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Abstract 

The purpose was to establlsh th liability 

and objectivity of ·a cycle ergometer naerobic 

endurance for iee hockey players. 

ot si.x 15 second repetitions with an exercise to 
l 

recovery ratio of 1: 1. The subjeets (n=46 males) wer.e, __ 

varsity hockey players (n=17), junior varsity hockey 
4 

players (n=14) and physical education students (n=lS). 

All subjects performed the cycle ergometer test, while 

the two hockey groups also perfomed an on-ice fitness 

test. Correlation co~fficients of r=-0.87 (p<.OOl) 

for peak power/kg on the l~boratory test and speed" 
.. 

index on the ice test and r=-0.78 (P<.001) for total 

power/kg on the laboratory test and total time on the 

lce test provided support for the establishment of 

criterion related validlty. The test discr iminated 

among vàrsity,' junior varsity and non-varsity level 

players ~ peak power/kg and total power/kg as 

predictor variables. Intraclass correlation 

coeff icients of 0.93 and 0.99 attested ,ta the 

reliability and objectivity of the test. It was 

concluded that the intermitte'nt cycle ergometer test 

_'_ .1s a valid, reliable and objective measurement of the 

anaerobie endurance of lee hockey players • 
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Rêsumé 

Le but de cet te ~tude 'tait d'établir la,'.l( 

validité, la fiabilit-é et l'objectivite d'un test de 
-, . 

laboratoire visant à déterminer l'endurance anaérobie 

au hockey. Ç'e test consistait en 6 ser ies d' exercise 

realisées sbr bicyclette ergométr ique d'une durfie de ... 
15 secondes chacune et intercallées, de 15 secondes de 

, 
repos. Quelques 46 joueurs de hockey universitaires 

seniors et juniors et des etudiants en education 

physique ont participé à l'étude. Les joueurs ,des 

cieux groupes ont 'étê soumis a un test d'endurance 
(Jo 

anaero.bie sur glace de Reed ainsi qU"4\.t < test' ,en 

"laboratoire. Des coefficients de correlation de -0.87 

(p<.OOl) et de -0.78 ont été obtenu entre la puissance 

maximale/kg en laboratoire et l'index de vitesse de 

Reed et la puissance totale/kg mesuree en,'laboratoire 
, 

et la durée totale sur glace respectivement et ont 

te: v~ à 
établir la validité du test en laboratoi re. 

8- test a permis de distinguer avec precision les 

ueurs des ligues junior et senior à partir des 

critères de puissance maximale/kg et de puissance 

totale/kg. Des coeff icients de 0.93 et 0.99 ont et' 

calculés pour les corrélations et ont servi l établir 
/ 

la fiabilit6 et l"objectivité du test. 
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Chapter l 

In t rodu_Q..ti-on 

is a spore--- in which canada 

1 

ha,,· 

oonsistently been a wor Id power since i ts inc~ption in 

1885, at JotcGill University, Montreal (Orlick, 1943). Yet in 

the làst ten years the Eastern European countr ies, notably ~ , a 

the Soviet tJnion and Czechoslovakia, have successfully 

implemented scientific principles of traininq and..,.systems 

of play, that have assisted them to become world champions. 

Canadian experts have studied these innovative nations in 

an attempt to regain world supremacy at both amateur and... ' 

_._~fessional f levels. 'An essent ial 'aspect of this 

scientific approach is 

parameters relevant to 

-
evaluation 

the game 

of' ,arlous 

of hoçkey. 

fitness, 

Testing 

provides feedback to coaches which helps them assess and 

refine their training prC?,~rams ~ _'_' __ 

For coaches and athletes to benefit from a test, it 

should be valid,' reli4ble and objective,. When 'these 

eriter ia' havé been established, fitness norms and athletic 

profiles can be. compiH!d for later reference. Coaches can 

subsequently consult this data base to ascertain the 

poten'tial of th~ir athletes •. Specificity theory suggests 
_\ ';-. 

l:hat a test must simulate the actual- competitive activi ty, 
, .. 

in terms of its frequency, intensity and duration. It has 

,been' demonstrated. that the movements involved in a 
. , 

performance t,st should lIlimick the kinetic patterns of the 

activi ty (Benriksson_" 1981l. The abili ty to r.Q.p on a 

" --
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treadmill_ tells the physiologist and coaeh very little 

about the potential talents of swimmers, due to thEL 

specifie nature of treadmill running, yet this evaluation 

can provide valuable . information about various 

physiological characterisElcs of runners. The validity, 

rellability and objectivity of a test, no matter how 

sophistieated, must be well documented to be accepted by 

the scieatitic community. Once this has been aCfomplished, 

coaches have a tool at their disposal to gauge the 

deve10pment and progression of their athletes. 

IJl Nature and Scope of the problem 

The nature of the game of hockey is characterized by 

'shi:f-ts' -whieh require repeated short ,. qursts of intense 

skating. Between shifts, there is a period of passive 

recovery on the bench. Severa1 researchers have examined . 
the time -motion characteristics of iee hockey at various 

abi1ity levels (Thoden and Jett', 
\\ 

1975; Green et al., 

1976; Montgomery and Vartzbedian, 1977). 

Thoden and Jett6 (1975) timed the activity patterns 

of three major junior games and one professional game. 

Their results indicated that a typical shift (approximately 

~O-80 seconds in duration) consisted of several short 

bursts of maximal ef(ort lasting from 2 - 3.5 seconds in 
,! 

duration. They noted that ~ player can expect to have 5 -

7 bursts per shift and from 15 - 18 shifts per game • 

. Bet" •• n bursts a player vas gliding into position, in 

\ 
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-preparation for the next explosive burst. The authors 

.noted that the "major junior" players wer& more 

anaerobically active than the professionals. This result 

must be regarded with caution as the data are for one team, 

participating in one game. 

Thoden and Jettê (1975) recommended, based on their 

observations, that a test to evaluate the 'physical 

capaci ty to play hockey,' should include the following 

concepts: 

1) maximal performances of the anaerobic type. 

2) work bouts long enough to tax the anaerobic mechanism 

( i. e. 10 seconds or longer). 

3) repetitions which represent as Many bursts a player can 

expect to have on a shift (6 - .10). 

4) 10 - 12 seconds of recovery time between work bouts. 

S) an assessment of physical capacity in terms of ones 

ability to perform the final repeats at the same level of 

performance- as the' first trial. 

These criteria provide the framework for a new laboratory 

test. 
\ 

Green et al. (1976), studied the cont r ibution of the 

anaerobic system versus _the aerobic system in the game of 

hockey_ These researchers timed the play of eight 

u9iversity forwards and defensemen. As expected, the 

defensemen demons~rated longer playing time ~dr shift and 

for the total game, with less recovery time between shifts. 

Forwards did more . anaerobic work~than defensemen • 
~, 

Defensemen required a greater emphasis on the aerobic 

. , - . 
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system while on the ice. Both positions required a sound 

aerobic base to aid recovery whi1e'sitting passive1y on the 

bench. The extensive use of the anaerobic system 

throughout a shift necessitates testing of the player's 

anaerobic endurance. 

Montgomery and Vartzbedian (1977) studied the play 

characteristicà of "old timer" hockey games. 
j 

Compared to 

the previous studies, the "old timers" stayed on the ice 

much longer per shift than junior, co1lege and 

professiona1s, 139.1 seconds to 85 seconds (Green et al., 
o 

1976) and 68 - 74 seconds (Thoden and Jetté, ~975). 

The characteristics of play dictate the need for a~ 

high anaerobic fitness level with a good aerobic base. The 

physio10gical demands of ice hockey have been w~ 

documented by several researchers (Green, 1979; Green and j • 

Houston, 1975; Green et al., 1976;. Hansen and Reed, 

1979; Hockey and Howes, 1979; Houston and Green, 1976; 

Jetté, -1977: Marcotte and Hermiston, 1975; Montgomery, 

~979; Montgomery, 1982: Montgomery and Brayne, 1984; 
, 

Montgomery and Dal1aire, 1986; Paterson, 1979: Ramet et 

al., 1978; Seliger et al., 1972: Wilson and Hedberg, 

t976). These investigations support the importance of we11 

developed anaerobic and aerobic sy~tems when playing hockey 

at a high level. Laboratory evaluations of hockey player~ 

should examine both of ttiese systems. 

. ' 
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1.2~ignifieance of the Study 

'Fitness assessment is an essential part of a coaed' ... ~ . 
annual training program (Bompa, 1983) •. The 'evaluation 

p~otoeol should employ a valid test whieh examines the 

specifie fitness eomponents of the sport. The test must 

also be reproducible by other evaluators thus retaining its 

objeetivity. Daub et al. (1983), Leger et al. (1979), and 

Montgomery and Brayne (1984) have compared laboratory tests 
. 

and on-ice tests to determine if selected laboratory tests 

measured the intended fitness parameters. These authors 

were also interested in finding out whether the laboratory~ 

tests could distinguish among ability levels in the same 

manner that an on-ice performance test could. 

Montgomery and Brayne (1984) examined the 

relationship amonq -- several on-ice tests compared to 

laboratoty tests of hockey fit ness • The subjects were 31 

varsity and junior varsity players, with a Mean age of 20.5 

years. One of- their results showed low correlations 

between similar fitness components of an anaerobic 

laboratory test and the University of ·Qttawa hockey fitness 

test tan anaerobic ice test). The laboratory tests were 

two commonly used,protocols exam!ning anaerobic fitness. 

The first laboratory' test was the Wingate cycle ergometer 

test, which is a m~ximal 30 second sprint on a eycle 

ergometer (Aya1on et al., 1975). The second laboratory 

test was a run until volitional exhaustion ,on a treadmill 

ti1ted to a 20 percent grade and moving at '8 miles- per hour 

, -~'1~~l~' 

., 
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(Cunningham and Faulkner, 1969). Both of these tests are --~ln91e effort exercise bouts qivinq no indication of the 

recovery pattern of the athlete. In hockey, it is 

important to be able to repeatedly demonstrate high speed 
) 

outputs. Sipgle effort tests will not differentiate between 

the ability of two hockey players to recover quickly and 

perform at a hiqh level~n subsequent trials. 

This study examines a new laboratory test of 

anaerobic endurance which is designed to simulate the 

demands placed on the elite hockey player. Since the test 

requires repeated efforts at hiqh intensity, it May be a 

mare appropriate protocol for the evalyation of elite~ 

hockey players than protocols presently available to the 

exercise physiologiste If the validity, reliability, and 

objectivity of the modified test can be . estab.lished, then 

hockey coaches will h;ve a laboratory test that has 

meaningful application in predictinq on-ice fitness 

performance. 

1.3 Statement of the Problem 

The objective of this !study is to establish _the 

validity, reliability, and objectivity of a laboratory test 

of anaero~c endurance of hockey players. The 

seek to test the following hypotheses: 

1) A statistically significant correlation will exist 
,... ...... ,,~ . 

between the speed index of the 

hockey test and peak power/kg .-
University of Ot.tawa. iee 

output of t;he'/ laboratory 
" 

.. 
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cycle ergometer test. 
q 

2) A statistically significant correlation will exist 

between total power/kg output on the cycle ergometer and 

the total,time required to complete six repetltions on the 
. 

University of Ottawa ice hockey fitness test. 
, 

3) The laboratory test will disèriminate ' between subjects 

of three levels of hockey ability (varsity, junior-varsity 

~nd non-varsity). 
"'\ 

4) A statistically significant, positive correlation will 

be found between test-retest scores of the laboratory test 

of anaero~ic fitness. 

5) A statistic~lly, significant correlation will be found~ 

between test results of two investigators •. 

The firpt and second hypotheses will test criterion 

related validity while the third hypothesis will test 

construct validity. 

fourth 'hypothesis: 

final hypothesis. 

\-

Reliability wifl 

Objectivity wi~l 

1.4 Op~rational Definitions 

be verifte'd in the 

be examined ln the 

;1 

;( 

'l 
• 1) Total anaerobic po~~r: The total power output 4urin9 an 

, 
intermittent (6 x 15 Isecond) '90 second supramaximal cycle -----.. 
ergometer test • 

2) 
.> 

Peak anaeroblc power: The highest 15 second power output 

measl,lred during the 90 second cycle ergometer test. 
.,' 

\ 
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3) Speed index: The time required to skate one length of 

the ice (54.9m) on the first repetition of the University 

of Ottawa hockey fitness ,test. 

4) Anaerooic endurance ind~x (or 'total time'): The total 

time required to complete six repetitions (91.4m distance 

for each repetition) DÎ the University Gf Ottawa fitness 

test. 

5) Construct validity: is cQncerned with the- extent to 

which a particu1ar measure relates to other measures 

consistent witp theoretica11y derived hypotheses.concernin9~ 
.. 

the concepts (o~ constructs) that are be~ng measured 

(carmines and Zeller, 1984). 

6) Criterion related validity: compares 'test or scale 

scores with one Ç,or more external~ variables,- or critez::ia, 

known or believed to measure the attribute under study 

(Kerlinger, 1964). 

7) Reliability: the extent to which a test or 

procedure yields the same results on ,repeated 
\.. 

(Carmines and Zeller, 1984). 

8) Objectivity: an estimation of inter-rater~'..;,reliability 

(Baumgartner and Jackson, 1975). 
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1.5 Delimitations 

1) The subjects in the study were male students who were: 

Il vars~ty hockey players 2) junior varsity hockey players 

~.) Physi,cal educ~;~on S? " 
7) The subjects ranged from 18 to 25 years of age. 

Generalizations and conclusions could only be made 
\,. 

concerning the cycle ergometer and on-ice test used in this 

study. 

1:0 Limitations 

1) The ice condition 

ail SUbjeC~ . 

... 
may not have been exactly the sarne for 
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Chapter II 

Review of the Lite,atu~ 

The review of the literature is, ~ivided into five 
" 

sections: 

2.1 Nature of the Game of Ice Hockey 

- -- 2.2 Energy Source Utilization 
, 

" 2.3 Speeifieity of Testing 

2.4 Anaerobie Testing in the Laboratory 
0 

2.5 Anaerobie Testing on the Ide 
, . , 

2.6 Summary 

2.;1 Nature of the Game of Ice .Bo'ckey 

Thoden & Jett' (1975) monitored three major junior 

level hockey gam~s and one professional hockey game in an 

'attempt to determine the proportion of time spent in 

az:taerobic or bursting aeti vi ty, coasting or recover ing, aI!d 

time spent on the bench. Their results indicated that the 
; 

average player wa~ on the ice for 75 to 90 seconds per 

shift. Eaeh shift consisted of 5 to 7 bursts with eaeh 

burst lasting 2 to 3.5 seconds for a total of 15 ?to 20 

seconds of bursting per shift. Eaeh player was on the iee 

for 5 to 6 shifts ~er period for a total time ~f 5 to 7 

minutes. The time 'between shifts was 3 to 4 minutes, the 

total playing time per game was 15 to 21 minutes with 4 ta 

. 6 minutes of that being anaerobic bursting • 

In a time motion stùdy', Green et al. (1976) found 

:"'.,... 'o •• t •••• _ 

~ .... - ; .... , , 
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av. rage plàying time per game was 24.5 mi,nutes. 

time was broken ùown' into 17.4'shifts W\th an 
, 

average of 85.4 seconds o! playing time per shift. There 

were two to three play stoppages per shift with each 

stoppage lasting 27.1 seconds with 39.7 seconds of playing 

time between each stoppage. The average time spent on the 

bench between shifts was 225 seconds. The average velocity 

per shift was 227 meters per minute. The average heart 

rate during a shift was 173 beats per minute. Based on 

time 'stoppages per shift, and playing time per shift, the 

ratio of work to recQvery was approximately 1:3. 

Green et al. (1976) quantified the difference in t~me~ 

motion characteristics between f~ward. and defenseman. 

The defensemen p1ayed longer than the forwards (21.2') 

which~as due to a greater number of shifts (+26.1') and-a' 

much short~r recovery period (-37.1'). For the defensemen 
,,' 

the shifts ~ere shorter" in duration (-7.4~), shorter in 

~ontinuous p1aying time (-10.1'), and longer in the time 

" taken to resume play (+12.9')t;" The defensemen averaged 

61.6' of the ve10city of the forwards per shift. The 

- de~ensemen a1so averaged 10 to '15 beats per minute lower 

m!art rates per shift (Green et al., 1976).' 

A later J'rstudy by Green et al. ( 1978a.) revealed 

similar 
~ 

time motion characteristics. In this study the 

âverage 
\ 

minutes) player ~kated 7 percent ' 1ess (22.8 than 
,t> 

, ,', - J 

the study in 1976 (Brayne, 1985) •. Each p1ayer had 25 . ' 
percent more shifts (21.7) but 26 percent less playing time 

"t 

(63.6 seconds) per shift (Brayne, 1985). The playing time 
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between stoppages (29.1 seconds) was 27 percent 1ess than 

the earlier study (Brayne, 1985). The time of each play 

stoppage (29.8 seconds) increased by 10 percent (Brayne, 

1985). The recovery"time between shifts was 13 percent­

greater (254 seconds) than the ')19,?~<,4H:UPy (Brayne, 1985). 

Green (1979) summar~ad that optimal performance in hockey 

'depende~ upon the interaction between'aerobic and anaerobic 
-

systems with the aerobic system determining the tempo of a 

game. 

2.2 Energy Source Uti1ization 

The physio1ogical demands of ice hockey have been 

examined by many 'researchers (Cunningham et al., 1976~ 

Dulac et al., 1978; Ferguson et al., 1969; Gauthier et al., 

1979; Green, 1979; Green and Houston, 1975; Green et al., 

1976; Bansen and Reed, 1979; Hockey and Howes, 1979; 

Houston and Gr-een, 1976'; Jetté, 1977; Léger et al., 1979; 

MacNab, 1979; Marcotte and Hermiston, 1975; Minkoff, 1982; 

Montgomery, 1919; Montgomery, 1982; Montgomery and Brayne, 

1984; Montgomery and Dallaire, 1986; Paterson, 1979; Remet 

et al., 1978;.Rusco et al., 1978; Se1iger et al., ~972; 

Smith et al., 1982; Vainikka et al., , 1982; Wilson and 

Redberg, 1976). Based on the data frem these studies, it 

appears that hockey players have ". an average maximum oxygen 
"---uptake between 50-60 ml/kg·min. The values range as low as 

~ j. 42.3 ml/kg·min for N.B.L. players tested in pre-season to 

'\ ~ as high as 62.4 ml/kg-min for Eastern European countries 
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tested during mid-season (Enos -et al. 1976). It seelfis 

tqat hockey players are fairly similar in terms 
. 

of max VO .. 

(Cüftftingham et al., 1976J~- The aerobic power ~ax VOA) 

does not seem to change significantly d~ring the hockey 

, season (Green and Houston, 1975) 

The adaptation of ~ the aerobic system depends on 

1 intensity, duration, and frequency as weIl as initial . ...,../ 

' .. 
• 

fitness level (Astrand and R04ahl, 1981). During game 

performances, the intensity seems high enough for aerobic .... 
improvement, as shown by heart rates frequently exceeding 

90 percent of maximal predicted heart rate (Houston and 

Green, 1976). The authors explain the lack of aerobic~ 

improvemen,t by emphasizing that these high heart rates are 

not maintained for a long enough period of time . 

Green and Houston's (1975) results showed that the 

largest improvements from pre to post tests occurred in the 

anaerobic systems with the greatest Increments in lactate 

capacity (16.3%). This finding is supported by high 

lactate' values produced during games (Green et al., 

1978a,b~ Luetsolo, 1976). Time cmotion studies have a1so 

shown that,\ :hockey players perform many repeated short 

bursts of maximal anaerobic activity during agame (Thoden 

and Jetté, 1975;' Selfger et al., 1972). Seliger et al. 

(1972) measured '-" the ' oxygen utilization of the 

Czechoslovakian national team during a model training 

,match. Their findings indicated tbat 69 percent of the-' 

energy expended was derived from Anaerobie sources and 31 

percent from aerobie sources. The authors reasoned however 

, -.. 
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ii 
that the deve10pment of the aerobic system was important 50 

""( . 
as to ~pare the anaerobie system ifor the most intensive 

per iods of play. 
l ' 

Green et al: (1978a) investigated the alteration in 

b100d substrates and the depletion pattern of glycogen in 

the fibres of the vastus lateralis muscl~ of five forwards 

and three defense~en, before the game and at the end of 

each periode The periodic acid - Schiff (PAS) metl'tod was 
. 

l,lsed to determine the glyeogen concentration in the muscle 

fibres. The muscle glycogen concentration (MM/kg wet 

weight) from the vastus lateralis was 89.3 ± 13.6 for the 

forwards before the game. The defensemen measured 85.0 ±~ 

3.7 before the~game. Lactate values for the forwards- were 

as follows; 1.42 MM· (pre game), 6.16 MM (after the 1&t­

period), 4.65 MM (after the 2nd period) and 5.63 MM (after 
-

the third period). ~actate values for the defensemen were 

as' follows; 1.76 MM (pre game) 2.92 MM (a,fter the first 

period), 2.77 (after the second period) a'nd 3.12 MM (after 

the thi~~ period). This .study by Green et al. (1978a) 

confirmed the anaerobic nature of the work involved in ice 

hockey. There is a moderate energy contribution from 

91yo01ysis as seen in the venous lactate values sampled at 

the end of each periode 

Green (1978) studied the glycogen depletion patterns 

trom the vascus lateraiis muscle during continuous and 

intermittent exercise consisting of 10 bouts of high 
• intensity work éorresponding to 120' of max VOal Eaoh bout 

eonsisted of one minute of skating f~llowed by a five 

- -
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minute recovery peri'od. The continuous skating was 

pftrf"ormed oat 5-5, of max VOa. for 60 minutes. Muscle 

biopsies were taken prior to the first bout of skating, 

after 30 minutes (5 work bout~) and 60 minutes (10 work 

bouts) • 

During the continuous skating, glycogen deplH-ion was 

29' with a more pronounced 10ss from the type I fibres 

(slow twitch). During the intermittent condition, there 

was a two-fold greater depletion (70'), with a preferential 

loss from type II fibres (fast twitch). Of the two tYges of 

fast twitch fibres (ty~e lIA - fasi t~itch oxidative 

glycolytic, type lIB - fast twitch glycolytic) the greatest~ 

depletion was in the type lIB fibres. Green (1978) 

concluded that glycogen depletion patterns are similar 

to those seen during cycling at similar percèntagea of 

max V<la. 

Gree~ et al. (1978b) investigated the efféct of two 

intercollegiate games back-to-back wlthfn\a 24 hour periode 

During the first game the lactic acid concèntration rose 

from a resting value of 14 mg' (1.56 MM) to 43 mg' (4.78 

MM) by~the end of the first periode The 43, mg' (4.78 MM) 

tended to 'remain 'constant over the final two periods • 

Ther~_ -was no difference response between 
Q 

in lactate 

forwards and defensemen. 
J 

Luetsolo (1976) has shown that the hockey player is 

capable of having high muscle glycogen stores before a 

game. The researcher stated that during a very hard game,­

hockey players can lose almost their entire musole qlycogén 

---
.. 

~" ... ~./.,~ .~~ 
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stores (as much as 40 gm/kg of wet muscle). Muscle 

glycogen is utilized first from slow twitch fibres and only 
'\. ' 

during, strenuous games is it used from the fast twitch t 

,'> 

fibres (Luetsolo 1976). These data are supported by the 

vork of ~r-een-~.,{ 1978) • 

2.3 Specificity of Testing 

If data fromovarious laboratory tests are to be used 

to evaluate the aerobic and anaerobic skating c.apabi~jties· 

of hockey players, these tests must be valide The concept 

of specifieity in testing has 

li terature. 

been examined in the~ 

Roberts and Alspaugh (1972), and Pechar et al. (1974) 

shoved that training for cycling is very specifie. In the 

the first study, the training effects of a running, 

training program vere compared with that"of a eycling 

program. An increase in the physical work capacity of the 

treadmill trained group vas demonstrated when tested on 

bath the trea4mill and cycle ergometêr. In eontrast, the 

bicycle trained group demonstrated an frierease in physical 

vork capacity only when tested on- the cycle ergometer. 

Nhen. tested on the treadmill, no significant. increases 
;..~ 

could be demonstrated. Ro~erts and Alspaqgh (1972) 
<, 

concluded th~t;. training effects of cycling were '!'ore 

apecifiè than those of, running; therefore, a treadmill test 

vas not a valid test for measuring cardio-respiratory 

improvements of cycle trained athletes. 

~ 

- ~ _L~~~ __ --,----------___ , _ ___ --l.!_ 



l' 
~ , 

p ; ~ , 

• 

17 

pechar et al., the specificity of 

cardiorespiratory They measured 
• the max VO. of three groups of subjects on both the cycle 

ergometer and the treadmill, before and after an eight week 

training program. The three ~ndi tions ~ were treadmiÙ 

training, bicycle training and no ... training. For the 

treadmill trained group, the method of evaluation made no 

diff,erence. The training improvements in max VOl were 6.8 

percent when measured on the treadmi Il and 6.9 percent when 

measured on the cycle ergometer. In contrast to this, when 

tested on the treadmill, the cycle trained group 
, 

demonstrated only a 2.6 percent .improvement in max· VOa ' ... / 

Sowever when tested on the cycle ergometer, an improvement 

of 7.8 percent was demonstrated. The authors concluded 

that run training produced a general max V02, improvement 

whereas cycle training produced a specifie training effect. 

Pechar et al. t s ( 1974) finding was not in agreement 

with Glassford et al. (1965), He~marisen and Saltin (1969), 

Sermansen et al. (1970), and Pannier et al. (1980) who aIl 

examined th~ effect of run training on max V~as measured 

by the treadmill and cycle ergometer tests. In the study 

by pannier et al. (1980), the subjects were long distance 

runners 'and a control group of active ath1etes. The 

difference in max Va,. (ml/kg-min) between the ~wo groups 
0, 

was 19.5 percent when measured on the cycle ergometer. 

This difference increased ta 28.8 percent when measured on 

the treadmill. pannier . and associates concluded that the 

difference in physical w6rk capaci ty between runners and 

.. , ...... 

-
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contro1s was underestimated by an 'unspecifie test such as 

cyeling ex-ercise. They stated that in specific1y trained, 

runners the max v~ was 1awer on the cyele ergometer than on 

the treadmill. " 
< 

Perhaps the' run trained sùbjeets in Pechar' s study 

(1974) were not high1y trained runners 1ike those in the 

study by Pannier et'-al. (19'80) (Brayne, 1985). Examination 

af the max VOl. measured on the treadmi1l of bath groups-~ 

revea1ed a max VOl. of 58 ml/kg'min (Pechar et aL, 1974) 

and 71 ml/kgo.m-in (Pannier et al., 1980). In summary, tpe 
,-

more highly trained the athlete the greater is the need for 

specifiel tests af fitness. 

Sw~mming is anotttér sport 

research has been conducted (Gerg1ey 

in 

) 
) 

1'iCh speeificity 

et al., 1984; Ho1mer, 

1972: Holmer et al., 1974: Ho1mer and Astrand, 1972; Magel 

et al., 1975; McArdle et al., 1978 and Reynet t and 

Montgomery, 1982). These 'authors stressed that carefu1 

attention must be giyen to the fitness test administered to 

assess the speci~ic changes in physiol:ogica1 function 
1 

• .. 
resulting fram training. Magel et al. (1975) suggested' 

~hat i t . would Qe reasonable to expect the larges t increase 

• • ln max VO.. when the selecfed· test requi red the use of the 

specifically trained muscle 9roups. Thus changes from a 

swim training program could be detected in a swimming test 

but not from a cycle ergometer test (Reynett and 

Montgomery, 1982). 

Three, studies (Daub et al., 1983; Léger et al., 1979; 

~ontgomery and Brayne, 1984.) have examined the specificity 

: '.. ' • ~":i ~ '" ,........ ../,,1 
, • ~' » 
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of on-ice testing versus làborat6ry testing of hockey 

p1ayers. Oêlùb et al. (1983) found that the adapti ve 

re~pbnse to training May be specifie: to the type of work 

used in training, the type of ergometry used to ,evaluate 

ta:-aining, and the physiolog ical response. 

• similar max VO .. on the al. (l~79) found a 

ice and in the 1aboratory for ten hockey players. ,A1though 

the hockey' players had the same max VO. on the treadmi11 

'and on the ice , they had a lower mechanical eff iciency on 
. 

the treadmill than runners but a higher ef":ieiency on the 

ice. The hockey players required 15% less energy to skate 

at the same spéed as the runners yet needed 7\ more energy .. " 

to run on the treadmi11. The authors concluded that' a 

performance test is more informative than the max ve. score 

to establish the ability of a player to perform Aerobic 

skating. 

Green (1979) found a large difference in skating 
\ 

effieieney, of elite hockey players. Results for three 

subjeets who were characteristic of other elite hockey 

p1ayers were presented. The subject with the lowest max ·vq., 

expended the 1ea~t energy wtieh skating at high velocities.~ . , 

The abi1i ty of this subject to malntain skating intel)si ty 

at high velocities was far superior to the other two 

subjects in spite of their superiority in maximal oxygen 

uptake. Green (1979) con~luded t~at sk~ing efficiency may 

be a more significant indicator of fatiguability than low 

max VO ... 

These findings suggest that for hockey players unlike 

" 

" 

---
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other athle~es, maximal is not the Most 

diSèriminatinq factor of a players' aerobié skating 

--capacity. Because a wide variation of mechanical 

eff iciency is a character.istic of hockey players, this 

factor must" be considered important. 

This argument was illustrated by Ferguson et al. 

(1969)_ Maximal oxygen uptake was measured while skating. 
l' 

The subjects were required to skate around an ova1 at a 

certain speed for a three minute work1oad. The speeds were 

increased every wor~load until the point at which subjects 

cou1d no longer maintain the pace. The subjects carried a 
,-

gas collection apparatus on their backs and the m~imaJ.. ... 

oxygen uptake was measured by gas analysis.· The authors 

noted a wide variability among the subjects in maximal 

oxygen uptake (15\). As aIl subjects we're considered 

trained skaters, it was concluded that considerable 
\ '. " 

differences must have existed in the skill o~ skating. 

If only the max v~ values were examined to make 

judgements conqerning the skating capabilities of these 

hockey players, errors could have been made. For examp~e 

two subjects in that study were both able to complete the 

workload which entailedcskating at a yelocity ,of 443 m/min. 
or'. If. ... 

The max VO,a of one subject was computèd to' be 51. 9 m/kg 'min 

while the",max VO" of the other subject was 64.4 ml/kg-min. 

'l'hus despite large differences in • max V(4 of these two 

,8ubjects, they were both able to complete the same final 
r. 

-workload .. The subject with the lower max VOa, was clearly 

the most efficient skater. This further substantiates the , 

- . . 

--_ .... 
\ 

.. 

.' 
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'r ,1 



~~.. "J 

o 

o 

• 

21 

role of skating efficiency as a confounding variable in the 

analysis of aerobic and anaerobic capacities of hockey 

players. 

La ri v ière et al. (1978) obtained a significant 

correlation of .70 - between the max Va. obtained in the c 

o 

laboratory and ~n ~. eight minute skating test. Tbis 

correlation was only significant when max VO~ was expressed 
.' 

in litres/minute. There was no signifieant correlation 

when max VO~ was expresseq in ml/kg·min (Brayne, 1985). 

Using the max VO~ expressed relative to body weight removes 

the fonfounding variable weight, and renders a sample more 

homogeneous. The more homogeneous the samp1e, the 10werr 
... 

~ the probability of obtaining a significant but irrelevant 

correlation. Since the results of studies examining the 

correlations between laboratory and on-iee tests will be 

utitized by coaches of homogeneous hockey players, care 

must be taken when selecting samples.' The subjects in a 

study must be homogeneous in ~age and abi1ity 1eve1 

(Montgomery and Brayne, 1984). 

Montgomery and Srayne (1984) examined the specificity 
" 

of on-ice versus laboratory tests of hockey, fitness. The 

sQbjects were 31 varsity and junior varsity hockey players 

tested during the middle bf the competitive season (2 = 
20.5 yea.rs of age). Two tests that the researchers were 

interested in comparing; the Wingate cycle ergometer'and 

the University of Ottawa fitness test yielded low 

relationsnips between similar components. The speed index 

(s) was compared w~th peak anaerobic power in absolute 

'. 
, .. ~ .. 

\ 
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terms and in relation to body weight in kilQgrams. These 

,co~risons yielded correlations of -0.42 and -0.25 for the 

varsity and junior varsity, respective1y, for the absolute 

measure of peak ana~robic power. The peak power per kg 

body weight and speed index comparison yielded correlations 

of ~O.42 and -0.61 for the varsity. and junior varsity, 

respectively. Another comparison between total time' 

(anaerobic endurance index) on the- ice (s) and anaerobic 

'capac::ity' per kg body weight evaluated in the 1aboratory 

was made. This rè1ationship was found to be 10w at .08 for 

the varsity group and -.01 for the junior varsity group. 

Montgomery and Brayne (1984) exp1ained the 1ow~ 

relationships by stating that p1ayers with lower anaerobic 

endurance in the Wingate test may be ab.le to overcome this 

weakness by demonstrating superior skating efficiency or 

". better hockey skil1s. Ferguson et al. (1969). have shown 

that individual differences in the efficiency of skating 

May be large even among experienced and hiqhly trained ice 

hockey players. 

2.4 Anaerobie Testing in the Laboratory ." 
The Anaerobie endurance of hockey players has been 

-- measured by spr inting on the treadmill (Green & Houston, 

19751 Houston & Green, 1976; Montgomery and Brayne, 1984) 

and by the Wingate cycle ergometer test (Montgomery, 1982; 

Smith et al., 1982; Montgomery and Brayne, 1984; Montgomery 
, 1 

and Da11aire, 1986). The anaerobic test on the treadmi11 

., , 

" -, 
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entai1s a run--to ekhaustion. The treadmill is pre-set to a 

grade of 20 percent and a speed of 215 meters per minute (8 

mph). The subject is required to run on the treadmill for 

as long as possible. The tota'! run time is recorded as a 

" measure of anaerobic lactate capacity. 

Sorne research h~s indicated that glycogen depletion 

pattern, and muscles used in cycling, are similar to those 

used in skating (Anders6n and Henriksson, 1977: Green et 

al., 1978a,b: Geijse1 , 1979)." A number of "one-shot" 

short term, high intensi ty per formance tests have been 

published, whi-eh predict anaerobic capaci ty and power. The 

wingate anaerobic test with modifications has been refined .. 

to eva1uate anaerobic power and capacity of various 

ath1etic groups (Bar-Or, 1977,1978: Evans and Quinney, 

,,;' 1981; LaVoie et al., 1984; - Montgomery, 1982: Smith et al., 

1982). 

The Wingate "'anaerobic test invo1ves a 30 second 
A' 

, \ 

supramaxima1 ride on' a cycle ergometer. The protocol for 

the Wingate test has been descr ibed by Bouchard et al. 

(1982) • The subject performs a low workload on a modif ied 

-cycle ergometer increasing the peda1 frequency to maximum 

and within 2 - 3 seconds tbe test resistance (based on body 

weight) is applied. The subjects perform at their maximum 

frequency for the 3'0 second test 'periode pedal f requency 

i s recorded and for each of the (6) fi ve s.econd per iods , 

power outputs are computed. Peak power output, mean power 
". 

output, and power decrement are calcu1ated. The two former 

measures are nqrmalized for body weight. 
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Evans and Ouinney (1981) , through a series of 
,." 

regression equations, found the average resistance setting 

to optimize po~er performance to bè 0.096 kp per kg body 

weight. L~Voie\ et al. (1984) used,f the Evans-Oui~ney 

formula and foun~ the optimal setting to be 0.099 kp per kg 

body weight. taVoie quotes unpublished data by Smith in 

which the Evans and Quinney formula was again used, to find -

a s(~tting of 0.094 kp per kg body weight to' be optimal. , 
~' 

These studies aIl employed '"the 30 'second test on 'the- cycle 

ergometer. 

In a recent' study (Gosilin et al., 1985) qllestioned 

whether the Wingate test gives a true representation of .. 

measurements which are considered traditionally to reflect 

alactacid and lactacid components of anaerobic metabo+~$m. 
\ 

Subjects (men' n=9 and women n=5) performéd an exhaustive 

cycle ergometer ride at a power 'output that 'eficited VQa 
, , . . 

max. 'The Mean duration of this test was 4.5 minutes. Peak 

lactate and 0a debt . (fast and slow components) were 

measured. The subj~ects also performed the Wing~ te test. 

AlI data was normalized for body weight. Both peak Jactate 

and O~ debt had low correlations with either peak or Mean 

power 0f the Wingate test. The results failed to support 

the traditional assumptions that both peak and l.1lean power 

of the Wingate test and peak lactate and O.a, debt from a 

cycling test are measur lng the sarne anaerobic energy 

systems. 
1 ' 

Other- anaerobic tests ).nclude a..,60 second (Thomson, 

1981, ThQmson and Garvie, 1981\) and 120 second (Katch and 

, 1 
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Weltman, 1979) cycle ergometer rides. Lactate values 

'obtained dur ing the 60 second test were l:Ielow maximal 

vaiues as reported in the 1itera~ure (Hermansen and Osfies, 

1972i_Kinderman and Keul, 1977). Katch and Weltman (1979) 

reported that the 120 second test involved a considerable 

aerobic contribution during the 1àtter stage of. the test~ 

Simoneau et al. (1983) sugested that a test longer than 60 
" , 

seconds but shorter than 120 seconds in duration,wou1d seem 

appropriate ~for " the eva1uation of anaerobic lactate 

If capacity. Newshoime (1981) ca1culated that' the g1ycogen \ 

9},,~.J..~ 

-te 

.. 
content of the human muscle cou1d provide sufficrent energy 

for about 80 sèconds of sprinting. Katch and Weltmanr 

(1979) observed that power outp~t during a 120 second test 
• 

reached a plateau, after 90 seconds. The authors retained 

the 90 second duration as an indication of anaerobic 

lactate capacity. 
" '", 

2.5 Anaerobie Testing on the Ice 

The University of Ottawa fitness test e~amines the 

p1ayer's ability to 

maximal work bouts. 

recover quickly and perform severai 
é' 

Reed et al. (1979) have demonstrated 
. 

the validity, Eeliability, ilnd objectivity of this test. 

Based upon published ,game' analyses, a repeat spr int 1 

skate (RSS) test was devised by' Reed et al. (1979). The 

test consisted of six repeated bursts,of maximum velocity 

for 91.4 meters (390 feet), performed ~n an interval of 30-
~ 

seëonds, included both work and recovery time (Reed .. ett al., 
,. . " , \ 

-", 1 

\ 
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1979). Validation w~s concentrated on three test scores~ 

(1) drop - off (DO), the maximum difference' between RSS 

times; (2,) heaTt rate recovery (HRR), the difference 

between the initial and final B.R. counts, and (3) the 

percentage heart rate recovery (% HRR) (geed et al., 1979). 

Midget, Junior 

subjects in a 

test-retest 

A, co1legiate and 'IN.B.L.. -players were 
1 

series of studies'which included 48 hour 
t 

and validation of RSS scores • 
.. . ,"""---, .- ' against off-ice tests such as max VOa" peak lactat~, mi~e 

o , 

., 

1 

,~ . ~ ~ ~ 

_~,,~~~.'t.~ ,'.> t! 

run time, modified Margaria stair climb, and max BR 

recovery (Reed et ar.; 1979). The results showed that the 
Ê, "i' 

times for the repeated sprints (12.5 - 21.7 seconds~ n=2~7)~ 

falls within the anaerobic lactate range (Reed et al., 
l 

1979). The mean time of 14.79, (S.D. = 0.8s) set the work 

to recovery at approximately aI: 1 ratio. Test-r~test 

correlations (n=~ for DO, BRR, % BRR were 0.78, 0.68, and 

0.74, respectively (Reed et al~., 1979). Correlations 

between RSS test scores and laboratory test! scores 
c, 

indicated that the drop-off score was more related to 

anaerobic lactate fitness while the HRR is more related to 

Aerobic fitness (Reed et al., 1979). 

> The University of Ottawa hockey fitness test has been 

used to measure both aerobic and anaerobic skating , . 
capacities of hockey players (Montgomery, 1982: Montgomery 

, 

and Btay~e, 1~84; Mont~omeLY and Dallaire, 1986; Smi~h et ~ 

al., 1982). Subjects were 

repetitions of 91. 4 meters at 

required to complete six 

maximal- skating velocity. 

The r.petitions were JO seconds apart whioh included both 
'" 

\ 
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the exercise, and fecover y time. From this test, a spe~-

index, anaerobic ~~durance index, and drop-off index are 

calculated. A reiiability coefficient of .77 has been 

reported for the speed index (Jetté et al., 1975). The 

.'speed index is a measure of the alactate system and the 

anaerobic endurance index (total time) is a measure of the 

lactate system (Reed et al., 1979). 

2.6 Summary 

1. A review of the related li terature has indicat'ed that 

hockey is characterized by intermittent periods of activity 

requiring submaximal and maximal levels of exertion. Both~ 

the aerobic and anaerobic energy systems are important in 

ice hockey. 

2. Numerous aerobic and anaerobtc tests on the treadmill, 

cycle ergometer, and on-ice have been utilized to measure 

aerobic and anaerobic fitness of hockey players. 

3: A test dura~,ion of 90 seconds has been su9gested as 

optimal for the evaluation of anaerobic lactate enduranse. 

4. Skating efficiency among trained skaters has a wide 

variability and because of this, skating efficiency May be 
, 

a' significant indicator of fatiguability in skating Along 

with anaerobic ~durance. 

5. Correlations between laborat'ory fitness tests and 

on-i~e tests have produced equivocal results. 

6. Questio,ns have been raised concerning the validity of 

the- Wingate test oto measure the traditionally aocepted 

components of anaerobic fitn,ss. 

:~;:t: 
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This chapter is divided into the following six 

sections: 

3.1 subjects 

3.2 Treatment of the Subjects 
o 

3 :3' Cycle Ergometer Laboratory Test 

3.4 University of Ottawa Hockey Fitness Test 

3.5 Experimental De'sign and Statistica~ Analys.is 
7 

3.6 Summary ---
3.1 Subjects 

Port y six male subjects were selected for this study. 

Seventeen of these subjects were members of the McGill 

University varsity hockey team, while fourteen were members 

of the junior varsi,ty hockey team. Goaltenders were 

excluded. The remaining fifteen were male students of 

McGill University 1 s" department of physical education. '-The 

age range of the subjects was from 18 to 25 years. 

The three groups were treated separately, ,with the 
-. 

phys~cal education students acting as an athletic control 

group. Ten of the hockey players had· played for both 

varsity and junior varsity at the time of testing. The 

grouping of these players was done in terms of time-spent 

wi th each team. To be in the varsi ty group, the player 

must have playea-- 80 percent of his .games ... ·wi th the varsity 

- --

--' 
_ .. u._~~ ""_\. ';u ~- .. _ ... , ..... :. 
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club. Playérs that 
"'":' . did not fall under this category ~J~e 

considered in the -junior varsi ty group. 

3.2 Treatment of the Su',:,jects 

The hockey players were required to perform both the 

laboratory and ice tests. The varsity players were tested 

during the pre-playoff competitive phase of their training. 

The junior varsiEy players were tested twice, within a ~wo 

week per iod in order to examine the test re-test 

hypothesis. The physical education students were tested 
" 

once in the laboratory during this same time periode 

Subjects were asked te refrain from eating, dr inking 

(except wa ter), or smoking for- two hours pr ior to testing 

due t'o the supramaximal nature of the tests. Testing was 

conducted on dates whicQ permitted at least two days for 

recovery pr ior ~ to a gamet AlI testing in the laboratory 

occured between 4:00 a~d 7~. AlI testing on the ice 

occured bet,,!een 4:00 and 7:00 P.N. Repeat trials of the 

,~ __ same test 
" 

" o;ccured at approximately the same time of day, 

. durinifthe following week. 

The subjects made an appointment which was 

convenient with them on the prescribed testing day. The 

subjects arrived at the laboratory in proper gym wear. 
. 

AIl 

subjects read and signed an informed consent document prior , 
o 

to the commencèment of the first laboratory test. Each 

laboratory 

athletes. 

'srot' of 1S minutes was filled with 
l 

The athlete nqt on the cycle ergometer 
~/' 

:.< .. " ,_ --.Us. to.. __ 

two 

waa 
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instructed to provide verbal encouragement. 

Subjects were encouraged to warm-up before each of 

the laboratory and ice tests. Verbal explanation combined 
.-~ , . 

with a physical demonstration was qiven by 'the 

investigators at the start of each laboratory and iee 

session. Both the varsl ty and junior vars'i ty coaches 

emphaslzed the importance of the testing sessions to assist , 

. ,the researchers in motivating the subjects. The subjects 0 

, 

.were encouraged by the investigator and their coach to give 
, 

maximal effort throughout the test. It was made clear that 

,'~acing' could be detected and would be considered 
, , 

unacceptable, resul ting in a second tr ial. Pacing was· 

considered to exist if the average of the 5th and 6th 

repe~itions was better than the average of th~ 3rd and 4th 

repetitions, or if the average of the 3rd and 4th , 

.repetitions was better than the average of the lst and 2nd 

repetitions. 

For the ice testing ~e researchers arrived 30 

minutes before the hockey teams prac:t::ice cime. -' The 
-' 

investigator then outlined the testing procedures using a . 
blackboard. The head coach provided the tester with 

subjects in q~ups of,four. These groups were homogeneous 

in terms of skating ability in order to provide an optimal 

competitive en.ironment. Once the ice had been resurfaced, 
. ' 

the testinq took place as soon-as the players had time to 
, 

perform stretchinq and warm up exercises. AlI players wore 

/' full hockey equipment and cârried a stick. Each test wa-q 
.. 

-~ully completed during one ~e session. 

\ 

" 
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\, ' 

.. , 



Q 

• 

• 
31 . 

~ 3.3 Cycle Ergometer Labo.ratory Test .... 

In a pilot project for this study i t was found that 

the Wingate test resistance of 0.075 kp per kg body weight 1 
seemed to elicit higher anaerobic endurance on the proposed 

test than when using a resistance of 0.096 kp/kg body 

weight. Several of the athletes tested with a resistalce 

setting of 0.096 kp per kg body weight could not finish the 

test. Thus, due to the increased length of this new test, 

~- it was d'ecided to employ the lighter resistance setting for 

this project. The resistance setting on the cycle 

ergometer for each subject was determined by the equation:. 

0.075 kp x body weight (kg) (Ayalon et al., 1975). Smith 

et al. (1982) described the set-up of the Monark modified 

cycle ergometer. The seat height for the subjects was a 

measure of the distance from the subjéë"t' ~ crotch to the 

floor, or full extension of the leg with the ankle . at 90 

degrees (normal flexion when the foot is on the ground). 

A modified cycle ergometer (Monark) bolted to the 

floor (for - stability) was the testing for ttlis 

investigation. Pedal revolutions completed were monitored 

by two magnets set at 180 degrees to one another on the 

crank of the ergometer. A magnetic reed swi tch was 

attached to the cycle ergometer frame opposite the crank. 

The reed switch was connected to an eleotronic counter. 

Thus each time the crank completed onè revolution, the 
r9 magnets caused the switch to close' "twice, therefore 

generating two impul~es (one each). These impulses 

... 
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travelled to an electronic counter which recorded every -i) 

1 

impulse or half revolution of the crank. The experimenter 

recorded the pedal revolutions on scoring sheets during the 

15 second recovery intervals bétween repetitions. 

A modification was,made to the resistance mechanism , 

of the Monark cycle ergomete~. !t was observed during the 

pilot study that the" resistanc~ seemed to vary slightly 

throughout a 15 second trial and from repetition to 

repeti tion. To apply a constant resistance, a pully 

system, with a basket to'hold mass in was .devised. With 
\ 

direct suspension of the mass, the" pedal resistance was 

constant, thereby removing the potential variance in the-

initial system (see APPENDIX B). 

The second modificat~on was to use toe clips on the 
" 

pedals{ This allowed the subjects greater upward pulling 
• . 

on the crank which demapds more muscle involvement 

throughout the whole movement (LaVote et al., 1978). 

The test consisted of six trials, eaph of 15 second . 
duration, with a total work time of 90 seconds. '.: Betwew.q. 

''" , , 
each trial was a recovery interval of 15 seconds. Thus the • 

exercise to recovery ratio was 1:1. The sUbjects started 

each repetition from a still position with 'their feet in 

the designated starting point. The s4bj~ct's left foot was 

at the ten o'clock position, while the right 'foot, was at 
{::) \ . 

'the tour o'clock position, as one looked from the left foot 

. ' ' 
_. 

.. 
o 
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stopping point. In addition, a clock was visible to the 

subject. During the' 15 seco~4 recovery lnterv~, the 
, 

.""" researcher recorded the revolutions from thé e1ectronic c 

counter ana reset the counter. The investigator also 

·ensured that the subject's feet were in the proper starting 

position for the next repetition. The subject was given a 
'-~ 

, .. -
five second warning, and then the command 'go' to indicate 

the start of the repetition. Verbal 'encouragement was 

given on each repetition for aIl subjects, i9 order to 

assist in obtaining a supramaximal effort. After the sixth 

repeti tion, a two to three minute warm down at Ilow 
\ 

resistance was qiven. 

Two component$ were computed from the cycle ergometer 

test: peak anaerobic power, and total anaerobic power. 

Peak anaerobic power was the peak power attained from 

any of. the six repetitions. The 15 second interval with 

the greatest number of revolutions was used in this 

calculation. The equation used to calculate peak anaerobic 

power (watts) was: 

Rev x 
15s 

~ 
min 

x .2!!. x Resistance(kp) x 1 Watt 
rev 6.12 kpm/min 

Total anaerobic power was the total power oytput from 

the six repetitions of the test (~O seconds). The equation 

used to caculate this indice was as follows: 

.Bti x 
90s 

iO.I. 
min 

x Rm 
rev 

x Resistance(kp) x 1 watt 
6.12 kpm/min 

) 

.. 
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Bath peak ~total ~naerobic power were also 

expressed ~s a relative score 
r., 

. (kg) • 

by dividing by body weight 

" 

3.4 University o{ Ottawa Hockey Fitness Test 

The University of Ottawa hockey fitness test provided 

the format for the cycle E!.Igometer test discussed in the 

previqus section. Since this ice test chas been shown to be 

a valid and reliable test of fitness for ice hockey,players 

(Reed et al., 1i79), its protoco1 w~s simulated in the 

laboratory. This protocol also provided the two-criteria 

to validate the new laboratory test. 

Reed et al. '(1979) have described the University of 
\ 

Ottawa hockey fitness test. The ~est was c~mprised of six .. 
repetitions of supramaximal skating_ Each work bout 

consist~d of skating 91.4 mete~s (from goal line to qo~l 

line, and then b~ck to the blue line closest to the initial 
'> 

starting' point.). The distance from goal line ~o goal line 

of·S4.9 meters w~s used for the·speed index. This indice 

was timed bn the theo first repetition o( the test~ Thus on 

the first repetition there were two times recorded, one' for 
" the speed index (54.9m) and one for th~ complete qistance 

~I ,. 
(9l.4m). The tirnes were recorded during the rest interval. 

The work bouts were started every thirty seconds. Thus if 

a skater took 13.0 seconds to complete the distançe, he had 

17.0 seconds of rest before the start of the next 

repetition. Ouring the rest period, the subjects coasted 

~.- /1;; .. ".}'~ 
~ ~,..';b, 
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back to the starting line, and listened for the whistle 

indicating the start of the next work bout. A five second 

verbal warning was given prior to 
~ "" 

the whistle. Verbal 

encouragement was given ,throughout the test for a11 

subjects. 

The indices to be caleulated from the on-tee test 

were speed index, and total time. Spee'd index was the time 

taken to skate the' first length of the iee (54. 9m). Total 

time was the sum of the six repetttions, and was termed the 

anaerobic endurance index. 

3.5 Experimental Design and Statistic~l Analysts 

The Uni~er'sity of Ottawa hockey fitness test and the 

laboratory test were similar in physiologieal demanda. The 

di,fference betwe~n the two tests was that the laboratory 
A • 

test held time constant (15 seconds), while the ice test 

held the distance constant (91.4m). The time of 15 seconds 

was chosen for the laboratory test, because the 91.4 meters 

on the iee took approximately 1S sèèonds to complet~. 

Therefore,the reseacher evaluated the relationship between 

simiiar indicÏ$: 'of the two tests. Sp_eed index on the ice 

was compared to peak anaerobic power/kg in the laboratory. 
,\ ,-

Total time or anaerobic endurance index on the iee was 

compared w~th the power output/kg over 90 seconds on tne 

cycle ergometer. 

The two hockey groups performed both the cycle 
; .. , 

ergometer test and t~e on-iee fitness test. ~he junior 

j • 
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varsity 'group performed the cycle egome~er test twice 
-

within a one week period to evaluate the cycle ergometer 
'\ 

tes~'s reliability and objectivity. The physical education 

students performed thè cycle ergometer test once during the 

sarne testing periode The experimental design 15 presented 

in Table 3.1 

Table 3.1: Experimental design 

Cycle Ergorneter Test l' On-Ice Test 
________ ~~~~~--~--=-~~I~--~--~~~~--
Group 1 

1 Peak Total 1 Speed Total 
n 1 Power Power 1 Index Time 

1 (s) (5) per kg per kg 1 
,=----,~_I 
Varslty Il 
Hockey to 

-=----.-___ [11
7 

JunIor 
Varsity 1 to 
Hockey 14 
=--==---_1 
P.E. Il 
Students 1 to 1 

1 151 

i 

L 

• • • , 
•• •• . 

__ --_1 1 ________ __ 

1 
1 
1 

1 ----1 
, : 1 

• Two sets of scores (dayl and day2) to test for 
reliabili ty 

•• Two sets of scores, (scorerl and sCQrer2) on day2 
to test for objectivity. 

Means and' standard deviations were reported fOI age, 

height, and weight of aIl subjects. Pearson Product-Momen,t 

correlation coefficients were used to establish criterion 

reiated validity. Both hockey groups were tested 

on-the-ice (Uni versi ty of Ottawa test) and in the 

laboratory. Correlation coefficients of the proposed 

compar i~ons were reported. "; Table 3.2 provides the 
.; 

\7 
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comparisons that"were analyzed. 

Table 3.2: Correlation coefficient comparisions 

~ 

University of Ottawa Test Cycle Ergometer Test 

Speed Index vs Peak Power Output/kg 

o 
Total Time vs Total Powe-r Output/kg 

A multivariate analysis procedure (MANOVA) was used 

, to examine for significant differences among the three 
c 

groups in the study. The levels of the independant 
1 ~ 

variable were the varsity hockey, junior varsity hockey and 

physical education students. The dependant variables were 

the two components of the anaerobic endurance test on a 

cycle ergometer (peak power/kg body weight, and total 

power/kg body weight). 

Two independant F-test ione way ANOVA) ,procedures 

were used to examine for significant differences among the 
r; 'b 

groups ~ in terms of each of the two dependant variables 

separately. Post hoc ahalysi~ of the relevant comparisons 

was done using Tukey's formhla (Keppel, 1973). This 

formula determined the location 

differences. 

The discrimination ability of 

anaerobic endurance was examined 

discriminant function analysis in 

of any significant 

the laboratory test of 
i-

by using multiple 

arder to establish 

cOn9t~uçt validity. The discrimination powers of the 

.* 
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laboratory t-est were evaluated using peak. power/kg and 
, ' 

total power output/k~ as pr~dictors. 
L~I 

The junior varsity players were tested twice within a 

two week period for , test 1 re-test determinatioll, . of 

reliability. The mean power scores per kg body weight for 

each repetition fro~ day one and day two were used as the 

data ta calculate the intraclass correlation coefficient 

(R) • The intraclass cor~elation coefficient (R) was 

determined through 

approach. 

the analysis of v~riance (ANOyA) 

The objectivity of the test tI'as also determined by 

using analysis of variance (ANOVA) and the intraclas~ . 
correlation coefficient (R). Ob~ectivity of the cycle 

, 

ergometer test was determined by comparison of ~ean 

revolutio~ scores (for each repetltionj of the junior 

varsity group, from the scores of the two· testers on day 

two. 

) 
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The statistical procedures that we~e used to evaluate . 
the five hypotheses are listed in Table 3.3 

" Table 3.3: Hypotheses analysis 

Comparison Statistical Analysis . ' 

Hypothesis l-criter'ion related validity 

o speed index (on-ice) 
versus 
peak power/kg (lab) 

," , 

Pearson P{oduct-Moment 
Correlation Coefficient 

Hypotbesis 2-criterion related validity 

total time (on-ice) 
versus 
total power output (lab) 

Hypothesis 3~construct validity 

differences among the 
three groups (lab) 

;... 

H~pothesis 

~ab test 
versus 

lab test 

Hypothesis 

rater Il 
versus 

rater '2 

4-reliability 

l 

2 

S-objectivity 

,\ 

.. 

Pearson Product-Moment 
Correlation Coefficient 

MANOVA (with univariate 
F tests) and 
Discriminant Function 
Analysis 

~ 1 

Intraclass Correlation 
Coefficient (R) 

Intraclass Correlation 
Coefficient (R) 

',' 
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Chapter IV 

Results 

This chapter is divided into the fo11owing fivè • ~ 

sections: 
,6' 

4.1 Descriptive Data 
. 

4.2 Laboratory and Ice Test Results 

4.3 Validi~y Results 

J 4.4 Reliability 
~ ('~ 

Results 
- , 

4.5 Objectivity Results 

, , 
i. 

4.1 Descriptive Data -
Means and standard deviations for age, height, and 

weight of t'he two hockey groups and the p. e. stqdents are 

presented in table 4.1. 

The ages of the three groups in this investigation 

were similar: v~;sity hockey (21.5 years"), junior varsi ty 

hockey (20.5 

p.e. students 

years) and 'p.e. The ~tudents (22.0 years). 
<11" ., j'" 

-
were signif icant'ly shorter (175.8 cm) than 

both the varsity (183.2 cm) and junior varsity (180.5 cm) 

hockey p1ayers. The p.e. students were the lightest (74.0 

kg) fo11owed by junior varsity (78.4 kg) and varsity 

players (83.8 kg). The weight differences among the groups 

were significant. 
'-

1 '-'r·fAÎ'. 
'! -,:,! 
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Table 4.1: Descriptive data (x ± S.D.) of subjects (n=46) 

Level n'Age (y,rs) Height (cm) Weight (kg) 

Varsity.Hockey· 17 21.5 ± 2.0 183.2 ± 3.8 83.8 ± 5.9 

J.V. Hockey 14 20.5 ± 2.4 180.5 ± 5.0 78.4 ± 9.0 

P.E. students 15 22.0 ± 2-.-7, 175.8 ± 7.6 '74.0 ± 7.8 

.. 
4'.2 Laboratory and Ice Test Results .. 

41 

For the laboratory test, tbe varsity playere 

exhibited a greater peak power 
/ -

junior varsity players (834 

output (970 watts) than the 

watts). When power was 

expressed relative to body weight, a similar trend occured: . 
11.5 watts for the varsity and 10.6 watts for the junior 

varsity players. The p.e. students exhibited a gross power 

of 745 watts, and a, relative power of 10.1 watts/kg body 

weight. Since there were significant differences among the 

three groqps in terme of weight, the relative power scores 

(per kg body weight) were of more relevance than the gross 

power scores. Relative power was used in all statistical 

ptocedures to 1 factor- out t the._~ssib}A confounding effect 

of weight, and thus make the comparisons meaningful • 

The same pattern was true for total power. The 

-
- . 
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varsity players demonstrated a total power of 773 watts 

compared to 646 watts for the junior varsity p1ayers. The 

p.e. students exhibited 541 watts for tQj:a1 power. When 
~I ( 

pOwer was expressed relative to body weight, the varsity 

players again demonstrated higher total power (9.2 

, watts/kg) than either of the junior varsity group (8.2 

watts(kg), or p.e. students (7.3 watts/kg). These results 

are presented in Table 4.2. 

.. An analysis of the power outputs relative to body 

weight for each of the 15 second intervals during the cycle 

ergometer test revea1ed that the varsity p1ayers exhibited 

highei outputs for aIl six repetitions. These findings ar~ 

presented in table 4.3. 

The differences among the three groups in terms of 

the two dependant variables (peak power/kg and total 

power/kg} were significant. Through the MANOVA , approch a 

Hotelling's F ratio of 13.7 was obtained (p<.OOl). The 

post hoc analysis of the two univariate F tests revealed F 

ratios of'15.9 (p<.OOl) for peak power/kg and 27.6 (p<.oot) 

for total power/kg. These results are presented in Table 

4.4. 

For "' the University of Ottawa skating test, the 

varsity players were significantly faster (7.32 s) tha~_the 

junior varsity players (7.71 s). The Anaerobie endurance 

of the varsity players was 4.19 seconds sqpèriorvto that of 

the junior varsity players. 

An analysis of the time to complete each repetition 

of the University of Ottawa skating test revealed that the 

!, :~l;,;:Ll~~~ . . .!,_~_ 
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varsity compamed to th~ junior'varaity group demonatrated 
• superior speed for every rep~t~tion. This res~lt was 

consistent with the power outputs demonstrated on the 

laboratory test •. These, findings arp.liste~ in table 4.6. ---- "\ 
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~ 
~able 4.2: Cycle ,ergometer tests of 'the varsity p1ayers (n=l7), 

o junior varsity players (n=14) and p.e. students ~n=15) 

Variable Mean S.D. Range 

Peak Power (watts) 

Varsi ty hockey" 97c1 78 8,56 1125 

Jr. varsity hockey 834 94 677 - 1029 
,~ 

P.E. students 74'5 119 . 608 1016 
l' 

-,-, -'Peak t'ower--Cwat-cs7Jcg) 
, )fy 

Varsi ty hockey Il.5 0.6 lO.3 - 12.8 

Jr. var~y hockey 10.6 ' "0.6 . 9.~ - Il.2' 
, 

P.E. students t9 10.1 0.9 9.0 - Il.8 
• 

Total Power (.watts) 

Varsity, hockey' 773 51 663 855 

. Jr. varsi ty, hocke~ 646 . 64 533 - 772 

P.E.studènts "- 541 ~ 101 318 - 737 
0 

/ ' o " 

- 1 Total Power (watts/kg) 
, 

Varslty hockey ? --;9.2 0.5 8.4 - 10.2 1 

Jr. va~sity hockey 8.2 0.6 7.0 - 9 •• .., 1:1' 

P.E.students 7.3 1.0 4.5,- 8.7 
.. 

, . , 
, 
" ' 

. [ 

- \ 

, " 

,~ ; J .. ", 
, ".J ~ ,,' \ ... 
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Table 4.3: Cycle ergometer power outputs (x ± S.D.) for the - , 

• 

Rep~tition 

Watts 

1 

->_2 
"-

3 ",-
\ 

'-
----to 

4 

5 . -' 

6 
, 

.. 
Watts/kg 

1 

2 

3 

4-

.5 

6 

= 

six repetitions 

Varsity 

Hockey 

A 
X S.D. 

970 78 

882 63 

148 59 

711 56 

667 53 

659 53 

-' 
i S .0.' 

11. 5,,\ 0.6 

10.5 \ 0.1 

9.0 0.8 

6.5 0.7 

8.0 '. 0.7 

7.9 0.7 

, 

Junior Varsi ty 

Hockey 

3l S.D. 

834 94 

751 67 

629 70 

616 80 

554 60 

543 65 

X S.D. 

10.6 0.6 

9.6 0.7 

8.1 0.6 

7.9 0.6 

P.E. 

Students 

,x , S.O. 

745 119 

645 100 

542 88 

491 82 

454 77· 

427 76 

i S.O. 

10.1 0.9 

8.7 0.8 

7.3 0.7 

6.7 0.7 

7.1, 0.7 ~.l 0.7 

7.0 0.7 5.8 0.7 

.. 

~ 

. " 

" .. .. ~ 

• ~ ,i 
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Table 4.4: Manova resul ts for the three groups ( n=46) 

;co 
\ , 

Effect df 

Mul tivar i"ate Analysis (Hotellings) 

Groups (3) 

Onivariate Analysis 

Peak Power/kg 

Total Power/kg 

~ 

.-

o 

2,42 

2,43 

2,43 

--\ 

-' 
" 

F 

13.7 

15.9 

27.6 

-

p 

.001 

.001 

, .001 

" 
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Table 4.5: University of Ottawa fitness test for the varsity 

(n=17) and junior varsity (n=14) players . , , 

Variable Mean , S.D. Range 
Il '(" 

, 
0 

Speed Index (s) 
, Varsi t .. y 7.32 0.20 7.05 7.60 ., .. ' 

Jr" varsity 
, ~ .. .,; 7.71 0.29 7.30 8.40 

. Anaerobie Endurance Index (s) 

Varsi ty 
t> 

89.26 2.70 83.20 - 94.50 

Jr. varsity 93.45 , 1.93 90.34 - 91.10 

,) 

~ \ , 

:\ 
'\ 

\ . t • 

.--" 

, , 

/ 

1 

- JI~ 

~ L~~ 
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Table 4.6: Results (i ± S.O.) of the University of Ottawa 

fitness test for the varsity (n=17) and junior 

varsity (n=14) players 

Rep Varsity Jr. Varsity 

48 

S.D. " s.o. 

, 4.3 Validity Resulta 

One of the 1 purposes of' this investigation was to 
1 

establish two kinds of validity: criterion related validity 
1 

and construct validi ty', Pearson Product-Moment: correlation ,. 
coefficients were determined between two laboratory and two 

4 
on-ice_ variables. 'l'he laboratory variables were peak 

anaerobic power (watts/kg) and total aq,.aerobic· power 
, 

(watts/kg) on the cycle ergometer test, These two 

. variables were compared to the speed index and . the total 

time (anaerobic endurance. ,~ndex) scores on the ~niversity 
-0 

. of Ottawa hockey fitness test. - Peak power (watts/kg) 

correlated significantly with speed index and total power 
,-' 

.~ 
- J 

----

\ 
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(wa~ts/kg) , correlated significantly with the total time­

(anaerobic endurance index) ~ariable of the On1versity of 
\ 

: /.. 
The statistical analysis to fi tness test. 

-, examine' the vali~i ty of the laboratory test for iqe hockey 

players ls presented in the' next table. 

.. 

;, ; 

.' ~ ,. 

~\ 

.- ' "...! 
~ .. ·,-L I!;:: J~.~~:: .. ~~:.d.~.:flll.~,:t;~'4'",,"':~:;~'J''':.·J'''''' '- /'~<:"" __ '_ 

, , .. ' .. -; .. 
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'. 
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'. 
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Table 4.7: Correlation coefficients - " Laboratory test versus 

on-iee test 
i.., 

(n=31 hockey players) 

•• 
Laboratory On-Iee Rank-Order Pearson 

------
Variable Variable correlation correlation 

1. Peak power vs Speed Index -.79 -.87 * 
\ ", (watts/kg) (a) 

" 

, . 
r~,p 

. :':".62 2. Total, Power vs Total Time -.78 * 

(watts/kg) (a) \ . 

* p<.OOl .--

f 
,", Construct va1idity was ~ested by examining the 

discrim~nant powers of the cycle ergometer test using o.pf:!ak 

powe~" (watts/kg) and total power (waçtsjkg) as predictor 

variables. The nominal variable consisted of three 
j 

categorièa: varsity hockey, junior varsity hockey and 

physical education students. The discriminant function 

~ analysis for the laboratory test was found to be 

. signif-lcant at the p<.001" level. Tables 4.8 to 4.11, 

present the discriminant function analyaiS-" for the 
l 

laboratory test. , , 

" 

/'" 

l' ~ __ , ,~: ..... I. ..... :...tl:.:'j.'r ~,~.l~ ~ .. ':J#~"~I ... .\.'_~~~- •• ,,,, ,_~. v.., .-~ 

f, _ 
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Table 4.8: Canonical discriminant functions for the cycle 

Function 

1 

2 

ergometer 

,_ Var. 

97.4 

2.6 

test 

Chi squared 

36.8 

1.4 

4 

1 

d'f sig. 

0.'001 

0.23 

Table 4.9: Standardi zed canonical discr irninant function ' 

coefficients (cycle ergornetet-, test) 

Peak Power (watts/kg-) . " 

Total Power (watts/kg) 

Function 1 

0.15 

O.8~ 

Function 2 

1.32 

-0.99 

Table f .10: Canonical discriminant funetions evaluated 
~ 

51 

. 

at group 'means-group cent'roids (cycle ergometer test) 

Level - Function 1 Function 2 
{~ 

Varsity hockey 1.28 0.11 

Jr varsity hockey -0.08 -0.27 

o P .E. students ~1.37 0.13 

\ 

) 

! 
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Table.4.l1: Classification results (cycle ergometer test) 

Level 

Varsity 

hockey 

Jr varsity 

hockey 

P.E. 

students 

n 

17 

14 

15 

Predicted group membershi~ 

Varsity 

hockey 

14 

82.,4% 

l 

7.1% 

l 

6.7.\ 

Jr varsity 
<. 

hockey 

3 ' 

17.6% 

10 

71.4% 

3 

20.0% 

P.E. 

students 

o 

0.0% 

52 

For the cycle .' ergometer te~, the first function 

accounted for 97.4% of the total var iance while the second 

function accounted for 2.6% of 
~ 

terms Qf the two predictors used, 

, 
the total var ianbe. In 

. J , 

the first function had a 0 
'" , 

higher weight lng on total power (0.89), than on peak power 
~ 

(0.15) • Table 4". 9 demol~strates that the group centroids 

,are more dispersed: function one ( 1.28, -0.08, -1.37) 

compare~ to function two (0.11, -0.27, 0.13). Function one 

provides the'largest linear separation of the three Cjroups 
1 

and thus would be the preferred equation. 

; 

( 

, 
" , 
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The discriminant function analysis revealed that when 

using peak and total power/kg body weight as predictor 

variab~!s, 76.1% (35/46) of the subjects ~ere correctly 

c1assified. Discriminant function ana1ysis is a 

statistical technique in which linear combination of 

variable~ are used to distin~uish between two or more 

oateg~ries of ~ubjects (SPSS Inc., 1986). In this study, 

the three categories were varsity hockey,--junior varsity 

hockey and physical education students. The chosen 

predictor variables (peak power/kg and total power/kg) 

discriminated among groups of subjects and predictèd the 

group to which a subject would fall, based upon the values.., 

of these variables (SPSS Inc., 1986). The procedure found 

the linear combination of variables .( function one) that 

best discriminated among, or separated the groups (SPSS 

Inc., 1986). After the discriminant functions have been 

computed, the coefficients are used to predict group 

membership just as in regression analysis. 

In terms of the individua1 group breakdown of ,trie 

classification results, the varsity teàm p1aced 82.4\ of 

.its members into the proper category (its own) wh-ile the 

junior_varsity placed 71.4% and the p.e. students pla.ce~ 

73.3% correctly into their respective groups. 

Of the "'varsity 'group, three of its 17 members w,ere 

predicted to be in the junior varsity group while none were 

predicted to fall in the p.e. student's group. Of the 

junior varsity grol,lp, three of its 14 members were 

predicted to be in the p.e. students group while one of it,s 
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\ 

) 
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" 

members was predicted to be in the varsity hockey, group. 

students, 'three ~_~ Finally, of the physical education 

15 me~~ers were predicted to be in the junior varsity 

group, and one of its members in the varsity hockey group. 

, ~ 
4.4 Reliability Results 

o 

The powe r /kg scores fo~ each repetition on two 

separate days were used to determine the cycle ergometer's 

tes~ re-test reliability. Table 4.12 includes the power .. 
output for the six repetitions of the cycle.ergomet~r test 

,on days one and two. Of the,'J.4 'junior varsity players-f 

tested on day one, three players were. not tested on day~ 

two. One player quit the team, and two others had 

sustained injuries ·which prevented 'them from being 

re-tested. Thus the excluded subject's data (collected on 

the first day) were not used in the calculation for 

reliabili ty (on day two). The'"" adjusted Mean weight of the 

ju~ior varsity (n=ll) for day one' was 79.83 kg. The Mean 

weight (79.43 kg) for d~'y two was s imilar. These two 

values were slightly higher than the Mean weight {7e.4 kg) 
1 

of the_ whole junior varsity. team (n=14). The intraclass 

cor.telation coefficient (R), a~ determined by the analys'is 
\) 

of va~iance approach was 0.93 • 

..... f· 

- ' 

-. 
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. Table 4.12: Power outputs (x ± S.O.) for the' six repetitions 

- of the cycle ergometer test on days 1 and 2. 

--. (n=ll junior varsity hockey players) 

ù 

Rep Day 1 Day 2 
~ s:15:' 0 watts/kg S. D. watts/kg 

,v 

\) 

1 10.6 0.7 Il.1 0.6 

2 9.7 0.7 '9.7 0.7 

3 8.0 0.7 8.2 0.6 

4 7.8 0.6 7.7 0.7 

~ 
5 6.9 0.6 .... 7.1 0.6 '1 
6 .. 6.8 0.6 7.2 0.5 ... 

; 

1 

Total, 49.8 2.9 51.0 \~ 2.5 
,-~. 

\ 

4.5 Objectivity Results 

In order ta determine the objectivity of the 
'\ 
\ ' 

laboratory test, two scorers were present during the second 
, , 

testin;. session of the junior varsity players. For e4çh of 

the six repetitions, pedal' revolutions were recorded 
r-

independantly by the'two scorers. The results for each 

seorer on the six repetitions of the cycle ergometer test 
r - ' 

are presented in table 4.13. The r e~utl-.tL are presented as 

pedal revo1utions per repetition i~stead of power~utput 

sinee peda1 revo1utions are the on1y potentia1" ~ource of 

-' 

" c 

.' 
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scoring error in the equation: 

Rev x 60s x 6 m x resistance (kp) x 1 Watt" 
15s min Rev 6.12 kpm/min 

The otner components in the equation are calcùlated 

constants, which remain the same for both scorers. 
() 

The 

·-;!;ntrac1ass correlation coeff icient (R) , !ierived from 

analysis of variance procedures, for the two testers was 
" , 

0.99. 

-
Table 4.13: Pedal revolutions (x ± S.O.) on the six 

repetitions of the cycle erqometer test 

'for two $corers (n=11) 
-t 

. Repetition Scorer 1 Seorer 2 
--+ 

1 37.8 2.1 38.0 2.1 

2 32.9 2.3 32.8 2.0 
\ 

3 27.9 2.0 28.0 1.9 

4 25.9 2.2 25.7 2.1 ~ 

. 
5 ,24.0 2.0 23.8 2.0 -' i ~4.3 1.7 24.0 1.7 

'l'otal 172.8 8.5 172.2 8.2 

l' 

~ 
~_\ \_, _~ :~~~:ë~~ ~~: ~ ;. ~- ~ - -

, -
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The following sections. are included in this chapter: 

5.1 Laboratory Test Findings 

5.,2 Ice Test Findings 

5.3 Validi ty Findingg 

5.4 Reliability and Objectivity Findings 

5.1 Laboratory Test Findings 

----

When comparing ..,E.esults from the cycle ergometer test-f 

with those of Wingate test, caution must be exerci~ed. -+ 1 

Although both tests have a peak power and a total power 

score which are calculated ïn a similar fashion, the nature 1 

of the two tests are slig~tly different. The Wingate test 

is a one repetition 30 second test, whi1e the new test is 
';) 

intermittent in nature, ~ 
_ .. l, 

having six repeti tions of 15 
.';i" 

t seconds work fol1owed l by 15 secj'nds of recovery. Peak 

the Wingate test is calculated using 
• 1 

the hl.ghest 

revo1ution count whereas the new test uses the 
.Jo 

second revo1ution count. T"ota1 power in the 

uses the revolution count for the entire test 

while the new test takes the ,total revolutions for 

(90 s). These two time frames scores 

reflect different energy demands. 

If exercise,lo, is less than 10 seconds in duration, 
. .. • ŒJ whi'ch 'the pea~ power period is for the Wingate test, ooly 0 

,~( 

~j 

~ . 
~:r, e~".: ..... "-:,~'"~''''''' .,,, '" 

n , 

__ .'?i.'t ._.",-~ -...f " 

• f· 
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",\n alactic oxygen debt would occur (Margaria et al., 1969). 

\ 

Tre authors assumed that. lactic acid did not accumu1ate 

uht-i1 10-15, seconds after the beginning of exercise..,. 
, 

presumably when tne phosphate storès were diminished. Thus 

the peak power ~ndice of the Wingate test is a reflect,ion 

of the, subject's ATP-CP system. The alactic oxygen debt 

waa defined by Margar ia et al. ( 1969) as an anaerobic 

proces~ responsible for the splitting of ATP-CP. The new 

test takes 15 seconds as the duration for the peak power 

calculation, which may not be entirely a reflection of the 

ATP-CP system. 

,Christensen et ; al. .(1960) , examined ,var ious-t 
'; 

physiological measures durinq ~ontinuous and intermi t,tent,.., 

work. Two trained male subjects ran on the treadmill with 

, 0 percent grade at a speed of 20 km/hr. Work per io<;1s of S, 

-10, and 15 seconds were used with recovery periods from 5 ,'l;' 

to 45 seconds. IBlood sam~les were tak·en every five minutes . 
and analyz~d for laetic acid concentration. There was .a 

strong trend toward increased lactic acid concentra~ions 

when the work periods were 15 seconds compared to frve or 

ten seconds. Thus the 'f ir,st 15 second exereise bout of the 

new teat would reflec~ ATP-CP splitting, with a relatively , 

small component of anaerobic q1ycolysis. . . . r 
<1 The anaerobic 'endurance of the Wingate test and total .. , 

power. of the new test would seem to reflect the same 

physiological conditions. The main differènce between the 

two indices ia ~hat one reflects a 'one ahot J exercise bout 

, while the new test ref1ects si'x intermitt~nt exercise 

, . . . ___ ---'--____ .:à't;,j~ 
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bouts. The effect of the 15 second recovery per iod,. 

between work bouts, on the nature of the nf~W test is worth 

discussing. 
~ 

Several reseachérs have examined the importance of 

the recovery period in exercise (Astrand et al., 1960a,b; 

Fox et al., 1969; Margaria et al., 1969; Saltin et al., 

1977; Sa1tin 1973; Saltin and Essen, 1971). Margaria et 
8 

al ... (1969) tested three subjects running a ser ies of trials 

on the treadmi11. The experimental conditions consisted of 

running at 18 km/hr on a 15 % grade with work periods of 10 

seconds alternated with rest periods of 10,. 20, or 30 

seconds. During the first session the subjects reacl'led-f 

exhaustion after 30-40 seconds with maximum blood lactate ... 
" --

concentrations of 50-60 mg' (5.~-6.0 mmol/l). The results 

'showed that no lactic acid accumulated if the period of 

recovery was 30 seconds. Also the increàse in blood lactic 

acid concentration, due to 10 seconds of running, increased 
~ 

when the r~covery period was decreased from 20 to 10 

seconds. Finally, the blood 1acti1.(lcid concentration was 

dependant on the number of runs (Margar ia et al., 1969). 

The impo r tance of the recovery per iods' in an 

intermittent activity, with relatively short work periods,. 

has been associated wi th the process of phosphagen 

resynthesis .. Fox and Mathews (1981) have related the 
" 

duration of the relief interval to the percentage of ATP' 

and CP resynthesized. When the recovery period was less 

than ten seconds, very litt1e ATP and CP . we're re,tored. 

oMWhen the recovery interval was JO, 60 and 120 seconds, the 

1. • 
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resynthesis of ATP and CP 

respect i vely. 

was 50%, 75% 

60 

and 94%, 

~~ring recovery periods of less than 20 seconds, the 

reloading of ATP-CP has an insignificant role in energy 

supp1y during intermittent exercise CSaltin and Essen, 

1971). Thus the new test, with the exception of the first 

repetition, is an indication of '~h~ .' capabi1ities of the 

lactate system, since l5 seconds is not enough tim, for ., 

complete rep1enishment of the ATP-CP stores. 

The total work time (90s) is in accordance with 

Simoneau et al. (1983) who stated that a test longer than 

60 seconds but short~r than 120" seconds in duration would.., 

seem appropriate for the evaluation of anaerobic lactate~ 

capacity. The duration of 90 seconds employed in the new 

test ie an optimal time for a consistent indication of 

anaerobic lactate capacity (Katch and Weltman, 1979). 

Another small difference between the Wingate and the 

new,test is in the calculation of the two physiological 
co 

indices. Greater mathematiqal precision in determing peak 

power can be obtained in the 
) 

new test. The new test 
ù 

calcula tes peak power using the highest revolutions during 

~ 15 aecond, period as compared ~ith higqest revolutions 

during a 5 second period for the Wln~ate. A one revolution 

count error in five seconds can mean a difference of 12 
u 

revolutions(min in the final calculation. This difference 

la reduced to 4 reVOlutions/minute when a one cou nt error 

la made durlng a 15 second interval. The method in this 

investigation was subject to a 0.5 to 1.0 revolution count 

• 

, . 
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difference between independant scorers. The same 
, 

phenomenon.may be reversed for total power. Since the 90 

second test has six separate scores, the error of 4 

revolutions/minute might accummu1ate six times, and thus be 

a greater error than the total score of the 30 second 

wi~gate te,è;. 

Another reason why comparisons between the two tests 
.~ 

must be done with caution, is that sorne studies use weight 

relative protocols for determining load resistance while 

others employ the leg volume and body weight protocol. 

'. This inv-estigation utilized a resistance setting of 0.075 

(kp) per kg of body weight which was similar to th~ 

original Wingate resistance setting. Ott)er i:nvestigations .. 
• in the literature have used resistances of 0.096 kp/kg body 

weight (Evans and Quinney l, 1981) 0.094 kp/kg body weight 

(Smith et al., 1982) 0.099 kp/kg body weight (LaVoie et 

al., 1984). These settings are significantly higher than 

the origipal Wingate setting of 0.075 kp/kg body weight. 

Despite the differences between the two tests, comparison 

of similar indices can be made. The cycle ergometer test 

of anaerobic endurance for hockey players and the Wingate 

test r~quire similar physiological responses. 

The results from the new test are compared in table 

5.1 to dat-a from var ious studies that have used the 30 

second Wingate-test. Montgomery and Brayne (1984) used the 

Evans 'and Quinney ~otocol and obtained a peak power of 

Il.5 ,watts/kg) an~ 11.4 . (watts/kg) for the varsity- ~nd 

junior varsity hockey players, respectively. 
~ 

Montgomery 

'-
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and Dallaire rep9rted values of -10.1 watts/kg and 10.3 

watts/kg for the forwards of a profe~sional hockey team 

during __ two consecutive pre-seasons 

authors reported values of 9 h.} and 

(8l~82, 82~83). The 

9.8 watts/~'g for the 
, 

defensemen on the team during the same pTe-season te~ting 

sessions. Smith et al. (1982) used the Evans and Ouinney 

protocol and obtained a mean peak~ power output of lt.7 

watts/kg for the Canadian Olympie (1980) hockey team. Two 

other studies using the same protocol, with active 

subjecti, yielded similar resu1ts, Peak power outputs 0[-

Il.3 watts/kg (Ev~ns ~nd Ouinney, 1981) and Il.5 watts/kg 

(LaVoie et al., 1984), have been reported. Other studies"1' 

which used the Wingate protocol have reported lower peak~ 

power outputs for active subjects, 10.3 watts/kg (Chomay et 

al., 1982). Kaczkows~i et al. (1982), using the Wingate 

prDtocol, ,reported a peak power output of Il.8 watts/kg for , 

active subjeets. In this study a peak power of Il.5 
,. 

watts/kg and 10.6 watts/kg for the varsity and juniqr 
~ 

varsity are in thls range. The p.e. students peak power 

(10.1 watts/kg) is similar to results (10.3 watts/kg) 

reported for aetive~ts (Chomay_et al., 

Iess tuan results (10~watts/k9) reported by 

al. (1982). 

1982) and ls 

Kaczkowski et 

Total power of the 90 second test was calculated- in a 

similar fashion as anaerobie endurance of the Wingate test. 

to allow for eomparison of the two indices. Thè-resu'lts 
l , 

froJll the new test are compared in table 5.2 to data from 

etudies that have used the 30 second Wingate test. In this 

r 

,1 1 ,..-
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investigation, the varsity (9.2 watts/kg) and junior 

var'sHy (8:2 watts/kg) demonstrated higher total power/kg 

'values __ respectively, compared to the p.e. students (7.3 

watts/kg). Values-\.for anaerobic endurance of 8'.6 wattsi'kg 

'" 

.: 

(Chomayet al., 1982) have been reported for the Wingate 
'" 

test using a resis~ance of O.~75 kp/kg of body 

Montgomey and Brayne (1984) reported an anaerobic endurance , . 
of 9.0 watts/kg for varsity hockey players and 9.2 watts/kg 

for junior' varsi ty players while employing_ the Evans and 

Quinney resistance. Montgomery and Dallaire (1986) 

reported values of 8.5 and 8.7 watt~/kg for Montreal 

Çan~dien forwards over two , consecutive pre-se~sons (81-82,~ 

82-83j. Thé authors reported a value of 8.2 'watts/kg for~ 

the defensemen dur ing these two pre:-season testing 

sessions. Some-othe~ values reported in the litera~ure for 

anaerobic endurance include: 9.4 watts/kg for the .Olympfc 

hock~y team (Smith et al., 1982) 9.1 watts/kg for active 
J: . 

subjects (LaVoie et al., 1984) and 8.9 watts/kg for active 

subjects (Evans and Quinney, 1981) • 

. " 

'\ 
~ .' J. ........ •. • •• ' , f,,' ,', <f,',' ,. _ , .. ~- --,-'._. --~-----'-~ 
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Table 5.1: A compar~son of peak power from various studies 
\ 

using a cycle ergometer test 

--
L_evel Power Power/kg Reference 

(watts) (watts/kg) 

<-

var~ity hockey 970 11.5 {W) Present study \ -
jr varsity hock~y 833 10.6 '(W) Present study 

p.e. students 745 10.1 (W) Present study 

varsity hockey 951 11.5 ( EQ) Montgomery & Brayne, 1984 

jr varsity hockey 877 11.4 (EQ) Montgomery & Brayne, 1984 

1 active subjects 918 Il.8 (W) Kaczkowski et. al., 198~ r; 
, . . ~. 

, -Olympie 949 11.7 (EQ) SJt1i th et al., 1982 
~ 

~ ." 

active s'ubjects 860 11.5 ( EQ) LaVoie et al., 1984· 

active subjects 839 11.3 ( EQ) Evans & Quinney, 1981 

recreationa1' hockey 771 10.3 (W) Chomay et al., 1982 

Montreal Can~diens 
, 

~ 
,forwards, 81-82 857 10.1 (EQ) Montgomery & Da11aire, 1986 

defensemen, 81-82 894 ' 9.7 

forwards, 82-83 875 10.3 

defensemen, 82-83 918 9.8 

(,EO)~Evans & Quinney resistance 

(W)=Wingate resistance 

( EQ) 

( EQ) 

(EQ) 

---

" .. " .. 
"" IItI 

" .. " .. 

• 

-..,.....--, , 
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Table 5.2: A comparison of total power from various studies 

using a cycle ergometer test. 

- '> 
"-

Level An. Endurance An. Endurance/kg Refe~nce 

(watts) (wa,t ts/kg) 

varsity hockey 772 9.2 (W) Present study 

jr varsity hockey 646 8.2 (W) Present study 

p.e. students 541 7.3 (W) Present study 

,-_ varsi ty hoqkey 747 9.0 (EQ) Montgomery & Brayne, 1984 

. jr varsity hockey' 710 9.2 

active subjects 750 9.6 

Olympie 762 9.4 

active subjects 680 9.1 

active subjects 662 8.9 

recreational hockey \43 8.6 

Montreal Canadiens 

forwards 81-82 723 8.5 
J 

defensemen -Si-82 760 8.2 

forwards 82-83 732 8.7 

defensemen 82-83 764 .8.2 

o (EQ)= Evans & Quinney resistance 

(W)= Wingate Resistance 

_ .. ----

(EQ) Montgomery & Brayne, 1984 

(W) Kaczkowski et al., 198~ 

(EQ) Smith et al., 1982 ... 
(EQ) LaVoie et al., 1984 

(EQ) Evans & Quinney, 1981 

(W) Chomay et al., 19"82 

Montgomery & Dallaire, 1986 

(EQ) 1111 u" 

(EO'> 1111 .. " 
(EQ) 1111 .. " 

(EQ) Il" "" 

,-
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5.2 Ice Test Findings 

~ 

!~e speed index disp1ayed by the varsity players in ' 

the University of Ottawa test (7.32 s) was inferior to the 

1980 Canadian Olympie team (7.09 s), yet s1ight1y superior 
~ 

to junior A and professional hockey players (7.40 s) as 

cited by Smith et al. (1982). The varsity players were 

faster (7.32 s) whi1e the junior varsity players (7.71 s) 

were similar to the varsity hockey players (7.69 s) 

reported by Montgomery and Brayne (1984). Both the varsity 

and junior varsity players were faster than col1ege and 

junior players (7.96 ~) and recreational p1ayer~~~t8.14 s)~ 

reported bi Montgomery (1982) and Chornay et al. (1982). ~ 

The varsity team exhibited superior anaerobic 

endurance (89.26 s) and the varsity similar 

anaerobic endurance (93.45 s) to the varsity hockey p1ayers 

(93.3 s) reported by Montgomery and Brayne (1984). Both 

teams were superior compared with jun~or and college (95.5 

s - Montgomery, 1982), junior varsity players (95.8 s­

Montgomery and Brayne, 1984) and recreational players (99.3 

s - Chornay et al., 1982). 

5.3 Va1idity Findings 

Validation of performance tests and various field 

tests can be determined by correlating field test resu1ts 

with a1ready established laboratory tests (Burke, 1976: 

Cooper, 1968; Doolittle and Bigbee, 1968; 
; 

Leger and 



o 

• 
. , 
C'.~Fi>I.\,,' .. '. 

67 

Boucher, 1980: L'ger and Lambert, 1982). 

In the present investigation the procedure was 

reversed. A new cycle ergomete~ test of anaerobic 

endurance designed to test the physio1ogica1 demands of a 

hockey 'shift' was compared to an established on-ice hockey , , 

fitness test. Pearson Product-Moment correlation 

coefficients were determined between two laboratory 

variables (peak power/kg and total power/kg) and two"on-ice 

performance variables (speed index and total time). 

The first hypothesis of this investigation stated 

that there would be a statIstically significant correlation 

between the speed index of the Universi'ty of Ottawa ice..., 

hockey test, and peak power/kg of the laboratory cycle~ 

ergometer test. ~Result~ revealed a significant r value of 

-0.87 (p<.001). This provides evidence of the association 

between peak power on the cycle ergometer with speed index 
. 

of the University of Ottawa ice hockey test. This finding 

is in agreement with Montgomery and Brayne (1984) who a1so 

\,ohtained a significant correlation of -0.61 bet~een peak 

power of the Wingate test and speed inde~ of the same 

on-ice test used in this investiqation. Bar-Or (1978) 
" 

obtained a significant cocrelation of -0:84 between~the 
peak power on the Wingate test and the 40 meter rune 

Kaczkowski et al. (1982) also found a_ significant 

correlation of -0.91 between maximal anaerobic power and a 

50 meter " rune 

The second hypothesis predicted that there would beca 

statlstically significant correlation between total 

LJ 

.1 

.. 
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power/~g on the cyc~e ergometer and total time required to 

complete six repetitions on the University of Ottawa ice 

hockey __ test. Total power/kg output was negatively 

correlate,~ wi th total time of the iee test (r=-O. 78, 
• 4, 

p<O.OOl). Considerinq ~he potential. for ska~ing efficiency 
ù 

to reduce the relationship (Ferguson et al., 1969), this 
, &> 

finding demonstrates a strong association between these two 

val\iables. 

The varsil:y players in this study were found to hav~ 

a ~ignificantly greal:er peak -power per kg of body weight 

a,nd total power, per kg of body1weight than the junior 

-varsity players and the control group. ,This trend ~as also""( 

evident in the on-ice variables (speed index, total time).~ 

The varsity players were significantly faster than the 

juni~r varsity players. Since skating speed and skill were 

main criteria used in the selection of the varsity team, 

this resu~t is not s~prising. AIso, since the testing was 

done during the middle portion of the competitfve season 

for both teams,' it seems reasonable to assume that the 

varsity players would demonstrate superior anaerobic 

endurance than the junior varsity players due to the 

.differenees i~ vo~ume and intensity'of practic~ times. 

There were major'differences between the two hockey 

teams in terms of time spent on the ice, and int~nsity J 

n 

during training sessions. The varsity team was on the ice 

six days a week for a minimum period of one hour and 4S 

minutes per session. If a player missed a practice he was 

expected to replace this work-out with a session on a cycle 

\ 
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ergometer for a minimum of 40 minutes, at a heart rate of 

160 beats/minute. The other option offered to the playe~ 

wàs 40 minutes on a 'slide board' at the same heart rate. 
Cf..r~ 

The )unl.or varsity team's training program was 

qualitatively, as weIl as quantitatively different to that 

of the varsity team's program. The players on this team 

were required to practice twice a week for a duration of 50 
. 

minutes per workout. If a player missed a pract~ce ~e was 

not required ta do any off-ice work. In addition to the 

volume of training difference between the two teams, the 

intensity was different as weIl. Due to the 'club' nature 

of the junior varsity team and the practice timE!a1 

restraints, _little anaerobic work was incorporated into the~ 
cJ 

workouts. The junior varsity coaeh p,referred to 

concentrate on team skills during the limited iee time 

available to the team. 

The second major difference between the varsity and 

junior varsity hockey teams was that the varsity players 
'f • followed an intense 1eg training program bo~h before and 

during the season. The players were required to perform 
J 

various ballistie jumping exercises whieh were designed to 
(1 

provida. an -overload to the quadriceps. They performed 

these exercises until local fatigue was experienced. Many 

of the players on the varsity team'had been 'following tbis 

training regime for severa! years. These players May have 

been bet,ter equipped to deal wi th local fatigue in the 

quadiceps having had 

on-ice and off-iee. 

to endure this type 

Most of-both team's 

of training both l 

fitness ~rail\ing 

. , 

_. 
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on-ice -and off-ice ana~actic type, 

which was appropriace 

test. 

for the nature of the laboratory 
\ 

Construct validity is concerned with the extent to 

which a particul~r measure relates to other measures 

cons~stent with theoretically deriJed hypotheses concerning _ 

the concepts that are being measured (Carmines and Zeller, . 
1984). The çonstructs used in this seudy were the three 

levels of hockey playing experience, (varsity, jr varsity 

and non-varsit~). The predictors used' for the cycle 

er~ometer test were peak power/kg and total power/kg. The 

predictors were chosen based 6n their association with~ 

similar variables in previous studies of hockey players.~ 

The discriminant function ana1ysis showed that 76% of the 
, 

subjects were correctly categorized when 
! 

the predictor 

variables were peak and 'total power (wattS/kg). The 

question as to why. the cycle ergometer would be a valid --­

,'mode' for the testing of, hockey players will be addressed. 
,Y 

Geijsel (197~,1980) examined the use of cyc1in9 as a 

pre-season training mode and ~he cy~le ergometer as a 
t 

testinq instrument in marathon 

(1979)- cites Enschede (196~ 
speed skating. Geijsel' 

and Geijsel (1976,1977) 

statinq that endurance time with a maximal load on a cycle 

ergometer at the'beginning of the competitive season was 

very low compared with scores at the -end of the season. 

These authors concluded that the traditional pre-season 

training of • running 
J 

throuqh the woods', combined with 

• skating simulations' -vas not optimal. 
"'" . .,.. 

'l 

lt was observed 

, ' , 
\ , 

• 

'f· ... ... r!,l.l!!.1>!1i!.'~" r'-,';,:. ..... ~ -~"\..~'t ... _~-- ... 
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'that those skaters who cycled during the pre-season enjoyed 
, 
very good resu1ts in' the first month of 

was al!Q shown that endurance times on a 

competition. It 

c~cle érg~meter 
for marathon speed skaters increasedJ 1) in preseason, on1y 

if training consisted main1y of cycling and 2) in the 

competitive season (when the training was on-ice). Geijse1 

(1979) therefore concluded that speed skaters should train 
, r 

on racing bicycles from June unti1 November, to optimizè 

performance at the beginning of the competitive 'season. 

Geijse1 (1979) also sugge~te? that cyc~e ergometer testing 

would emonstrate the increments or decrements in skati~g 

made by a skater throughout the competitiv~ 

season. 

To further substantiate these ~onclusions Geijsel 

J1980) stu~ied whether superio~ marathon speed skaters (in 

terms of points awarded for race r~sults) have better 

endurance times at a continuous workload on a cycle 
.---"'"Î 

er~ometer, toan inferior skatets. Ten of the pest and ten 

of the worst skaters (senior mens) in the Netherlands 

cycled at a resistance of 5 ,watts/kg and a pedalling rate 

of between 

indièat.ed 

and 80 revolutions per minute. Results 

the better skaters had .significantly longer 

endurance ·ti than the worst skaters (p<O.Ol). No 

5ignificant differences existed- \n thè values of heart 

rates (at 200 watts~ Dand·S watts/kg workloads), maximum 

oxygen-uptake (ml/kg·min), number of years of training, and 

~raining frequency in both' pre-season and competitive 

season. The' superior skaters although homogeneoüs' 'i'n terms 

" 

-.-~ 

, 
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of,xhese variables, were able to produce more power for a 
'\ 

longer period of time than the inferior skaters on the 

cycle _~rgometer test. It seems that for 'skaters' the: 

appropriate mode for laboratory utesting is a cycle 

ergometer. 

The protocol in this investigation followed the 

guidelines outlined by Thoden and Jett'! (197~) to test the 

'physical~capacity to play hockey.' These guidelines were a 

result of the time motibn characteristics of ice hoqkey • 

The main èriteria inc1uded maximal work bouts long enough 

t~ tax the anaerobic mechanism (10 seconds or long~r) with 

10-12 seconds of rêcovery between repetitions, 1 "and"'f 

numbering as" Many bursts as a player can expect to have per""" 
.-n 

shift (S-7): Green et,al. (1976) and Green et al. (1978a) 

further substantiate these time motion cha~~cteristics~ 

Re~d et al. (1979) designed an on-ice test which satisfied 

these guidelines and was shown to be a valid hockey fitness 

test. AlI tnese f indings' provided the structure for the 

new cycle ergometer test. 

The re~ults indicate that, although the new test is 

not ~n on-ice hockey fitness test, it can provide useful 

information concerning the readiness of players to meet the 
1 

demands ,of ice hockey. 

5.4 Rellability and Objectivity Findings 

.. ~ The three important qualities of a gOod test are 

al~dity, reliability and oBjectivity (Baumgartner and 

\ 

• . 
_.\. 1 

• ; $ ait! 
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Jackson, 1975). If anr of these qualities are missing the 
o 

test cannot be considered to have scientific use. 

!l}e concept of reliability has been present for over 

-50 years (Safrit, 1976). According to Carmines and Zeller 

(19~4) re1iability can be defined as the extent to which an 

experiment, test ot any measur ing procedure, yields the 

Same resu1ts on repeated tr ials. Synonyms for rel iabil i ty 
, 

are: dependabi1ity, stability, 'consistency, predictability 

and,accuracy (Ker1inger, 1964). A correlation coefficient 

is "used tQ 

trials. 

determine the 'degree 

Objectivity i9 - a concept 

reliability. It is defined 

> 

of " agreement between 

closely related to.,. 

as rater reliabil i ty"1 

(Baumgartner and Jackson, 1975; Safrit, 1976). If a test 

iso -objective there will be a close ag'reement between the 

scores assigned to each subject by two or more judges. A 

correlation coefficient is calculated which indicates the 

degree of agreement between the two scorers. 

In the present investigation, the 1aboratory test was 

administered on two separate days in ordef to estab1ish its 

re1iabi,lity. For the second testing session there were two 

scorers present to record the, result,s during the test. The 

resu1ts from the two scor,ers were then analyséd to 

determine the tesi's objectivity. 
l ' • 

, , , 

In the Qast, the common1y accepted practice for 

estimating test reliabi1ity involved the product-moment 

correlation coefficient or sorne variation of it (Fe1dt and 

-,McKee, 1~58 ; Kroll, 1962, 1 Liba, 1962) • However an 

1 
t 

o 

Q 

... 1 
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ill\portant limitation of this estimation method is that it 

is a' bivariate statistic and should be used when 

determ!~ing the relationship between two independant 

variables (Safri~, 1976). When subjects are tested twice' 
-

on the same test, only one variable is! measurèd, and a 

univariate statistic shou~d be used (Safrit, 1976). 

In the present investigation, the estimation of 

reliabili ty and objectivity was determined by the 

intraclass correl~tion coefficient (R) through the analysis 

of 'variance approach (a univariate statistic). The 

intraclass correlation çoeficient for reliability was found 

to be 0.93. The correlation coefficient for ob j ec9\yi..tY-i 
. 

was 0.99. These values provide strong su~port for the~ 

establishment of reliability and objectivity of the new 

cycle ergometer test of anaerobic endurance for hockey 

players. 

o 

.., 
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Chapter VI 

Summary, Conclusions and Recommendations 

test of 

protocols of 

.. 
of, this investigation was to establish 

reliapility and objectivity of a laboratory 

ic endurance for ice hockey players. The 

existing labora~ory tests 
1 , 

of anaerobic 

endurance consisted of one work bout. The modified 

laboratory test of anaerob~c endurance used six work bouts, 

totalling" 90 seconds in duration (15 seconds per work-i 

bout). This 
~, 

modification was 
, 

based on prior studies of~ 

/' ,;{-

time analysis during hockey play, in which number of l 

maximal bursts per shift were found to be from five to 
1-

seven. It was believed that the new laboratory test of 
, 

anaerobic endurance would be more representative of a 

typical shift in hockey, than the present laboratory 

protocols and could be applied to aIl levels of hockey 

players. 

The subjects in this study were 46 males from varsity 

hockey ~ junior varsity hockey and physical education. AlI 
, 

subjects per formed a cycle e rgometer test. 
1 

In addition, 

the hockey groups also perforrned the University of Dt tawa 

ice hockey fitness test (Reed et al. 1979). The junior 

varsi ty group per formed the cycle ergomet;.er test twice in 

order to establish the test' s reliability. Two 

investigators scores were compared in order to establish 

1 

f 
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\ the test 1 s objectivity. 

The flrst hypothesls of this study stated that 4 there 

would be a statistically significant correlation between .... -
the speed index ,of the (]ni~ersity of ~ttawa ice hockey 

fitness test, and peak power/kg output of ~e' laboratory 

cycle ergometer test. The Pearson Product-Moment 

correlation coefficient revealed an r value of -0.87 which 

was significant at the 0.001 Ievel. This provides strong 

evidence of the association between these two variables as, 

weIl as lending support for the establishment of criterion 

related' validity. 

., , 

The second hypothesis predicted that there wouid be a~ 

statistically significant correlation between the total~ 

time required to complete the University of Ottawa hockey 

fitness test and total power/kg output on the cycle 
" 

ergometer test. The Pearson Product-Moment correlation 

coefficient yielded an r value of -0.78 which was 

significant at th~ p<O.OOl probability level. This finding 

demonstrates a strong assocfat ion between these two 

variables and again provides support for the establishment 

of criterion related validity for the new test. 

It w~othe.ized that the new laboratory test of 

anaerobic fitness for hockey players would discriminate 

between hockey play_ers of varying abili ty (varsi ty, jU!1ior 

varsity,,. non-varsity). The asemmpt l'on was made tha t the 

performance scores on the cycle ergometer test wouid vary 

according to the Ievel the players had attained. This did 
• 

prbve to be the case. 
, 

Therlaboratory test had 'discriminant 
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powers, with peak. and total power/kg as predictor 

variabl~s. Tbis result~r~ides 

establ~~hment of construct validity. 

for support the 

The fourth and fifth hypotheses were concerned with 

re1iability and objectivity of the laboratory test. The 

intraclass correlation coefficients, using the ANOVA 

approach, revealed values Of 0.93 for test-retest 
\ 

re1iabilitr and 0.99 for objeç~ivity (test scores of two 

investigators)~ These values confirmed the reliability and 

objectiv~ty of the new laboratory ~est. 
'-

6.2 Conc1usions -1 

Within the delimitations and 
.) 

limitations of this 

study, the following conclusions seemed justified: 

1) The peak power/kg variable from the 90 second 

intermittent cycle ergometer test is a valid measure of the 

skating speed of ice hockey players. 

2) The total power/kg variable from a 90 second 

,intermittent cycle ergometer test is a valid measure of the! 

anaerobic endurance of iee hockey players. 

3) The 90 second'intermittent ergometer test discriminated 

among subjects of varsity, junior varsity and non-varsity 

play~ng experience. This finding provides support for the 

establishment ~f construct validity. 

4) The cycle ergometer test is reliable and objective • 

/ 

/ 

,. 
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. , 
6.3 Recommendations 

The fol1owing recommendations are proposed for future 

investigations: 

1) Further studies should be conducted to evaluate the 

optimal resistance setting for th~ new protocol. 
\ 

2) Follow-up studies should be conducted using players 

with a wider range o~ abil~ty, including professionals and 
o 

~ younger players, in order ta further test the construct . 
validity of the new laboratory test of anaerobic endurance 

for ice hockey play~rs. ~ 

3) FOllow-up studiés should be conducted comparing the~ 

cycle ergometer test to other tests of anaerobic endurance 

to further examine criterion related validity. 

4) Studies witn other athletic groups (eg. speed skaters, 

cyclists, wrestlers) should be examined to determine the 

suitability of this protocol for athletes in these sports. 

5) Refinement of the test protocol to include an aerobic 

recovery component (ie. two sets of four repetitions with' a 

five minute recovery period between repetitions). This 

test protocol takes into consideration time spent on the 

bench between shift~, and would give the coach an 

additional piece of information that the 
1 

present protocol 

cannot state. 

-- L 

\1 

\. 
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APPENDIX A 

Cycle Ergometer Test Protocol 

1) Take subject's weight'in kilogra~s and multiply by 

0.075 to get the subject's test resistance. 

2), Set proper seat height (full extension of the leg 

wi th feet in a 90 degree: f lexed posi tion) . 
, 

3) Subject warms up for 3 minutes"at 2 kp resistance. 

4) Investigator exp1ains test protoco1: 

a) Six maximal burst~ ~ach of 15 seconds duration. 

b) Each repetition is f0110wed by a 15 second 

recovery per iod. 

c) Subjects must return feet to the starting 

position during each recovery interva1. 

d) Subjects must not pace. They must pedal alI-out 

on each repetition. 

e) There will be the command "GO" to start each 

repetition and "STOP" to indicate the end of each 

repetition. There will be a five second warning 

prior to the start of each successive repetit1on. 

5) Resistance is added to the flywhee1 by adding mass 

in tg the basket. 
. 

6) Tester shows the subject the proper foot position for 

the start of each repetition. Left foot at 10 oclock 

and right foot at 4 oclock as one looks from the left 

foot, side of the crank. 

7) Ensure that the toeclips are tightened • 

8) Investigator starts the test. 

90 
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9) Verbally ensure ~hat the subject does net raise off 

the seat during the work bouts. 

10) Iny~stigator records the number of revelutions fro'm 

the e1ectronic counter onto the score sheet,during 

each recovery periode 

Il) provide the subject with verbal motivation. 

12) Allow a three minute warm down after the completion 

of the test. 

• 

, , 

. . ~ '. ", , 
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APPE~DIX 3 

Cycle Ergometer Set-Up 

'Modified Monark 5tationà'ry 

Cycle Srgometer, 

A - Cycle ergometer bolted to the floor for stabillty 

8 - 17 inch pully bolted at an angle to the floor 

C - 3as~e t to suspend mass of known quant i ty 

o Two magnets 180 degrees t:o one another (on underside 

of the crank) 

E - Impulse ge'1e rator (magnet: ic reed sw i tch, 

Smith et al., 1982) 

F - Elect ronic counter 

- ' 
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APPENDIX C 
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1 
Sample Da ta Sheet II 
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Date ____ _ ITEAM ____ _ 
1 

1 
1 

Sub j 1 
1 
1 

kp 1 
1 
1 

1 1 
1 , 

2 , 
1 

3 1 

1 
4 1 

4' 1 
5 1 

1 
1 

6 1 , 
1 

7 

8 -- -

9 

10 

'. ,. 
, 
~ :. 
'< ~," 

~
;\,. 

,~ 

AtJ. .... ~:t~;. ~ _~ _,,\ <_ '»o~ .:!- , __ d.:.! ... 

Cycle Ergometer Test 

Revolution 
Counts 

Speed 
Index 

On-Ice test 

Tirne (s) 

, 
1 1 2 1 3 1 4 5 1 6 --'--:1:--'-1 --:::"2-";--3:::--T1---::4:--T""--;:-S -"r----':6:r--

1-1-/-1'-1- --1-1-1-1-1-/-
" / 1 1 1 l' -- 1 1 1 1 1 1 __ ,_,_, _____ ,_,_, ,_,!:L-,_ 

, l , " '/ l ,-, - --1- -1-, 1 -1-1 1-1-'-
'-'-1-1-1-1 -1-' 1 -/--

l ' '-1 / 1 1 

- -1- -1-1 -',-' -',--, 1 1 1 

1 

" 

- --1-1-/-1 -1-/ -'--
, , , 1 l ,- 1 1 
l , , l ' "1 '-1-1-/-/-1 -,--,---

-1-/-/-/-,' -/- 1---l-
, 1 l' ' , , _'_/_1- _1 -.1-1 - ~I-

1 l' 1 
__ / ___ 1 -1- --1-
- _1- _ -=- _1_1_ _ _1_ 

.. ----
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APPENDIX 0 

Samp1e Calcu1ations 

Raw datà on p1ayer '00 

Weight= 187 lbs =85 kg 

Test resistance=O. 75..,l1: 85 = 6.4 kp 

Table: Revo1utions/repetition 

1 2 1 3 1 4 l, 5 6 1 Total 1 
1 6 1 I--==--",,!!"-ril ~=-I ~",.....I 

32.5 1· (i9.5 1 27.0 1 25.5 24.5 1176.5 1 
__ -1,,1 1 ___ 1 1 __ _ 

37.5 

The eq~ation: 

Rev 60 s 6 m 1 watt 
X - X X Resistance (kp) X 

.--

15 s Min Rev 6.12 Kpm/min 

Peak Power 
J 

37.5 60 6 m 1 watt 

94 

- x x x 6.4 kp x = 941 watts 
15s 1 min 1 rev 6.12 kpm/min 

941 watts 
---- = 11.07 watts/kg 
85 kg 

Total Power 

176.5 60 6 m 1 watt -x - x x 6.4 kp x = 738 watts 
90s 1 min 1 rev 6.12 kpm/min 

738 watts 
= 8.68 watts/kg 

85 kg 
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APPENDIX E 

G 
Summary Data 

subject Welght Speed Sum of Peak Total 
lbs kgs Index six reps Power/kg Power/kg 

Varsity 
1 179 89.5 7.16 85.67 Il.9 10.1 
2 167 75.9 7.18 a7.55 Il.8 9.8 
3 184 83.6 7.39 89.91 Il.6 8.9 
4 171 77.7 7.60 90.18 10.3 8.5 
5 183 83.2 7.54 91.40 Il.3 8.4 
6 187 85.0 7.16 85.58 Il.5 9.5 

" 7 177 80.5 7.40 90.08 Il.4 9.2 
8 168 76.4 7.15 87.00 12.8 10.2 
9 167 75.9 7.52 91.61 Il.3 9.4 
10 185 84.1 7.53 89.10 Il.3 9.5 
Il 173 78.6 7.08 83.20 12.0 9.6 
12 190 86.4 7.40 90.08 Il.5 9.2 
13 200 90.9 7.Q6 91.00 12.2 9.4 
14 203 92.3 7.05 90.30 12.2 8.9 
15 201 91.4 7.20 94.50 Il.4 8.8-' 
16 194 88.2 7.60- 90. lO 10.4 8.8 ... 
17 204 92.7 7.50 90.10 Il.4 9.0', 

Jr Varsity 
1 165 75.,0 7.54 90.34 Il.1 9.5 
2 205 93.2 7.50 93.27 10.3 8.3 
3 159 72.3 7.30 92.80 Il.2 8.5 
4 168 76.4 7.83 91.70 9.8 8.1 
5 172 78.2 8.14 96.55 9.5 7.4 
6 169 76.8 7.90 95.55 Il.0 8.6 
7 160 72.7 7.53 92.10 Il.1 8.5 
8 185 84.1 8.40 94.00 9.4 7.9 
9 137 62.3 7.59 93.37 10.9 8.6 
10 160 72.7 7.55 94.50 Il.0 8.1 
Il 205 93.2 7.80 97.10 . Il.1 7.9 
12 200 90.9 7.72 93.13 10.3 7.0 
13 157 71.4 7.-58 91.90 10.8 8.9 

-~ 14 174 79.1 7.53 92.04 Il.2 8.6 -- P.E. Students 
1 171 77.7 10.9 8.7 
2 206 93.6 ,. ,1 ~ 10.8 7.8 
3 153 69.6 9.2 7.1 
4 154 70.0 Il.6 7.9 
5 170 77.3 Il.8 8.5 
6 157 71.4 9.1 4.5 
7 193 87.7 10.3 7.0 
8 154 70.0 Il.1 8.2 
9 162 73.6 9.0 7.6 
10 146 66.4 10.4 7.6 
Il 148 67.3 

, 
9.1 6.a 

12 169 76.8 9.5 7.4 

e 13 161 73.2 9.6 7.0 
14 150 68.2 9.6 7.0 ~ 
15 146 66.4 9.7 6.8 
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APPENDIX F 

Informed Consent 

Date: ______________ __ 

Name: 
-------------.~--~ 

~ereb give consent to Fraser W. Gamble to administer 

and supervise follo~ing inv~n: 
1. ecord anthropometric data (s~anding 

\ 

qèight, body weight). 
, 

2. Administer a cycle ergometer test. 

3. Administer an on-ice fitness test. 

..., 

l have heard and seen a c1ear explanation and understand 

the purpose and demands of the procedure and am fully cognizant 

of the risks involved and the complications that might arise. 

I have heard a clear explanation and unders~and the benefits 

to be expected from the procedure. 1 unde~stand that the 

procedure to be administered is investigational and that 1 

might withdraw my consent for,my participation at any time. 

Having received this information, and satisfactory answers 

to the~uestions 1 have asked, 1 voluntarily consent to the' 

procedure designated rrn the first paragraphe 

• 
Signature: ____________ __ 

Witness: ----------------

'. 


