AGE WEIGHT .- | EO,SOA.HGE\EE
ki (1969) P. E. majors 54 T 224 t1.35 75.96 ¢t H_o.,d 1143 + 186.8
deVries & Klaf's (1965) P. E. majors 16 . 22,4 | 78.5 - 1266 + 276
Fedoruk P. E. majors 24 .h..H@.@Q 76.1 X Hwbw 3
moﬁumdm: et al AH@.QVV P. m,w majors (Swedish) 10 71.6 £ 9.0 1400 t 237.7
Wendelin et al (1965) Medical Students 153 21.5 69.5 , 11107 + 301
Tronvall (1963) ?EHH&E.W Conscripts 89 19.5 68.3 : 1064 + 218
“Tornvall (1963) Middle Distance 23 22.5% 3.3 69.3 1551 t 151 .
Runners
Hellstrom A 1961 ) Middle Distance 48 66.3 + 4.5 1607 17,4

* Adapted from Miki Awooov,@. 9/,
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The differénce in the PWCl7O scores listed above may Be due

to-sample variation in regards to:

1. 1lean body welght: ‘

2. superior cardioresniratory fitness and/or,
3; mechanical efficiency (Miki, 1969).

The difference between ﬁheAPW017O of the military conscripts
and the Physical Education ma jors may be attributed to/heavier body mass
of the students and higher cérdio—yascukﬁr efficiency. Miki (1969) rea-
soned that the highér physical working capacity (1400 kpm) of the Swedish
. fhysical Education majors was due to a higher level of fitness and an
advantaggzin pedalling efficiency compared to the North Amefican studénts
“examined in other studies (deVries and ‘Klafs, 1965; Miki, 1969; Fedoruk,
1969). | K
The physical working capacity of highly-trained middle dis-
tance runners (1551 kpm + 151 kpm and 1607 kpm + 174 kpm) have been re-
ported by Tornvall (1963) and Hellstrom (1961). The thirty hockey players
studled in the present study improved from an initial mean PWC170 score
of 1346 kpm to a midseason value of 1539 kpm, and a postseason value of
Vl545,kpm. .$hls initial value of 1346 kpm is similar to the 1345 kpm
renorted by Fedoruk (1969) for-twent&—four first yé;r Physical Education
Studénts.,,The midéeason and postseason values for the hockey players in
the present étud& were comparable with the 1551 kpm value of the middle
disténce runners stndied by .Tornvall (1963), but below the value of 1607
kpm obtained for another group of distance runners (Hellstrom, 1961)

The weight of the hockey playegs was greater than that of the middle

distance runners, therefore, the runners exhibited superior cardio-

respirapory fitness. This greater efficiency is evident when the physi-
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cal working capacity is adjusted for body weight. The postseason PWC170
“of the hockey players (20.4 kpm/Kg.) is Below that reported for the

middle distance runners (22.L4 kpm/Kg. and 24.3 kpm/Kg).

. ;Hellstrom (1961) reportea an 18 peréent improvement in chlYO for»
88 young milifary conséripts followihg a three month training period . |
(1273 kpm to 1502 kpm). The hockey players in the bresent study showed

a 15 percent improvement in physical working capacity during the season.

Maximal Oxygen Intgké

)

Maximal Oe‘intake valué; of the two_héckey groups improved
significantly (p =.01) from preseason to midseason, then remainéd un-
changed for the rest of the seasoﬁ. Table fwo presents a summary of the
changes in maximal O2 intake during'the season. The control Subjecfs
showed a tgndency to improve during the season, buf; no significant change
Yasvobservéd. The thirty hockey plgyers éemonstrated ﬁean 02 intgke

values of 3.8l liters/min.,vh.38 liters/min., and h.ho‘iiters/min. at
the th£ee testing seséions dﬁring the season.’

Figures & gnd 3 sho; that both hockey groups levelled Qff in;

maximal O, intake during the second hall of the season. The nockey
gfoup that weight-trained dropped slightly from L.3h to L4.28 liters/min.

between trial two and three, while the other hockey group increased slightly

froz bk to L.51 liters/min.
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TABLE 2 :
Ombzomm IN gbezbhvom INTAKE UGmHZO,> SEASON OF ICE HOCKEY
‘ o “Maximal oN Intake
OAch : N Triall 1l Trigl 2 HdeH 3
| 3.43 3.48 3.69
Control 16 © 46.19"" 47.43 50.12
| A | 3.82 AVAES: 4.51
Hockey 15 49.67 58.12%% 59.32
(non weight training :
. 3.85 AT 4.28
Hockey 15 20%x
(weight training ) 51.53 58.39%x 57.37
_ , T 3.8, 4.38% 4.40
Hockey 30 . 2 D65y
(total) , . 50.60 58.25 mm.wb
¥ p=.05
¥ p = 01
+ o
liters/minute

+

+EH\WN\BM:



Table three presents a summary of studies reporting the max-
imal 02 intake Qf other ice hockey players. The postseason value of
*.4.40 liter/min., or 58.34 ml/Kg/mln observed for the 30 nockey players
in the present study agrees closely with the values presented in Table
three. Only~th¢ value of 62.2 ml/Kg/mih., reported by Nellson for 18
O.H.A. junigr A hockey players, is higher than the peak value obtained
in the present study. Results of the present study showed an improvement
in the aerobic capacity of hockey players at the University of‘Alberta
compared with the 1965'éeasonal values presented by Watson (1965) of
4.11 iiters/min. or 54.26 ml/Kgymin.

Green (1973) observed that only mlnlmal seasonal changes
. (3%) occurred in merobic capac1ty w1th the l8 players studied Another
vstudy by Green et al (1972b) reported a similammchange of 4% during the
season. The findings of the present study in régards to aerobic capacity
(15% seasonal iﬁcrease) concurs with those of Watson (1965) who reported
a l7.46%{improvement durlng the year. This would indicate that University
of Alberta ice hockey players receivea a more adequate traihing stimulus
during the season thaa the players studied by Green et al (l972b) and
Green (1973). | M

| Green concluded that intercollegiate hockey‘blayers measured
well below enduranae athletes ln aerobic capacity. A ralue va65.8
ml/Kg)ﬁln. (Buskirk et al, 1957) was reported for five cross country
CrLNErs about.twenty years of age. One of tﬁgﬁhighast aerobic capacities
ever recorded was 8% ml/Kg/min. for a Swedish cross country skier (Saltin

and Astrand, 1967). The aerobic capacity of mos i - hockey .eams studied

has ranged between 53 - 58 ml/Kg/min. This wouid 1 to support Green's
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conclusion. The highest aerobic éapagity reported for an ice hockey
team has been the 62.2 ml/Kg/min. QNielson, 1974 ). 1This particular
team participated in a supplqﬁentary>jdgging program along with the
on-~ice éqnditioning sessions during the ice hockey season. The high
degree of aerobic capacity attained by this group can be attributed to
a great eitent to the jogging program emphasizing again the needrFOr

better training of ice hoekey playérs, in terms of maximal 02 intake.

N
©



TABLE 3
MAXTMAL Om INTAKE OF ICE HOCKEY PLAYERS
. . - ) Maximal O, Uptake
tnvestigator Subjects - liters/min  ° - ml/kg/min
Watson (1965) H:amﬁ,oou.wmm»mdm 10. o 4 11 54 .26
Howell (1966) Intercollegiate - - 57.0
Ferguson et al (1969) Hsﬁmwo.ow.pxmmwmdw - - 55.0
. f
” I R
Sreen et al (1972b) Intercollegiate .20 4,18 . 56.4
Areen et al (1972¢) Intercollegiate 8 4. 04 53.4
Neilson (1974) Junior A 14 - 62.2
Sreen (1973) Junior A . 18 443 57.1
Present Study Hsdmdoowwmmwmdm 30 4.40 8. 34




Muscular Strength'and Endurance

As mentioned previqusly, the control group did not chgnge
‘signifiégntly on arm strength, strength index, back strength, leg
strength, chin-ups of shoulder-dips’during the hockey season. ' Both
hockey grouﬁs demonstrated ﬁo significant change.in arm strength!'
strength index, back strength, ;ég strength, chin-ups and shoulder dips
from‘preseason'to.midseason Qalues. The right and left grip strength of
er weight—trained group remained the game throughout the study, as did
the left grip strength of the noﬁ—weight—tyained group. The right grip .
of the non-weight-trained group decreased significantly (p = .Ol)‘bet- |
ween-trial one and two,‘ghen reméined‘relatively the same.

The in-season weight-traihing program was conducted during
the second half'of the season. The effectiveness of this program o ..
develop and maintain muscﬁlar strength and endurahcé ﬁas agsessed by a
comparisoh of the ...ans for the two hockéy grggﬁs betgéen-trial'two and
three. The ngn—weight—trained group failed towﬁake any»signifiéant
improvement in arm strength, strength index, -back strengxh,gleg strength,
hleft and right grip strength, and‘shoulder—dips. An inc}ease in chin—
ufs from 10.57 to 12.40 was*the only significaht change measured in A
strength or éndgrance for the nbn—weight—trained‘group between trial two
éﬁd three (p'= .01). An overall increase in arm strength index was noted
preseason and_postseason.falues (p = .01).

Significant increases were observed for-the weight-trained
group in‘arm strength index, strength index, leg strength, chin-ups

and shoulder-dips (p = .05). Back strength increaged from 397 pounds
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TABLE 4
MUSCULAR STRENGTH AND ENDURANCE CHANGES BETWEEN TRIAL TWO AND TRIAL THREE ‘

Group . Arm Strength Index Strength Index Back Stpength - Leg mwwm:md:
ﬂw au D am Aw D am aw D ¢ am www D
Control 795.8 819.1 23.3 2797 2838 41 412.8 422.8 10 1038 1060 22.
Hockey i - Ea—
(non weight 933.3 970.3 37.0 2992 2974 18 414.3 395 19.3 1104 1066 - 38
truined) .
Hockey , , - - -
(weight 993.3 1046 162.7%% 2758 8095  337x% 397 421.3 24.3 952 1087 135«
trained) - .

TABLE 4 (cont. )

Group * : Chin-ups | . Shoulder Dips ,

: I Hw D am %w . "D
Control 10.09 10.59 0.5 - 21.37 2181 0.4
Hockey , .
( hon weight : 10.57 12,40 1.83%x 23.63 23.10 0.53

trained) B C-

Hockey - . v
(weight . o 11.67 13.53 1.86%% 22.40 26.90 ) 4. 50%%
trained) : v
¥ p= .0

¥ p o= 01 . ' , )
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at T2 to 421.3 pounds, but this was.ﬁot a significant change. A sea-
sonal increase in‘bagk strength was noted, however, between trial one
and frial three.

Table four summarized the changes which occurred in muscular
strength and endurance during the second half of the season. Chin-ups
and shoulder-dips increased 15.9% and 20.0% respectively for the weight-
trained group. The arm strength index, which is a measure of dynamic
enduranée, increased 18.4% from 883.3 to 1046. These increases in chin-

fJétrength index are highly significant (p = .01),

ups, shoulder-dips and arm

lhowe?er, they were well below the improvemePts reported by Dennision et
an (1961) for a similar weight-training program.

| Dennison et al had an experiﬁental group of ten University of
Eritish Columbia undergraduates employ a weight-training program twice
a week for eight weeks. They rnportéd'a 66% increase in shoulder—dips
(6.2 to 10.3), a 64% increase in chin—ups_(5.3 to 8.7) and a 71% increase

in arm strength index (321 to 550.1), which were é;éﬁificant at the .02,
.01 and .01 level of cénfiéence; respectively. The greater increases
réporfed by Denniséz et ai can be attributed to the 10; initial values,

. lgngér program aﬁd stricter cohfrol over £hé weight—traiﬁing sessions.
The univérsity undergfaduates probébly had not had ag muéhvweight—train—v
ing experience as the hoékey players of the present study; therefore, the
students started_;t a lower percentage of their maximum strength and
enduranceqcépécities. Not all of the hockey players in the weight-
trained group were able to completé the fourteen training sessions, due

-to on-ice practice sessions and academic commitments. This would have

detracted from the~upper*body'endufance gains measured by the chin-ups,

K
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shoulder-dips and arm strength index.

Cureton (1943) found a 28% increase in chin-ups and a. 49.3%

_fncrease"in shoulder-dips féllowing a one-hour physical conditioning
clac carried out twice-weekly over a period of‘lé weeks. Kistler (1944)
conducted a uonditioning\?rogram one half hour, three times a weék, for
eight weeks. He found a 8% increase in chinning and a 17.6% increase in
shoulder-dips.
| Capen (1950) reporﬁéa increases of 27.9% in chinning and
16.4% in dipping after a weight-training program. Scott (1964) reported
én‘insignifican ‘ncrease of  5.5% in chin-ups and a significant ihcrease
of 22.6% in shoulder dips following a twice-weekly conditioning program
that lasted for eight weeks. Scott also reporiéd a éignificant (p = .05)
incréase in left grip strength from 107.4 pounds to 117.67 pounds, and
~a significant increase in leg étrengthvfnom 469.9 to 520.1 pounds; Back
strength increased from 341 pounds to 349 pounds, a 2.4% difference.
Back strength and leg strength of the weight-trained group
in thg present study increased from 397‘£6A421.3 pouhds,.and 952 pounds
to- 1087 boundé, between trials two and-fhree. This was a no;significant
6.1% rise in back strength and avsignificant 14.2% increase in leg
stréngthb(p = .01). These results concur C1oseiy with those of Tuttle
et al (1955) and Miki (1%5){ Tuttle et al found a back strength of
368 + 73 pounds and a-leg sﬁrength of 1107 + 381 pounds for a g%c
t- . -three subjects aged 24 to 46 years of age. Miki reported a mean
“-agth of 527.4 + 77 pounds and a mean leg strength of 1140 + 189
2 oo fif%y 1r undergraduste Physical Education majors at the

University <~ .. is.. »lumbiz.
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TABLE 5

COMPARISON -OF STRENGTH AND ENDURANCE LEVELS OF THE TWO HOCKEY GROUPS

Parameter . . Triael 1 Trial 2 . ’ Trial 3
Weight Hockey Diff. - Weight Hockey Diff, . Weight Hockey Diff.

v 1 - . ¢ —

>wusmwmgmdj 794.5 851.7 57.2 883.3 933.3 50 1046 970 75.5%

Strength Index 2622 2833 211% 2758 2992 234 3095 2974 121

Back Strength : 365.3 390  24.7 397 414.3 17.3 421.3 395 26.3

Leg Strength 921.7 1065  143.3% 952 104 152¢ 1087 166 21

Chin-ups - 10.23 10.67 0.44 .67 10.57 1.10 13.53 12,40 1.13%

Shoulder Dips : 20.93 20.77 0.16 22.40 23.63 1.23 26.90 23.10 3.80%

Right Grip , i

Strength 132.5 128 4.5 127.3 120.3 7.0% . 130.4 12013 10.1%x

Left Grip .

Strength 128 126.6 1.4 123.1 120.1. 3.0 - 125.3. 122.1 3.2

* Hunuom

¥ p = 01
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Fﬁrther evaluation of the weight—ifaining program émployed
in the present study is possible by comparing thé means of the weight-
trained and non-weight-trained hockey groups. No. signifijicant diffefence
between the two groups existed at trial one ér ;wo for the:foliowing
muscular strength and endﬁrance measures: shouldér—dips, chin-ups, and
arm stréngth index. Howev: -, following the weight-training program, the
postsééson values of the weight—traiqed‘group were'significantly (p = .01) 
greater than those of th; group that did not weight-train for these three
parameters.

The means of the two groups for leg strength and strength
indéx were significantly different at irial one apd.trial three, with
the non;weight—trained group having the larger mean. Po;tseason diff-
erences for leg streﬁgth and s£rength index were not significant, indic-
ating that’the weiéht—training program wés effective in reducing the

difference between fhe two hockey groups. Table five gives the compar-

ison of means for the two experimenial hockey groups.
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Muscular strength and endurance levels observed in the pre-
sent study céncur closely with those reported by Neilson (1974) for
Peterborough Petes Junior hockey players. -Neilson found a mean pos£—>
season back strength value of 426 pcunds compared to h21 (weight—trai&ed)
and 395 (non—weight—tréined) observed in the p;esent study. The leg
strength of the weight-trained group (1087 1bs.) was higher than the 1066
of the non-weight-trained group and the 1018 reported by Neilson. The
right and left grip strengths (130 pounds and 125 pounds) of the weight-
trained group in the present study coﬁcurred'withItherO.H.A. 5ﬁnidr team
(137 pounds and 12L pounds). The other hockey gfoup studied in the preéent
sfudy demonstrated somewhat lower (120 pounds and 122 pounds) valyes for
right and left grip strength. | |

™\

Fitness-Performance Relationships

’

As_mentioﬁed in Chapter IV, the correlation between the perfor-
mmﬁ?zscoresvof the senior hockey players with their body weight was the
onl& significant reiationship found. Correlations comparing the perfor-
mance score with the fitness measures: PWC”O, Mﬁximum O2 intake, arm
strength index and strength ihdéx were not significant for eithe? group.
The.results of the present study indicated that body weiéht was closely

_associated with performance, at least in the senior team, while fitness

measures studied were.not related to performance}és meas

paired-performance test,



CHAPTER VI ' "

SUMMARY AND CONCLUSIONS

Seasonal Fitness,Changes

N ,
'Fitness appraisal was condUcteE\three times during the 1973-/

season on thirty intercollegiate hockey players at the University of
Alberta to observe inseason fitness changes. Physical working capacity,
. maximal O2 intake, grip strength,‘back strength, leg strength, arm '
strength index, strength index, chin-ups, shoulder dips, and.vital cap-
acity were the fitness measures examined. Subjects were tested in
October (preseason), January (mldseason) and March (postseason) Six-
i”teen moderately—active undergraduates from the university aoted as con-
trol subjects for the experiment. 4

This study revealed that the‘hockey players examined increased

significantly in.physical working capacity and maximal O2 intake between

pre and midseason testing, then remained at that. same level for the rest
of the season. The control group increased slightly on mid and post
season measures of PWC 170 and Max VOZ’ but not significantly

Muscular strength and endurance were evaluated by the grip
vstrength, back strength, leg strength, arm strength index, chin-ups,
shoulder dips and strength index. The hockey players did not show any
improvenent in arm strength index, strength index, back strength, leg

strength, chin-ups or shoulder dips between pre. and midseason testing.
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Weight Training

The hockey players were sblit into iwo gfoﬁps to evaluate

the effectiveneséiof-an in-season weight training program conducted dur- '
ing the second half of the seaéon. The non¥wéight—trained hockey group
demonstrated no chaﬁge in arm strength inde*, back strength, leg strength,
grip strength or shoulder dips between mid and postseason testing. An
" increase in chin-ups was measured betweén tyial-two and tfial three.

~ The hockey group that did participate in the‘weight training
program improved significantly in arm strength indei, strengfh‘inde¥,
leg strength, chin-ups and shoulder dips during the second half of the
season. Back strength increased nonsignificantly between trials two and
three, resulting in a significant iﬁprovément between trials one and -

three.

The control group remained unbhanged'on all str-.gth and en-

durance measures over the three testing sessions.
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Fitness and Performance

An attempt was made to relate playing performance of the
hockey players to the varioug fitness measures taken. Scores obtained
from a paired preference test completed by the hockey groups wene cor-
relatgd wiﬁh posféeason values of PWC17O’ MaxuVOZ, arm strength index,
strength index and body weight. |

"It was found that body weight correlated .significantly with
'Vthe performance score (r = .552), whereas PWCl7O,‘Maximél 02 intake,

arm strength, and strength index did not.
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Within the limitations of the present study, the folloﬁing
conclusioﬁé can be drawn: )
1. a Season,oflintercollegiate ice hockey significantly
improved the physical working capacity and oxygen intake
of the players studied.
A
2. improvement in physical working capacity and maxiggl O2

intake was confined to the first half of the season.

j: back strength, leg strength, strength index, shoulder
dips and grip strength are not changed by a season of
intercollegiate hockey; arm strength index and chin-ups

may be improved by this type of hockey program.

4. an inseason weight-training program can make a signifi-
cant coniribution to the muscular strength and endurance

of intercollegiate ice hockey playerd.

5. the hockey players in the present study compare favourably

in Maximum O2 intake and strength and endurance measures

, : 1}
to players previously studied.



the players in this study were lower in Maximum O

2
inteke than enduranée athletes previously studied.
L
7. playing performance as measured by a paired-preference
test waes not closely related to physical working capacity,
- maximum O, intake, arm strength index or strength index.
» 8
8. playing performance at the intercollegiate level was
associated with body weight for the senior players studied.
Recommendationg
" l."Further study be done to determine if the peak»valués'for
.physical working capacity and maximal 0, intake obtained
in this study at midseason are represedfative of the
i training pattern for intercoliegiate hockey teams.
2. Improved aerobic training methods be utilized in training

intercollegiate hockey players to increase aerobic cap-

- acity, especlally during the second half of the season.

The effectiveness of inseason weight—tréining programs
should be‘compared to thatvof preséason programs for in-

creasing strength and endurance.
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4. Further investigation should be undertaken to relate

playing performance to fitness parameters, game skills

and motivational factors.
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ANALYSIS OF VARIANC@*‘;TABLES
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SOURCE OF VARIANCE

Between Subjects
"A' Main Effects

“wabjects Within Groups

Within Subjects
'Bf Main Effects

"A¥B' Interaction

'B'.Subj.” Within Groups

3

TABLE 6

FOR PWC

S5
ERKEKR KK KNS K
XKRKK KK RKRK ¥

HHEKNKKENXE

HHRKKRHKRK KA X

170

665728 . 500

203528.500

ERXXRERARK

\

DF

45

43

92

86

ANALYSIS OF VARIANCE

MS

941085, 500

110931.312

332364.250

Y

50982.125

16250.043

8.483

20.453

3.137
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~0.0007858

0.0000007

0.0185172



'B'.Subj. Within Groups
v P

%Y

SOURCE OF VARIATION

Between Subjects

"A' Main Effects

Subjects Within Groups

Within Subjects
'B' Main Effects

"AXB!’ Intefaction

TABLE 7

ANALYSIS OF VARIANCE

Ss DF MS F
50.194 45
14.007 2 7.033 8.392
35.886 43 0.835
17.631 92 2.754

5.508 2 0.381 22.114
1.522 4 0.125  3.056 -
10.711 86

)

rq ' ' FOR OXYGEN INTAKE (1liters/min.)

0.0008362

0..0000007

0.0209395
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TABLE 8

_ ANALYSIS OF VARTANCE
FOR OXYGEN INTAKE (ml/Kg/min.)

'SOURCE OF VARTATION ss DF MS F

o
Betweén Sub jects 5495.875 45
(E; Main Effécts 1873.065 2 936.532  11.243
Subjects Within Groups | 358\1.8];2";% 43 4 83.298°
Within Subjects ' 3139.437 92
'B' Main Effects 1122.786 2 561.393  27.294
"AXB' Interaction _ 268.983 4 67.246 3.269

)

&% 'B'-Subj. Within Groups 1768.875 86  20.568

e

0.0001178:

0.0000001

0.0151687
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TABLE 9

ANALYSIS OF VARIANCE

FOR ARM STRENGTH

SOURCE OF VARIATION ' SS DF MS F P
Between Subjects ARXRKRRKRX 45

'A' Main Effects 504,015,312 2 252007 625  2.380 0.1046596
Subjects Within Groups = ¥¥¥XX¥XxXXx 43 1105896.125

Within Subjects CORERRRARERN Q2

'B' Main Effects 513405.936 2  256702.937 27.895 0.0000013
'A¥B' Interaction . 147400.812 4 36850.203 4,.004 0.0050086
'B.Subj. Within Groups 791408.000 86 9202.418



TABLE 10

“ANALYSIS OF VARIANCE

FOR STRENGTH INDEX

SOURCE QOF VARIATION

Between'ngjects
'A' Main Effects

' Subjects.within Groups =~

Within Subjects &
. 'B' Main Effects
"A*B' Interaction

'B' . Subj. Within Groups

SS

LEEE T LR TS

587765.062

LER TR E T T

R EE TS TR

CRERKAKK KRN

749290.187

LEERE S 2T

DF

45

43

92

MS

293882. 500

348844.625

187322. 500

39352.555

0.842  0.4376370

€;22:>

18.576 0.0000001

4.760 0.0016210
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v

SOURCE OF VARIATION

Between Subjects
"A'" Main Effects

Subjects within Groups

Within Subjects
'B'" Main Effects

"A¥B'Interz .Ion

TABLE 11

ANALYSIS OF VARIANCE

OF BACK STRENGTH

s
376912,
8134.
368640.

166704 .
28965.

13297.

'B' . Subj. within Groups 134912.

000
465

000

000

105

020

000

DF
45
2

43

92

86

2067.232

8573.020

948 5L

3324.255

1568.744

0.474

6.045

2.119

0.6254637

0.0034984

0.0853131

. P
h
1
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TABLE 12

ANALYSIS OF VARIANCE

SOURCE OF VARIATION

‘Between Subjects

'"A' Main Effects

- Subjects within Groups

%

,x Within Subjects
v

W' B' Main Effects

IA*BI

IB1

Interaction

. Subj. within Groups

FOR 'LEG STRENGTH

5SS
XHKK R AKX R

193174.437

%% K 3K K% XK

LEE R E T R L2 T

112120.812

154861.250

KKK KK %

DF

45

43

86

9,527,188

106924.625

45060.406  3.64B -

138715.312

15365.578

0.903

2.520

.73'

1 0.2127689

-6.0301439,

0.0469559



TABLE 13
. , ANALYSIS OF VARIANCE FOR LEFT GRIP
STRENGTH
SOURCE OF VARIATION
: SS DF MS
Between Subjects 20458.000 45
A Main Effects 867.447 2 433.723
Subjects within Groups - 19578.000 43 455.302
“
Within Subjects 4410.000 92
'B' Main Effects 327,447 2 163.723
'A¥B' Intersction 79,362 L 59.840
'B' . Subj. within Groups 3851.000 86 44,779

0.953  0.3937229

3656 0.0299236

1.32&  0.2630159

74



2 TABLE 14

ANALYSIS OF VARIANCE FOR RIGHT GRIP STRENGTH

SOURCE OF VARIATION

55 DF MS F
Between Subjects  23696.000 45 |
'A' Main Effects ' . 1304.042 2 652.021  1.251
.Subjects within Groﬁps'“. 22414.000 43 521.256
. Within subjectg | 4371.000 92
' 2 214.468 5.518

'"B' Main Effects 428.936

r

'A¥B' Interaction 382.979 4 95.745 .303

"B' . Subj. within Groups 3576.000 86  41.581

XS

vy

GO

R N e )

0.2964588

0.0649615



. ‘R?'L' T

UB' . Subj. Within Group®  177.

809

[F3

Ve
LAY

. "\.\ 4
B3 . @x,
TABLE 15
ANALYSIS OF VARIANCE FOR CHIN-UPS
o B \{
Y B
SOURCE OF VARTAGION ss DF MS F P
"k‘s\ . h b ’
*Bhiween Subjects B ©1519.906 45
'A' Main Effects 63.655 2 31.828 0!940° 0.3983272
OV IR e
Subjects Witw®n Groups 1455.223 43 J33.842
. N . i ::,‘,“:3 . A ‘
Within Subjects | 206.836 92 7. (&i Lo S e .
‘B! Main Effects - 92.008. 2 46,00, 22,251 0.0000007 .
LA : Wy ’ . - .,‘2, g v‘}i.,‘f_‘ 2
- 'A¥B' Interaction T 29:.236 '4.«1) 7.309 ,??3":-5.35 "~ 0.0101559

2.068 < ¢ ¥

m o

6"

Y



TABLE 16

ANALYSIS OF VARIANCE FOR SHOULDER DIPS

“SOURCE OF VARIATION

4Between Sub jects
: vy

"A'" Main Fffects

Subjects Within Groups .

Within Subjects
$B' Main Effects ™

'A*B*Interac@}dﬁ

&

it Suby. within Groups
% »5.3 o

o -

5SS
4604 .625
'1153.%98
444 3. 562

. 1Q97.375

. 120.519

rukl,

302,972

679.063

DF MS F P
45 ’
2 79.199 - 0.766 0.470925/

4374103.339

Ader: v
ot )
. wpds U
S, (| I
il

4 30.130 3.816 0.0066552

Salg ' 1 s
86 7.896
R &
&
R
: ¢
| o
»

. b:, o ‘_. . ' .
131, §S .185 0. 8
2 131 é 19.185 0 OOOOOO‘}O_ )
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TABLE 17

A) .LYSIS OF VARIANCE FOR VITAL CAPACTTY

v

. SOYRCE QF - TION

Between Su  octs
'A'" Main Effects
. L

Subjects within Groups

Within Subjects: -
'B' Main Effects
"A¥B' Interaction

"B' . éubj. wiihin'Groups

5§

157601.006 45

4217.551

153457.000

.5877.000

597,447

199.149

5068.000

2

43

92

86

2108.775

3568.767

.298.723

e

VIV

0.591 0.5582623

57069 0.0082965

0.845 0.5005919

58.930
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APPENDIX . B

NEWMAN-KEULS COMBREISON TEST,

I ) f ’ 2
FEEER -, ‘/ .
privs o FOR THiE ¥FFECT

LEGEND FOR TABLES IN APPENDIX B.

. « .
. T1 - Trial 1 (Preseéason)
T2 - Trial 2 (Midseason)

T, - Trial 3 (Pdstseason)
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¥V



TABLE 18

il

Newman-Keuls Mean Comparison Test for Time Effect 4in PWC

170
Ex 4
Time T1 T2 T3
. ' ‘ :
Means 1300 1430 © 71460
1 - 130%% 160%%
7 S

N ‘Jﬁw‘ o —

.i\‘s R A \5’ ,
.2 - 30

- /

p = .05 93.1468;
P = .01 '123.7569; W43

Newman—Keuis Mean Comparison Te::" for Time Effect in MVOz-(lit/min)*

.;;“fABLE 19. i

F
B - | .
Time Tl T2 ?3
—=3
V] " . /
Means 3.703 - .. 4.079 ) 4.163
\
¢ 1 - , 376k 46
E 2 L - . 084
='.05 0.2583;- 0.3103% - ‘

.01 0.3432; 0.3879%x

s
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CTAY U
. Newman-Keuls Mean Compa- .n Te: o Time Effect in MV02 (ml/kg/min) -

Time ' 5 o Tl - T2 T3

. Qﬁ’»‘ ;‘ N -‘ -‘ N
Means 49,13 54 .65 e 55.60

1 - ST sk 6.47%%

T
., R - \ )
COT : v : o
Pl : - . : :
jte4 2 . W 0l L ’ - ' 0 ! 9
N .y IS ) N = .

05 3.3138; 3.9813% .- o L. o,
p = .01 ”4.4028; '3,93;3** . . SR '

o

“ TABLE

oS

1

’ Newman-Keuls Mean Comparison Teét“for Time Effeét in Arm Strength

1
-4 rid Y
. { '

T 1, - CTSE o 149.4%%

. 2. o 4. 3%

.05 70.0957; 84.2139
.01 93.1307; 105.2674

o
non
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». TABLE 22
rs ‘ f
Newman-Keuls Mean Comparison Test for Time Effect in Strength Index

\i;
Time | . Tl, . T2 T3
Means 2717 | 2849 2969
1 - 91 211%
}L__’ ,
2 e o _ ' 120
«»A ! .'"'\n ‘
p = .057 144.9530; 1#%ak485%
p = .01 192.5877; 217.6856%%
N h TABDE_23

N'ewman—Keul(s Mean Cc;mparison Test for Time Effect in Back Strength

Tlme L @ Tl li/’ 3 J~2 T3
lf S B
“ans®  t 386.0 T 408.0 413.0
L - 220% . 270% -
B R . . ~ ’ 4 !
2 1 _— 7 50%
= .05 28.9412; 34.7703%
D = .01 38.4519; 43.4629%%

b 3
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TABLE 24

. oA
Newman-Keuls Mean Comparison Test for Time Effect in Leg Strength

—t -
Y
}
Time . T1 4 T2 | T3
M;. o
Means o 1001 . 1331 1071 e ,
’ . V)
1 - 30 70
) - 40
P = .05 90.5764; 108.8197%
p C=

.01 120.3418; 136.0246%* -

TABLE 25

Newman-Kei1g Mean>Compéfison Test for Time Effect in Left Grip

\

"
Time . \ . T2 _ T3 f
Means o 121.2 . 121.8 124.7
e T
1 - 6 3.5
2 ": ' - « 2.9
- . ,
.05 4.889652565; 5.8744% o .

folie)
non

(01 6.496499521; 7.3431%%
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TABLE 26

Newman-Keuls Mean Comparison Test for Time Effect in Right Grip

Time , ‘ T2 T3; T1
Means ' 124.0 125.1° » o 128.2
L1 - 1.1 4.2
2 - 3.1
P = .05 4.7118; 5.6608% yuillns N .
p = .01 6.2602; 7.0160%xL3 &
- : f-",‘?u';? -

TABLE 27

Newman-Keuls Mean Comparison Test for Time Effect in,Chin)Upé

Tlme(" : Tl ’33;2:/,¢"&5_ " T3
LY . ) .
Means - - 10.24 10.78 . 12.17
? N . :
N N )
1 - 54 1.93%% 4
Ry ' '
2 T 13.9
v s ‘v ' :
9 1.05; 1.26%

= .05
p = .01 1.40; 1.58%x -
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TABLE 28

Newman-Keuls Mean Comparison Test

for Time Effect in Shoulder Dips

)
Time T1 FZ T3
MYeans- 20.33 22,47 23.94
/ B
1 - 2.14% 3.61x%x
.
‘“ z w 4 - »\Ji';;:" s 4 1"7
- [ S A "A‘,"'.;t; .“;_,;;&:_-
T
p = .05 2.053; 2.467% © - SE
D= .01 2.728; 3.084%x
L TABLE 29
*&gb s
Newman Keuls Mean Comparlson for Tlme Effect in Vltal apac1ty
U L]
" ) .
me AR -
- ‘\:],‘ s i
Means ' 290.5 2947.2 295.4
1 - 5 3.7 4.9
2 - 1.2
p=.05 5.609; 6.739%
p = .01 7.453; ,8f42§**



/ APPENDIX C  * -

NEYMAN-KEULS . COMPARTSON TEST - T
FOR GROUP EFFECT .
a . »
LEGEND FOR TABLES IN APPENDIX C -
C - 'Cohtrol,Group ¢
'H -~ Non Weight-Trained Hockey Group
- " W = Weight-Trained Hockey Group
{ s
. L pod
. ‘“ . v
P 'ég:
¢ a /"\ ‘ e



TABLE 30

Newman-Keuls Mean Compafison Test for Group Effect in PWC170

Group C. » W H
v oMeans - L1230 1460 1490
. . 1
1 : 230 . 260
) 2 _ .‘30'130
Z0\05 243.3752; 292.7311%
Dl ) 32’5.0_676; "'3'71.870@’3*
P i T o .
oy "
. TABTE 31 -
Newman-Keuls Mean Comparison Test for Group Effect in liNO‘é
. B x N -
s L A
¥
Group ‘ - c - ' W ' ' -~ H
Means _ 3.534 _ 4.162 4,249
1 DI E 628 715
, 7 / _
2 N - 087
p= .05 .6677; .8031% v
.p= .01 .8918; 1.0202%% -



TABLE 32

Newman-Keuls Mean Comparison Test for Group Effect in W02 (ml/kg/min)

=
1]

o

ja

6]

fs

I~
~2

<0
—
N
\n
~1
(@]
NI
o
g
o

.
, g
k] —
! ) ' ) on
1 - 5. 52% ¥ 6L 4T7RR
5 _
v X
2 - . 0.95
o o
w4

.05 6.6784;  8.0328% L
.01 8.9201; 10.2044%% - _ g

El ’ . o
\

e
non

“STABLE 73

. , / . ’ .
" Newman-Kelils Mean Comparison Test for Group Effect in Arm Strength:

. -+ g - i~ )
1w s Y '
. Group f%’ ‘ Cc e L .., H
. o o . v w o .

Means . . 785.3 ” 907.9" 918.4)

R 122.6 L 13301 '
Py 2 _ . | _ o 10.5 :
P = .05 237.7877; 286.0104% N c

kel
0

.01 317.6045;  363.3330%% "~



TABLE 3.

Newman-Keuls Mean Comparison Teat for Group Effect in Strength Index

Group C W H
Means , 2777 D825 2933
1 - l 48 156
: \
A - 108
p = .05 431.5840; 519.1081% ) 1

go
i n

.01 576.4?14; 659.4484%%

TABLE 35

‘Newman-Keuls Mean Comparison Test for Group Effect in Back Strength

Group : w H C
“
Means ' 394.5 399.8 ‘412.8
1 - ' 5.3 18.3
)
2 _ - ' ' - 13.0
D= .05 -67.6575;  81.3783*

= .01 90.3677: 103.3783%% .

o]
|



Newman-Keuls

TABLE 36

Mean Comparison Test for OGroup Effect in Leg'Stronth

Group W G H

Means agy 1038 1074
1 ~ a 91
2 - 40

p = .05 238.9@26; 287.3959%

p = .01 319.14&32; 387.3959%x

* TABLE 37

Newman-Keuls

Mean Comparison Test for

~

Group C H L

Means 119.4 122.9 125.5
1 - 3.5 6.1
2 - 2.6

p = .05 15.5919; 18.7439%

p = .0l 20.8255; 23.8239%x

a0
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TABLE 33

Newmarn-Keuls Menn Comparison Test for Group Effect in Right Grip

uroup H e W

Means . 122.9 124.4 130.1
1 - 1.5 7.2
2 - 5.7

p = .05 16.6830; 20.0663x
P = .01 22.2829; 25,4910%x%

+

P

TABLE 39

Newman-Keuls Mean Compa:ison Test for Group Effect in Chin-Ups

Group C H W
_ z
Means . 10.16 1121 11.81
1 - 1.05 1.65
2 - .60
£ = .05 4.2509; 5,1129%

L0l 5.6777;  6.4952%*

ol
1}



TABLE 0

5 )

Newman-Keuls Mcan Compuarison Test for Group Effect in Shoulder Dips

(}r‘gup B H W

Meang ‘ 20 22090 23.41
1 - ) 1.68 2.99
2 - .91

P =

.05 7.4281; 8.9345%
.01 9.9215; 11.3500%*

TABLE 41

Newman-Keuls Jean Comparison Test for Group Effect in Vital Capacity

hH

Crevip W ' C

Means | 285;9 '295.0 299.2
1 - 9.1 13.3
2 . 4.2

P'
p:

.05 43.6524;5 52.5050%
.01 58.3050; 66.6997*%*
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APPENDIX D

NEWMAN-KEULS COMPARISON TEST

FOR INTERACTION EFFECT

LEGEND FOR TABLES IN APPENDIX D

C - Contxol Group; Trial 1
H2 - Non Weight-Trained Hockey Group; Trial 2
W3 - Weight-Trained Hockey Group; Trial 3 - .

>

93



Q /.

"TABLE 42 -

NEWMAN-KEULS MEAN COAPARISON TEST FOR .HZHmmboeHoz EFFECT IN viow K

-,
N, -

s

70

V

Jroup Cy Cs C, - Hy Wy W W, H, H,
H :
Mear 1200 1214 1278 1339 135 1505 1526 .. 1552 1585
1 - 79 ©139% 154% 305% % 326% .1352%%  385%x
2 - 6. 125% 140% 291%%  312%x 338%%.  371xx
K . S 76 227%% 248%% 274K 307HK
4 . - 15 166% % 187%% RL3x*  246%%
) - 151%x 172%x 198%x  231%%
‘ q - v o2 47 80
7 - 26 59
8 - 33
po= .05 92.1; 110.7; 121.3; 129.6; 135.4; 140.3;  144.6; 148.1
D= 01122045 13903 149.45 156.9; 162.5; 167.0; 170.9, 174.5



TABLE 43

B , SEWAAN-KEULS MEAN CQOMPARISON TEST FOR INTERACTION EFFECT IN MVO, (1it/min)
Sroup c, Cy C, Hy Wy Wy Wy H, H,
. . 3.431 3.479 3.691 3.821 3.858 4.285 4. 34 4.413 4.512
R - .048 .26 . 39% L427% .854,%% L913%* .982%%  1,018%*
. < . .
. ) - 212 342% .379% .806** .865%% L934%%  1,033%
. - :
3 \ - 130 167 SO4%K . 653%% 700%% 821«
. : \ - .037. WAIAL L 523%% . 592% % 691 %¥
¢ CLs \ - L2THE4BE¥K 555%  654%
: £ - .059 .128 .227
, ¢ 3
7 - .069 .168
2 - .099
po= .05 0.255; 0.307; 0.3%7; 0.359; 0.375; 0.389; 0.401; 0.411 L,
p= .01 0.339; '0.386:; 0.414; 0.474; 0.484

F0.435;5 0 0.450;5  0.463;
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: TABLE 44 =~ . .
NEWAAN-KEULS “EAN CTMPARISON TEST FOR INTERACTION EFFECT IN MVO, (ml/kg/min) [
‘ o , a T : ww
;aocm mw om _ mw . .ow _ £H su , .mm, o iw ,.mu

. Sy

e | e le47.43 0 49.67 5012 5153 57.37 58112 58.39 . 59:32-

L34% 11.18%% 11,93« 12.,20%%  13,13%%

I\
I~
N
Fa
[0

3.93

\h

L

S - z,24 S69 4010 TO.94%% 10.69%%  10.96x%  11.89%% .
) . A

; ” : - L5 1.86 770 8, 45%% 8.72%% " Q.65%X

- Co- 142 7.25%¥ 8.00%* 8.27%% 9.20%¥

’ A . | | - 5.34%%  6.50%%  6.86%% 770K

R ¢ .

. | ) B 75 1.02 . 1.95

L4}

2
'R}
IS ZLET; s L dE 406l 40825 99 50145 227
D1 40350 495, 5.3l 5,580 S.720 S.%45 2.0 nlll



97

NEWMAN-KEULS MF AN

o " TABLE 45

COMPAKISON TEST FOR INTERACTION EFFECT

IN ARM STRENGTH

c “H

uwomt ; nu SH om . 3 ) 1 ém :m. mw iu
Fd .

Mean | : 740.9 794 .5 795.8. © 819.1  851.7 883.3 933.3 970.3 1046
, ‘ > - 53.6 4.9 . 7827 . 110.8% 142 4%%  19D.4%%  229.4%%  305.1%x
2 ) . 1.3 24.6 57.2 ' 88.8 138.8%%  175.8% 251 5%x
3 L = 23.3 55.9 87.5 137.5%%  174.5%%  250,2%%

3 : ) .
c 4 g . 32.6 64.2 114.2%%  151,2%%  226.9%x
T . : - 31.6 8.6 118.6% 194, 3%
e , ¢ . } o - 50 87* 162,7%%
7 , g ' - 37 112, 7%
g . . ‘ - 75.7%
- \ el R

L= .05 79.3; 83.3; 91.6; 97.5;
C =01 92.13194.3;112.4;118.1;

14. - =

101.9; 105.6; 108.8; 111.5 .
122.3;°125.7; 128.6; 131.3 ‘
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NEWMAN-YEULS MEAN © MPARISON

TABLE 76

TEST FOR INTERACTION EFFECT IN STRENGTH INDEX

W C

| . 1 W ., Hy c, Hy H, Wy
/f >
“ean 6. 2696 2758 277 2833 2838 2974 2992 3095
BRES - 71, 136 175 211 216% 352%% 370%% 47 3% %
B \\\\Q ,
P R W .
et T - 62 101 137 142 278%x 296% % 399%
S - 39 75 80 216% 234% 337%%
Lo o - 36 41 177 195° 298%*
N ‘
b - ) - 5 141 159 262%%
- 136 154 257**
8 - 18 121
2 - ' 103
b= 05 1AMy 19203 199005 401.7; 210.8; 218.4; 225.0; 230.6
po= ol L9055 216,60 D0 ey 244,25 D095 260.0; 266.0; 271.6
S :



gq

TABLE 47

-

ﬂgmt,v;zl.xmdhm '[EAN COMPARISON TEST FOR INTERACTION IN BACK STRENGTH

Sroap Wy Hy H, W, Cy C, H,, Wy O
‘lean 365.3 390 395 397 402.8 412.8 414.3 421.3 422.8.
1 - 24.7 29.7 - 21,7 37.5 47.5% 49% 56% 57, 5%%
2 - 5 7 12.8 22.8 24.3 . 31.3 32.8
3. - 2 7.8 17.8 19.3 26.3 27.8
. , - 5.8 15.8 17.3 1 24.3 25.8
»
. - 10 11.5 18.5 20
) <
- v . - H.W m.m HO
SN
y ]
" / - L7 8.5
/
) . 1.5
DT U0% 28, huhi 3705 40025 42.05 43.65 44.9; 46.0 ‘
o= ol 3805 w35 4604 4B.75 50.4; 51.9; ww.f. 54.2



TABLE 4%

NEWMAN-KEULS “MEAN COMPARISON TEST FOR INTERACTION EFFECT IN LEG STRENGTH

ot W, W cy c, Cy Hy H, W H,
fear - ,@mp.q. 952 1017 1038 1060 1065 1066 Howq. 1104
- 1 ‘- 20. 3 95.3 116.3 138, 3% 143.3% % 144.3%  165.3%% 182 3%»
. : - | 65 86 108 113 114 135% 152
a0 - 2 43 _um 49 .. qm ‘mq
. , - 22 27 28 49 66
: - 5 6 27 44
C i B 22 39
; \ - 21 38
. 3 | . ) - 17
PoT 0% B465 107.65 118.4; 126.0; 131.7: 134.5; 140.6; HNN.H
Fo= .01 119,05 135.5; 145, 3,

152.6; 158.0; 162.4; 166.2; 169.7



P CTABLE w0 - ’

NEWYN-HE LD Nmﬁha,ﬂqswwn@z TEST FOR Mzawm>oﬁwoz EFFECT IN LEFT GRIP

. . ’

denr S T 1190k 120.1 12004 122.1 ¥ 1230 125.3 . 126.6 128
: - 15 o 2.3 40 5.0 22 85 9.9x
- s 8 . 2.5 - 3.5 5.7 7.9 | 8.4
, -3 2o 3.0 5.2° 6.5 7.9%
. | - S o7 4.9 6.2 7.6%
- ; A - 1.0 3.2 4.5 5.9
V . - 2.2 3.5 | 4.9

) a3 fL81 3% K80 70115 7.36; 7.5G: 7.77
CLoordes TL3l TU840 204 8.53; 2,773 2,97 919
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TABLE 50

HEWAAN-KEULS MEAN COMPARISON TEST FOR INTERACTION EFFECT IN RIGHT GRIP
Group mu mm ow om ow £m mH iw iH
Mean 120.3 120.3 1241 1245 124.7  127.3 128 130.4 132.5
‘ 1 - 0 3.8 4.2 b 7.0% F1001%% 12 1%
\ .
2 - 3.8 4.2 bt 7.0% 7.7% 0 10.1%% 12, 2%
o

3 - 4 .6 3.2 3.9 6.3 B
; . 2 2.8 3.5 5.9 8.0
5 - 2.6 3.3 57 7.8k
6 - 7 3.1 5.2
7 ‘ - 2.4 45
8 - 2.1

g

.05

4.665°5.60; 6.16; 6.55; 6.85; 7.10; 7.31; 7.49

.01 6.19; 7.05; 7.56: 7.94; 8.22; 8.45; 8.64; 8.83
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TABLE 51 *
NEWMAN-KEULS MEAN COMPARISON TEST FOR INTERACTION EFFECT IN CHIN UPS

Sroup . Cy C, Wy o H, . C, Hy oW, o W,

‘fean . , 9812 10.09 - 10.23 11,57 10.59 10,67 11.67 - ,Hm.wo Hw.mu‘
1 3 .278 418 758 .778 .858 1.858% 2. 588%x 3 718%x

. A : : , ’ I
2 - J14 148 500 .58 1.58% 2.31%% 9 44k
3 | S Vi 36 4 1.4 2. 17%% 3.30%%
4 | - .02 .10 1.10 1.83**  2,96%%
5 | | | ] .08 H»om | 1.81%x _ 2.94%%
6 - . - 1.00 1734 2.86% .
T . . | - .73 1.86%%
2 | . L
a p = .05 1.03; 1.24; 1.27; 1.46; 1.52; 1.58; 1.63; 1.67 .1. T k . -
p=.21 1.38; 1

.57; 1.68; 1.77; 1.83; 1.88; 1.92; 1.96 . ’
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e

TABLE 52

NEW(AN-KEULS “EAN. COMPARISON TEST FOR INTERACTION EFFECT IN SHOULDER DIPS

B X £
Group : OH : mH £H om ou im mu mm - aiu
“fean -, 19.28  20.77 20,93 21.37  21.81  22.40 & 23.10 23.63 26.90
, — :
1 - 1.49 1.65 2.09 2.53 3.12%  3.82%%  4.35%  7,62%x
2 - s 60 1.04  1.63 2.33 2.86 6.13%%
3 - by .88 1.47 2.17 2.7 5.97%*
Sy .
- : ¢ o
. . by 1.03 1.73 2.26 5.53%%
S - .59 1.29 1.82 5.09%%
6 - 7 1.23 L 4.50%x
7 ™ © - .53 3.80%%
8, : \ - 3. 27%¢
= .05 2.03; 2.44; 2.68; 2.85; 2.98; 3.09; 3.18; 3.26 <
= .01 2.69; 3.07; 3.29; 3.46; 3.58; 3.68; 3.79; 3.84



105

NEWMAN-KEULS MEAN COMPARISON TEST FOR INTERACTION EFFECT IN <Hﬂ>h‘o>w>oﬁew

TABLE 53

LN

W

"3

;‘
gl

W

. W, Wy o c, Hy c, H, H,
Hean \ 282.8 287. 3 817 290.9 295 297.9 Amoo.p, 299.8 300
,. 1 - 4.2 4.0 8.1 12.2%%  15.1%%  16,3%%  17xx 17, 2%x
z - 4 3.6 7.7% 10,64 11.8%x% _E_.;w** 12.7%%
3 - 3.2 7.3%  10.2%%  11.4% 2% 12.3%x
. . 4.1 7.0% 8. 2% 8.9% 9.1%
5 . - 2.9 4.1 4.8 5
6 . - r 12" 19 2.1
; 7 - ' .7 0.9
8 . 0.2
b= .05 5.5%; 6.66; 7.7, 7.80; 8.15; m..g 8.70; 8.92 ]
p= .01 7.37; 8.39; 9.00; 9.45; 9.78;10.06;10.29;10.51



APPENDIX E

TABLE OF MEANS
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TABLE 54
MEANS FOR PWCl7O‘
‘ T h
’I‘l 5 'I‘3 Group Means
Control Group 1200 1214 1287 1230
Hockey Group - *1339 1552 1585 1490
Weight Group ‘1354 1526 1505 1460
Trial Means 1300 1430 1460 )
v
TABLE 55
MEANS FOR MVO,, (1liters/min)
T T T Group Means
Control Group " 3.43 3.48 3.69 353
Hockey Group 3.82 4.41 4.51 424,
Weight Group . 3.86 . 4.34 4.29 416
‘ [ . . ]
Trial Means 3.70 4.07 4.16




MEANS FOR MVO, (ml/kg/min)

TABLE 56

Group Means

R 2 3
Control Group 46.19 4743 50.12  47.91
)
~ Hockey Group 49.67 58.12 .59. 3; -. 55.70
Weight Group 51.53 58.39  57.37 | ,55.76'
Trial Means . 49.13 54.65 5'560 .
TABLE 57
MEANS FOR ARM STRENGTH :
T1 T2 'TB Grbup Mgans
Control ‘Group ’7‘40.9 ’7.95'.'.8‘-. .: 819.1 -, | E 785.3
.Hocxe‘y Group 851.7 . 933.3 970.3 *. . P18.4
N . . 7945  883.3 104.6 907.9 p
—T:'f j , 795.7 870.8 945.1

108



MFANS FOR STRENGTH TNDEX

TABLE 58 -

109

Tl T2 ’ T3 Group Meéns
Control Group 2606 2797 | 2838 -2777_
Hockey Group .2833 2992 2974 2933
Weight gfoup 2622 2758 3095 2825
Tr;al Means 2717 2849 2969

TABLE 59
MEANS FOR BACK‘STRENGTH, ,

T, T, 1, Gfoup Mgané
Control Group 402.8 412.8 - 422.8 -412f8
vHockey Group 390.0 . 4414.3 395.0 399.8
Yelght Group 365.3 .397.0 421.3 394.5 ‘
Trial Means 386.0  408.0  413.0




TABLE 60
. MEANS FOR LEG STRENGTH

110

Group Means

1 2 3

Control Group 1017 1038 1060 1038

Hockey Group 1065 1104 1066 - 1078
’Weight Group 9217 9520 1087 987
_ Trial Means 1001 1031 1071

TABLE 61
MEANS FOR LEFT GRIP STRENGTH
pdi
?“1 ' T2. T3 Group Means
Control Group 119.§ 120.4 118.1 119.4
N .

Hockey Group 126.6 120.1 122.1 122.9

Weight Group 128.0 123.1 125.3 1125.5

Trial Means 124.7 121.2 121.8
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TABLE 62
MEANS FOR RIGHT GRIP STRENGTH

9

»Tl - Tg T3 ‘ Group Me.ans
: Control Group . 124.1 1245 J '1;;.7' 1244 |
Hockey Group 128.0 . 120.3 1;0.3 . "12239
Weight Group ‘132.5 127.3 130.4 ©130.1
Trial Means | 158.2 124.0 125.1  *
, o
TABLE 63 j“"

MEANS FOR CHIN URS

T T T _ Group Means

1 2 3
Control Group- = - 9.81 10.09 10.59 - 10.16
Hockey Group 10.67 - 10.57 12.40  11.21
. o/
Weight Group 10.23 11.67 13.53 11.81

" Trial Meanc . 10.24 10.78 12.17
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!

TABLE 64
MEANS FOR BSHOULDER DIPS

T1 A T2 ‘ T3 - Group Means
Control Group 19.28 21.37 21.81 20.82
Hockey Group 20.77 23.63 . 23.10 22,50
Weight Group 20.93  22.40 26.90 © 23.41 :
y .
Trial Means 20.33 22.47 23.94
 TABLE 65

MEANS FOR VITAL CAPACITY

®

R 4

Weight Group

T1  . . T2' T3 | Group:Megns
v,Control Group . 296.9 : 299.1 - 295.0 | " 295.0
Hockey Group 297.9 299.8 . éOO.Q | .299.2
2828 2873 . 287.7 j 285.9

‘Trial Means

©290.5 2?5.4 294.2




APPENDIX F

PERFORMANCE - FITNESS CORRELATION
" MATRIXES

113
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o - . TABLE 66

© FITNESS - PERFORMANCE CORRELATION MATRIX - Junior Team . xu\\
Variable vsowqo ,\EON | T ,w,\om‘ , . - Arm .mﬁdm:mdw ) mﬁ.msm; moam . ’ wml.oﬁwmbom
(1it/min) - (ml/kg/min) . Index Index Weight Score
1 S 3 oG 5 6 7
1 S o.owm* | 0.776% - o.Wm@ | 0.562% . o.mom* . 0.203
2 . - | 0.760,  0.179 0.575% 0.683* . 0.204
3 . - | 0.25¢ - 0.355 oJoom‘, 0.024
4 o | | o . 07T 0.006 0.218
5 . ' | | 4 - | - . - 0472 0,238
K , | - o - ©0.109

p= .05 .514
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- TABLE wq
FITNESS - PERFORMANCE CORRELATION MATRIX - Senior Team \
.Aa‘mammwm Hui‘o.zo. o, | MVO,, . ~ Arm Strength | Body ~ Performance
(1it/min) (ml/kg/min) Strength o Index . Weight Score
1 2 3 4 s 6 7
-» . -
- 5. 806% L 0.725% 0.349 0.464 0.496 0.132 .
- 0.902% 0.271 0.226 0.574% 0.047 =
3 - 0.233 0.104 0.168 0.226
~— . 4 - T 0,345 - 0.125 0.143

5 . - 0.316 0.006
6 : - ' 0.552%

7 -

.05 0.532 . ,
) 0

p

-



