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Abstract

The purpose of this study \~as to measure the intensity

and duration of ice hockey play for six university hockey

players (three forwards and three defencemen) and to compare

them with the results to a similar study published in 1976.

Comparisons of heart rate output and time-motion

characteristics between forwards and defencemen were

examined as well as differences in intensity between

practices and games. The players performed at significantly

lower intensity, had less playing time per shift, and had

less playing time per game than the players in the 1976

study. Both investigations had similar bench times between

shifts. The forwards had significantly different time­

motion characteristics from the defencemen but similar

playing time intensity. The intensity of games was higher

than practices in terms of on-ice intensity but similar in

terms of total timeàbove a threshold intensity (~ 70% of

HRmax) .
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Abstrait

le but de cette étude était de déterminer l'intensité

et la durée d'une joute de hockey sur glace de six jouers de

hockey universitaires (trois ailiers et trois défenseurs) et

de les compare avec les résultats d'une étude similaire

publiée en 1976. Une comparison entre le rendement de la

vitesse du coeur et les caractéristiques du temps par

rapport au mouvement furent examinés entre les ailiers et

les défenseurs de même que les différences d'intensité entre

les pratiques et les joutes. Les jouers avaient une

intensité plus basse de même qu'un temps réduit sur glace

par période et par joute, que les jouers de l'etude de 1976.

Les deux enquêtes avaient une durée sur le banc semblable

entre chaque période. Dans cette étude, les ailiers avaient

des caractéristiques de temps par rapport au mouvement très

differentes de celles des défenseurs. Par contre,

l'intensité du temps de joute était analogue. L'intensité

des joutes était plus élevée que dans les pratiques en terme

d'intensité sur glace mais semblable en terme du temps total

au-dessus du seuil d'intensité (~70% de HRmax) .
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O1apter 1

Int:rcrlucticn

1.1 Nature and SCope of the Study

"Henderson has soorOO for canada."

Paul Henderson's gœ.l in the 1972 SOviet versus canada hcx::key series

sent many canadian." and North Americans into jubilation and sighing in

relief as the series caIre to an enotional end. The series was over, but

eyes and ears of North American hcx::key minds were no,.; open to learn .~ran

the SOviet and Europeans. It markOO the beginrùng of renovations to

severa! aspects of the North American garne.

'IWo of the tools utilizOO by the SOviets were ronitoring of heart

rate to est:ill'ate the intensity of ice hockey w::>rk, and detailOO analysis

of the various actions, skills and ti.Iœ a:rnponents of the hcx::key player

p;rrticipating in agame. SCience,'had been appliOO to canada's garne

before, but it was not until1974-1975 that heart rate telemetry and ti.Iœ­

rotion analysis were simultaneously performed. on ice hockey players in

North America (Rouet, Go:de, Watt, Allen, schonenberg and Duffin, 1976).

It has been sh= in nurnerous studies that the greater the intensity

of exerfi'se, or the greater the exercise w::>rkload, the harder the heart

must pump blocd to deliver oxygen to the w::>rking muscles. There is a

linear relationship, between the intensity of exercise and heart rate

(McArdle, Katch, & Katch, 1991) •
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Stuclies of time-rrotion analysis ident! fy and qUi:U1tify the physical

novernents and the specific ];6tterns of play that aœ involva:'! 'vith il

sport. For example, Remet, G:cde, l'iatt, Allen, SCI1onb~rg, and Duf fin

(1978) identified and rreasured various actions that occuued during an ice

hockey practice. 'lhe results "'E!re contradictOty to the CCBdl'S

objectives. 'lhe rrosearchers reported only 20 t1Ùl1utes of skat.ing for one

player in a 60 minute practice despite the =d1'S \:elief that the players

were skating for 45 minutes. Time-Ilotion researd1 has bo"'el1 perfonlled on

other sports such as soccer (M3.yhew, & Wenger, 1985), mgby (D....-cherty,

Wenger, & Neary, 1988) and handball (Ale.xander, & Eoœskie, 1989).

Conducting time-rrotion observations and telemetering heart rate in

synchronicity during an activity, enables the researcher ta measut:e

physiological demands for the clifferent physical actions of the gallle. ln

aclàition, it enables them to calculate the time spent per ganle at

particular heart rate intensities and the tinle spent perfornling the

various time-rrotion a:rnponents of the activity. This information is

valuable for the understanding of novernent ];6tterns of the game, and ta

the develq;rnent and prescription of training programs for that partictLlar

sport.

1.2 Rationale for the Study

If yeu were ta ask players, =ches and other hockey intellects who

have I::een involved with the game at elite levels (university, junior,

professional) for the last 15-20 years, they w:Ju1d tell yeu that the game
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is played at a much faster pace tcday =-npared to 15-20 years age. Not

only =u1d they say the intensity of the game is higher, but that the

elite teams generally use four lines I1CM where as years before, a team

usually went with three lines.

The time-llOtion rœasurerrents and heart rate intensity results of

Thoden and Jette (1975) i Green, Bishop, Houston, M:::Killop, Norman, and

stothart (1976), and Leger (1980) on elite hockey players, may not reflect

the time-llOtion characteristics and intensityof ice hockey play in 1994.

With the elite level hockey teams utilizing four forward lines, it is

presumed that this w::lu1d have iroplications in the duration and intensity

of play of hockey games. If 50, it =,.ù.d suggest that a different

physiolcgical output by the ice hockey player, may be necessary to perfonn

optimally in games and in training.

1.3 Staterrent of the PrOOlem

The game of hockey appears to have undergone changes over the last

15-20 years. Therefore, the purp:lse of the study is to measure the

intensity and duration of ice hockey play and to a:xrq;:are them with the

results of the study published by Green et al. in 1976. In addition, the

variability in heart rate output and time-llOtion response between forwards

and defencemen is analyzed as well as differences between practices and

garres .
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1.4 Hypotheses

1.4.1 'Ihe rnean heart rate intensity during on-ice play is higher than

ti:e rnean heart rate intensity reported by Green et al. (1976).

1.4.2 Time-l1'Otion characteristics (playing time p:r shift, bench tiJl'e

between shifts, and playing time p:r game) are significantly

different than the results reported by Green et al. (1976).

1.4.3 Forwards and defenceren do differ significantly in intensity

during on-ice play.

1.4.4 Forwards and defenceren do differ significantly in time-notion

characteristics (playing time p:r shift, bench time betWL"en shifts,

and playing time p:r game) .

1.4.5 'Ihe rnean intensity is significantly l~r in practices than

games.

1.4.6 'Ihe total minutes at a heart rate intensity greater than or equal to

70% is significantly higher in practices than games.

1.5 Delimitations

1.5.1 'Ihe hockey players in this study were male university hockey players.
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1.5.2 Data were oollected on only six players fran the hockey team.

1.5.3 Data were oollected on only three players simultaneously.

1.5.4 Data were oollected fran six regular season games.

1.5.5 Generalizations can only be made in relation to: (1) hcx:::key players

with sinùlar ability; (2) the age range of the subjects; and (3)

hcx:::key players who play three, 20 minute stop time periods.

1.6 Limitations

1.6.1 The data fran games were oollected at various arenas, rather than

a single location.

1.7 Operational definitions

•

Bench time (Gl) is the anount of time the player spends

reeovering on the bench between on-ice

shifts•
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Playing time (G2)

Stoppage time (G3)

On-ice (G2+G3)

Practices

Bench time (Pl)

Lc:w velœity skating (P2)

6

is the time the player is on the ice and

play is in prcgress.

is the anount of time that the player is on

the ice where play is interrupted. 'Ille time

between a whistle and the subsequent drop of

the puck at a face-off.

is the anount of time that a player spends

on the ice. It is the sum of playing tine

and stoppage time. One on-ice incident

w::>uld constitue a shift.

is the time that thé player is on the bend1

and off the ice.

=s when the subject is skating at a ION

velœity. 'lhis w::>uld include gliding,

s1.:retching, taking shots on the goalie and

when the subject is stationary on the ice.

'lhis skating requires little effort by the

player.
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High velo:::ity skating (P3)

other {P4l

Qn-ice {P2+P3+P4l

, '- ..-"

7

cx::=s when the subject is skating at

no:lerate or high velcx::ity. The legs and

arms of the player are in notion

and rroving fast. 'Ihis represents a gccx:l. to

all out effort by the player.

is any condition that does net fit the other

conditions. 'Ihis w::Juld include fighting for

the puck along the boards or for position in

front of the net or fighting anongst the

players.

is the total t:irre that the player spent on

the ice during practices. It negates bench

t:irre and it is the SUffi of leM velo:::ity

skating, high velo:::ity skating and other

conditions.
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C1apter 2

Hevi.ew of Literature

The review of literature has been divided into t~ sections, with

three subsections oontained witlùn each. The first section is on heart

rate telemetry. The heart rate measurements of subjects during .tee hcckey

practices and tasks are revi.ewed, follCM'ed by a review of hlXlrt rate

telemetry during actual garres, and the heart rates of forwards and

defencemen during garres are cx:mpared.

The second section examines tiJre-notion analysis of ice hcckey.

This section is divided into tiJre-notion analysis of ice hcckey practices,

garres and a cx::mparisen between forwards and defencemen.

2. 1 Heart Rate 'l'e1emetry

In 1963, Kozar and Hunsicker telemetered the heart rates of 10 young

adult men during their participation in various sports. These subjects

had significantly higher heart rates when they played tennis, paddleœll,

badminton and handball than they did when they teck part in volleyball or

I:x::Mling. '!he heart rates measured for volleyball were alse significantly

higher than the heart rates for I:x::Mling.

There are many types of sports or activities in which an individual

can participate. Each sport has physical and physiological dem3nds in

order te perform sucessfully in that sport. 'Ihus different sports will

'-
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prcduce different physical and physiological respcnses fran its'

participants (KOzar &Hunsicker, 1963).

'!he telemetering of heart rates during spcrt is one way of rreasuring

the dell'ands of the activity. Ali and Farrally (1991) recorded the heart

rates of soccer players during matches to cbtain information aI::x:lut the

physiological load i.m[:osed on soccer players during agame. Beaudin,

Zapeic and M:llltganery (1978) rreasured the heart rate intensity of squash

players to dete.."l1ÙIle the aercbic intensity of the game. Noble (1975)

gathered heart rates on w::lœl1 performing gymnastic routines in a

o::rnpetitive setting to predict oxygen uptake and Reilly and Thanas (1979)

used heart rates as an estimate of the energy expenditure in a

professional soocer game. Ice hockey studies have alse employed heart

rate telemetry to rreasure the physical and physiological demands of the

sp::>rt (Se1iger, 1968; 'Ihcden & Jette, 1975; Green 1978; lYbntganery 1979).

2.1.1 Heart Rate Telemetry During lce Hockey Practices and Tasks

Se1iger (1968) published the first heart rate data on ice hockey.

His focus was to assess the energy expenditure for various physical

activities. Fbr hcckey, he measured the heart rates of 15 junior players

(16-20 years old) in a rrcdel match. 'Ihe subjects played for 90 seconds

and then recovered for 180 seconds. 'Ihis pattern was repeated three

ti.Ires. 'Ihe player's heart rates averaged 160 beats per minute (I:pn) with

a peak of 177 bpn•

rater, seliger et al. (1972) rreasured heart rates on hockey players
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during a silnulated rratch. SUbjects were 13 players frou the

Czechoslovakian National team. '!he players were on the ice for

appr0xim3tely 60 seconds and off the ice for 180 seconds. 'Ihis p;lttem

was repeated six tiJres resulting in an average heart rate of 152 I:pn. It

was noted that the heart rate increased slightly frou the first to last

repetition. seliger et al. (1972) indicated that these heart rate results

generally agreed Idth his results found previously on the junior hockey

players.

Remet, Go:::de, Watt, Allen, Schonberg and Duffin (1976) measured the

intensity of ice hockey activity by rronitoring heart rates of three

players during three practice sessions. During the first practice, one

player had a heart rate aJ:ove 150 I:pn on six different occasions, for a

total of 14 minutes during a 60 minute practice. '!he follCMing practice,

players 2 and 3 displayed heart rates aI:ove 150 I:pn, on 12 and 18

occasions respectively, for a total of 21 and 30 minutes during the 60

minute practice. Remet et al. (1976) published only the results of one

player for the first practice and the results of the two other players

during another practice. 'Ihis study did not cx::mpare theintensity of play

arrong the players during practices. '!he authors noted that the coach

intensified the latter practice frou the previous one.

Green (1978) measured the heart rate during continuous and

intermittent ice skating. '!he subjects in the continuous group, skated

for one heur at a velocity corresp::mding to 60% of V02max. '!he

intermittent group skated for one minute at avelocity corresponding to

120% of V02max. '!he intermittent group repeated this work !:out ten tiJres

with five minutes of rest between everyskating !:Out. '!he heart rate
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results for the oontinuous group averaged 140 J:pn at the 12th minute,

slightly higher at the 26th minute and 150 J:pn at the 53rd minute. For

the intermittent group, the average heart rates after the 2nd, 4th and 9th

workl:outs, were 180 J:pn or greater at aU three measurerœnts.

M:)ntpetit, Binette and Taylor (1979), measured the heart rates of

eight university students during an intermittent hockey task. The

subjects had played varsity hockey or l:etter. The task was designed to

mimic a garre in that it took 27-30 seconds to a:rnplete once and was

perfonned. a seoond tirre after a 40 second break which oorresponded to a

stoppage in play. The subjects repeated this procedure four tirres, to

represent a period and theya:rnpleted t\\Cl IlOre periods, to depict playing

a full garre. The mean heart rate was approximately 171 J:pn. This is

higher than those heart rates reported by Seliger (1968) and Seliger et

al. (1972) for sintulated garre oonditions, yet 1= than the study by

Green (1978) for an intermittent skating experirrent. It would l:e

•

reasonable to assume that if MJntpetit et al. (1979) had his subjects

perform the 27-30 seoond driU twice with no rest in l:etween, the heart

rate results \\Cluld l:e higher and similiar to Green's (1978).

In a very recent study by Home, Wenger and wiley (unpublished),

heart rate was IlOnitored in eight interooUegiate hockey players during

both practices and a garre. During practice, the heart rate was equal or

greater than 90% of maximum heart rate for 22.8% of the practice, 80-89%

of HRmax for 33.6% of the practice tirre, and 70-79% of llRmax for 20.8% of

the practice. Approximately 56% of the practice tirre was spent at an

intensity greater than 80% of HRm9x. The pulse reoordings during the

games, resulted in significantly different values. Nearly 65% of the garre
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tiJTe was sp:nt at intensities equal to or greater than 80,/; of HRnn.x.

Based on a mean rrax:imum heart rate of 183 bpn for the study, 90,/; of HRnnx

= 164.7 bpn and 80,/; of !lRIrax = 146 bpll. 'Ihese values w::>uld tend to

reflect an intensity level of hc:ckey play =rrparable to that of 8eliger et

al. (1972). It is interesting to note that although Green (1978) recorded

mean heart rates in excess of 180 bpn for the intermittent skating

protocol, his subjects had an average max heart rate of 199 bpn. Horne et

al. (unpublished) and 8eliger et al. (1972) had study groups with an

average heart rate max of 183 and 184 respectively. 'Ihe difference in

heart rates between Green (1978) and the other tw::> investigations w::>uld

decrease if they are aU expressed as a rercent of HR max. HC1.'Iever, there

is stiU significant discrepancy am::ll1g these studies.

2.1 .2 Heart Rate Telerretry During lce Hockey Games

In 1974, Wilson and Hedberg IlOnitored the heart frequency of Sweclish

National hc:ckey players during three garres. 'Ihe average heart rate while

on the ice was 180 bpn. 'Ihe author's noted that the average heart rate

for the garre against the Soviet National team was higher than the three

garre average. In that garre, nearly every player on every shift, reached

their lTI3Xirnum heart rate level. Data published on one subject, Anders

Hedberg, revealed heart rate averages of 179, 183 and 173 bpn for the

three garres. 'Ihe peak average heart rates for the garres were resrectively

191, 197 and 187 bpn. 'Ihe average heart rates ranged fran 160 bpn for a

9 second shift to 192 bpn for a 129 second shift.
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SiJnilarily, Paterson, Cunningham, Penny, Lefcoe and sangal (1977)

found heart rate results that agree:l with Wilson and Hedberg's (1975) but

their subjects were 10 year old boys. Ccrrq;;etitive (n=14) and house-league

(n=14) hockey players had their heart rates rronitored during games. '!he

average heart rate on the ice was 182 J::pn (92.3% of HRmax.) and 187 J::pn

(94.7% of HRmax.) respectively for the groups. '!he mean peak intensity

was 190 J::pn for the =npetitive group and 198 J::pn for the house-league

group. '!he mean off-ice heart rate was 135 J::pn (68.4% HRmax) and 141 J::pn

(71.1% HRmax) respectively for the higher and lCMer skilled 10 year olds.

'!he 10 year olds in this study nearly reached their HRmax on every shift.

A later investigation by Paterson (1979) supp:>rted for his earlier

findings in young boys. 'Ihis time, heart rate teleœtry was used with

three groups of o:::mpetitive players ranging in age frou 10 to 15 years.

'!he mean on-ice heart rate was 90% or !l'Ore of HRmax. '!he mean peak on-ice

heart rate was equal ta or greater than 95% of HRmax and the bench heart

rate was l::etween 60 ta 75% HRmax.

Green, Bishop, Houston, Mckillop, Norman and Stothart (1976) had 10

university hockey players wear heart rate rronitors for 6 games ta assess

the time-!l'Otion characteristics and matching physiological changes that

oc= at the various player positions. '!he mean playing time heart rate

was 173 J::pn. Using the mean heart rate max of 195 J::pn for the group, 173

J::pn equates ta 89% of HRmax. Green, Daub, Painter and 'Ihanson (1978), did

a foll= up study, where they found the varsity players ta have a mean on­

ice heart rate equal ta 90% of HRmax. When the subjects were reocvering

on the bench, the heart rate seldan drc:JPb'Ed bel= 125 bpn•

Not only has there l::een heart rate rronitoring of exercise intensity
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of hcx::key players at the national, intercollegiate and y'Outh levels but

t-bntganery (1979) perfonre::l research on the intensity and duration of play

in adults (old timers). 'IWelve forwards having a mean age of 32 years

were IlOrlitored during various ald Timer hcckey games. The mean heart rate

over the various games was 160.8 bpn. The mean heart rate \~as 89% of

HRmax. This is practically identical to Green et al's results (1976). 'Ille

mean peak intensity for the shifts was 94.4% using the Karvonen methcd and

this \\Ould be higher if one simply divided the peak. heart rate by the

maximum heart rate. The average heart rate on the bench was 126 bpn 01"

70% of HRmax. These results are similar to the findings of Paterson's

(1979) with 10 to 15 year old boys and to Green et al (1976, 1(78) with

intercollegiate hockey players.

Recently, Davis (1991) teleretered heart rate on four lrel11bers of the

NHL calgary Flarres over a pericd of 5 games. The mean heart rate during

a shift was 168 bpn. The mean heart rates ranged fran 145 to 191 bpn.

Between shifts the mean heart rate was 120 bpn.

Mentioned previously was the Il'Onitoring of heart rates during

practices and games by Home et al. (unpublished). The varsity athletes

had heart rate intensities equal or greater than 90% HRmax ( > 164.7 bpn)

for 34.87% of their on-ioe play and had an intensity level of 80-89% HRmax

( > 146.7 bpn but < 164.7 bpn) for 30.2% of their play. Even though 65%

of the game was played at heart rates of 80% or greater. the researcher's

heart rate results are 1= than those of Paterson et al. (1977),

Paterson (1979), Green et al. (1976), Green et al. (1978) and t-bntganery

(1979) •

It is difficult to draw o:::rrparison to the study by Davis (1991) with
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the others, as the rœan maximum heart rate of the four NHL players, was

not given. A œrnparison with Wilson and Hedberg's research (1975) is

possible. Based on the data of Anders Hedberg, if ms mghest reoorded

heart rate, which was 204 bpn, is used as ms max heart rate, then the

average on-ice heart rate ""uld te 86.5% of HRmax. His average peak heart

rate ""uld te approximately 94%. These are slightly lower values than

Paterson et al. (1977), Paterson (1979), Green et al (1976), Green et al.

(1978) and l>bntganery (1979) but definitely in the sarre agreement group

with them.

2.1.3 Heart Rate Telemetry of Forwards versus r:efenœmen

A person who plays a ];Osition on a team sport may not elicit the

sarre heart rate intensity as another player playing a different ];osition

for the same sport. For example, Reilly and Thanas (1976) observed

variability in heart rates tetween soccer players who played different

positions. Whether or not ice hockey defencernen and forwards elicit

distinct or similiar heart rates has also J:een examined.

Based on the data collected by Green et al. (1976), differences were

noted in heart rates tetween defenœmen and forwards. The intercollegiate

forwards had an average heart rate of 10-15 bpn higher than the

defencernen. Yet in another study by Green et al (1978), there was no

discrepancy in the average on-ice heart rates tetween t"" varsit'y:forwards

and defenœmen.

Horne et al. (unpublished), found no significant variations in any
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of the heart frequency variables rœasured l:etloeet1 university fon,m:ds and

defencemen. Paterson (1979) rep::>rted similiar heart rate data diff81ence

l:etween foJ:Wards and defencemen, except for lùgher recovelY hec"lrt rate fOl"

the defensive J,X>sition.

Research is inconclusive as to \~hether differenœs in head rate

intensity oost l:etween foJ:Wards and defencemen.

2.2 Ti.Il'e-MJtion Analysis

'lb study the ti.ll'e-rrotion characteristics of a sp::>rt, a researCheL"

must define and measure the various 1TOVement cCll1p:ments that are involved

with the effective performance of the sp::>rt. 'ri.ll'e-notion studies, like

heart rate telemetry, are used to gain insight into the physical and

physiolcgical requirements of an activity. Different sp::>rts sllch as

soccer (Reilly & 'Ihcrnas, 1976, Mayhew & Wenger, 1985), hanclb:ù.l (Ale.'Œnder

& Boreskie, 1989), and rugby (Docherty, Wenger, & Neary, 1988) have l:een

analyzed fran a ti.ll'e-rrotion perspective. A l:etter understanding of the

ti.ll'e-notion canponents would allow the researcher to llI3k.e inferences aoout

the physiolcgical requirements of the game. Furtherrrore, it provides a

h.lSis for the developnent and prescription of training prcgranlS for the

sp::>rt •
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2.2.1 Tirne-l-btion Analysis During Ice Hockey Practices

Raret et al. (1978) recorded the various tirne notion characteristics

that oc=ed during a 60 minute practice. It was net specified whether

the subject was a university hockey player or an NHL aH-star. The first

three minutes of the practice were spent in easy skating ta warm-up, and

during the 3rd ta 8th minute, the player skated hard. Bositioning,

passing and sh=ting drills follœed for la minutes, then skating and

passing for four minutes, follœed by defensive drills that included

gliding, skating and stopping fran the 2200 ta the 35th minute of the

practiœ. The player then scrimnaged for 15 minutes. The last la minutes

=ntained a mixture of skills and drills with sone skating b>..ing

in=rporated as well. The investigators determined that only 20 minutes

of the one hour practice was spent skating despite the objectives of the

=ach who intended for the players ta skate for 45 minutes.

The actions of a hockey practice for inter=llegiate players were

broken c:bm into six. activities by Home et al. (unpublished). The

practice was categorized by the following activity:

•

Activity

standing

Gliding

Slcw Skating

Fast Skating

Sprinting

Puck Protection

Percent of Practice Tirne

41.8%

25.19%

15.7%

13.79%

2.7%

1.1%
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Fuck protection involves sustained physical oontact with another

player. 'Ihese time ITOtion results when =np3Ied to the athlete's pattern

of play in the games are very different. 'Ihe players stand and sprint

less during the games but glide, sl= skate, fast skate and protect the

puck much ITOre. If the intent of the ooaches was to mimic the actual game

then they were unsuocessful.

2.2.2 Time-l-btion Analysis During Ice Hockey G3Ires

'Ihoden and Jette (1975) studied the prq:ortion of time spent in

anaerobic or bursting activity, ooasting and l:ench time during three

junior hcckey games and one National Hockey League oontest. 'Ihe length of

the shifts for J:oth elite levels of hockey play averaged between 68-74

seoonds per period. 'Ihe juniors spent ITOre time per shift in anaerobic .
\\
"

•

bursting activity than the professionals (14 s/shift to 10 s/shift). 'Ihe

junior players averaged ITOre bursts per shift and longer average burst

times. 'Ihe aITOunt of ice time was roughly 350 seocnds for the two levels

of players for the first and seoond period. ~er the juniors had a

third period average of 420 seocnds of ice time while the NHL players had

a mean of only 330 seocnds of ice time., 'Ihe researchers SUllIllarized their
"

study by stating that the average player is on-ice for a 75-90 second

shift, a=unting to 5-7 minutes of ice time per period. This is divided
J'

into 5-6 shifts/period with 3-4 minutes of rest between shifts.

Wilson and Hedberg (1975) rreasured the shift lengths of Jl'eflb3rs of
1\

the Swedish National Team. 'Iheir subjects renain~~ the ice on average
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for atout 60 se=nds. 'Ihis is shorter than the shift ti.rres found on NHL

and junior players by 'Ihcden and Jette (1975). Only the data for one

player (Anders Heclberg) were published by Wilson and Heclberg. For the

three games that they ooserved this player, the average shift ti.rres were

59, 62 and 58 seconds respectively for each of the games. out of eight

pericds that were analyzed, the lavest average shift ti.rre for one pericx:i

for the player was 51 seconds and the highest was 68 seconds. 'Ihe average

ice ti.rre per pericx:i was 354 seconds calculated fran eight pericds of play.

'Ihis is in agreement with ice ti.rre per pericx:i results of 'Ihcden and Jette

(1975). 'Ihe range was 298 seconds to 444 seconds of ice ti.rre for one

pericx:i of hockey play. 'Ihe player never had less than five shifts in one

pericx:i and never rrore than eight. Anders Heclberg averaged slightly rrore

than six shifts/pericx:i.

In 1976, Green et al. performed ti.rre rrotion analysis on 10 members

of a varsity hockey team. 'Ihey found. the players to be playing on the ice

for an average of 24.5 minutes of a 60 minute game. 'Ihe subjects averaged

17 •4 shifts/game and their shifts/pericx:i ranged fran 4.5 to 7.3. 'Ihe

average length of the shift was 148 seooncls, which oonsisted of 85.4

seconds of uninterruptedcplay and 62.3 seconds of stoppage in play. 'Ihe

players had an average of 225 se=nds of reoovery ti.rre on the bench

between shifts. Green et al. (1976) also made note of the fact that the

playing ti.rre per shift, the playing ti.rre between stoppages and the ti.rre of

the play stoppages, all increased over the three pericds.

If one preSUl1'es that the elite players in 'Ihcx:ien and Jette (1975)

and Wilson and Heclberg's (1975) studies, played a 60 minute stop ti.rre

game, then we can c::c:mp3re ice ti.rre with Green et al. (1976). Beth 1975
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studies found the players to be working on the i...-e for an average of atout

i 7. 7 minutes whereas Green et al. (1976) reported that their group \~as

active on the ice for an average of 24.5 minutes per garre. Although

shifts/garre ~e siroiliar for the three studies, Green et al. (1976) found

interoollegiate hockey players to be performing on the ice 38% nore during

a garre than the other two studies. (Refer to Table 1).

Green et al (1978) also studied varsity hockey players to nleasure

glyoogen depletion during ice hockey play. The time-notion

characteristics of eight S1.1bjects I>.'ere reoorded. The players averaged 24

minutes of playing tiroe per 60 minute garre. They had an average of 7.4

shifts/period which translates into slightly nore than 22 shifts/game.

M:an playing tiroe per shift was 65.5 seconds with the individuals ranging

fran 56.7 s to 73.6 s/shift. stoppages lasted on average for 30 seoonds

and mean playing tiroe between whistles was 29 seoonds. The nean recovery

time between shifts was 241 seoonds with an individual range of 175 to 301

seconds of rea::Nery between shifts. Cmpared to the earlier report by

Green et al (1976), the players had shorter shifts, but J1.c,re of them.

This resulted in the players having virtually the sarre playing tiroe per

garre.

Time-notion analysis has also been used in youth hockey (Paterson et

al, 1977; Paterson, 1979). 'Iwo groups of 10 year old boys averaged 19

minutes of iœ tiroe and 23 minutes of bench tiroe during house-league and

canpetitive hockey garres (Paterson et al., 1977). In the next study,

Paterson (1979) eva1uated the play of these canpetitive groups averaging

10.7, 12.2 and 14.4 years. The duration of the garres were 30 minutes of

stop time for the two younger groups and 39 minutes for the oldest group.
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STUDY N Mean Mean Mean Mean Total Total Length Mean
shift playing stoppage number of tirne playing of time
time time/shift time/shift shifts per on ice time per game on the

game game bench

(s) (s) (s) (n) (min) (min) (min) (min)

Thoden & Jette 1975
- junior 68-74 15-18 18.7 60 3-4
- professional 16.7 stop

Wilson & Hedberg 60
1975 1 60 18.3 17.7 stop
- Anders Hedberg

Green et al. 1976 60
- university 10 148 85 62 17.4 43 24.5 stop 3.75

Green et al. 1978 60
- university 8 135 66 69 22.3 50 24 stop 4

Paterson et al. 1977
- competitive 14 19 45
- house-league 14 run

Paterson 1979 stop
- 10.7 years 19 103 8 13.7 30
- 12.2 years 28 89 8.5 12.5 30 3.8
- 14.4 years 22 94 10.5 16.2 39

Montgomery 1979 65
- t10 1dtimers U 12 230 139 91 7.8 29.9 18.9 run

Montpetit 1979
- midaet 201 92 109 10.4 34.8 15.9

Leger 1980
- midget 170 91 11.3 17.2 2.46
- junior 80 146 87 59 12.8 31.4 18.5 60 5.5

stop

Horne et al.
(unpublished) 8 111 47 64 20 37 15.8 60 5.17
- university stop

Table 2 1 Comparison of time-motion analysis studies



•

•

22

For all three groups, the average on-ice t:in'e per player was 42% of the

garre. '!he number of shifts per garre were 8.0, 8.5, and 10.5, respectively

for the three groups. Mean shift t:in'e was 102.6 s, 88.5 s, and 93.7 s,

respectively. '!he arrount of t:in'e between play stoppages averaged 40.5 s,

43.7 s, and 41.4 s, respectively. '!he average re=very time on the bendl

ranged frou 123 ta 130 seoonds.

lce hockey is also enjoyed by individuals further along the age

spectrum. M:mtgaœry (1979) carried out a research study on lOoldtiners"

that participated in a hockey league ta see if physiological demands of

the garre were significant enough ta iroprove aerobic fitness. '!he average

age of the lOoldtimerslO was 32 years. '!he mean anount of playing tine for

the 12 adults was 18.9 minutes/garre which totalled 29% of the 65 minute

running garre time. This correspcnds ta the percent of playing time per

garre reoorded by 'Ihoden and Jette (1975) and Wilson and Hedberg (1975).

'!he average time between play anounted ta nearly 11 minutes or 15.8% of

the garre.' '!he number of shifts/garre ranged frou 6 to 12 with 7.8

shifts/garre being the mean. '!he average shift time was 139 seooncls. 'Ihe

st0pp3.ges in play oocurred on average 3.5 tines per shift. '!he subjects

averaged close to 36 minutes on the bench which is slightly lIOre than 55%

of the garre. Hence, the oldt:in'ers were on the ice on average for 45% or

29 minutes of the garre.

MJntpetit et al. (1979) designed a simulated hockey task to rreasure

muscle glyoogen depletion. This test was developed fran a tine-motion

analysis investigation of hockey players in the Q..Iebec Amateur Hcckey

Association at the midget level (15-16 years old). '!he average nurrœr of

shifts/garre was 10.4. '!he qean shift time was 202 seccnds which included
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92 seconds of active tirre and 110 seconds of stoçpage in play. 'Ibtal ice

tirre was about 35 minutes of w1ùch 16 minutes =uld be playing tirre. Note

that ccmpared to the previous tirre-rrotion studies that rreasured the

average length of tirre for game stoçpages, only Green et al. (1978) and

l-bntpetit (1979) have found this measure to be longer than the active time

between whistles. I.ength of the game and time between shifts were not

rep:>rted.

One hundred and seventy midget hockey players were examined by Leger

(1980). Leger perfomed time-rrotion studies of hockey playon this group.

'!he mean ice time was 17.2 minutes. 'Ihis ice time =uld be divided up

into approximately 11.3 shifts/garre hence the average shift was about 91

seconds. 'Ihis 91 seconds includes I:x:>th active and inactive time on the

ice. Mean recovery time for the group was 147.5 seconds which is lower

than the university and adult hockey players (Green et al. 1976; 1978; and

l-bntgarery, 1979) but higher than their younger counterparts (Paterson,

1979).

Leger (1980) also investigated the rroverrent patterns of 80 junior

hockey players. '!hese players were on the ice longer than the midgets in

the saIre study, resulting in a mean shift time of 146 seconds. 'Ihis shift

included 87 seconds of active time and 59 seconds of on ice inactivity.,

Average shifts per game were 12.8. '!he SUffi of the shift times indicated

that the junior players were on the ice for 31.4 minutes and were active

for 18.5 minutes of this time. '!he mean recovery tirre between shifts was

greater than that rep:>rted by other time-rrotion studies. Leger found

these hockey players to rest for an average of 329 seconds between shifts,

which is nearly 5.5 minutes. 'Ihis is 88 seconds longer than the average
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bench t:ilœ of interoollegiate hockey players (Green et al., 1978) and over

3 nùnutes longer than I1Ùdget hockey players (Leger 1980).

Finally, the IrOSt recent t:ilœ-IrOtion study that has analyzed the

patterns of play for hockey was conducted by Horne et al. (unpublished).

Eight members of a varsity team were each observed during one entire gan1e.

These players averaged 20 shifts/game in anomal 60-nùnute, three pericd,

stop t:ilœ game. The mean shift t:ilœ was 111 se=nds of which 47 se=nds

was active t:ilœ and 64 se=nds was inactive on ice t:ilœ. Thus 57% of the

ath1ete's ice t:ilœ was not engaged in play. tobntpetit et al. (1979) and

Green et al. (1978) alse measured greater anounts of stopp:lge time than

active playing:t:ilœ. Playing t:ilœ averaged 15.77 nùnutes per galT1e or 26%

of the game and reflects the usage of four lines by the coach. Sinli.liar

to the re=very results of junior hockey players (Leger, 1980), these

university hockey players had a mean bench t:ilœ of 310 seconds or 5.17

nùnutes between each shift.

2.2.3 T:ilœ-M:::::ion Analysis of Fbrwards versus Dafencen1el1

Athletes that play a p::>sition in a team sp::>rt don't necessarily

perform the sarre activities that another player would at a different

p::>sition for the sarre sp::>rt. An offensiva lineman in football and the

punter are beth football players but it is obvious that their patterns of

play are very unique fran each other. The question of whether the t:ilœ

rrotion characterisics of a forward and a defenceman hockey player are

distinct, has alse been researched.
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In the study by 'Ihcden and Jette (1975), the junior forwards

averaged ab::>ut 80 seconds less ice t.ùne per pericd o:::mpared to the junior

defencemen. This translates into four rrore minutes of ice tiroe per game.

'!he defensive players at the professional ranks had 40 seconds !TOre ice

tirne than the professional forwards in one pericd and ab::>ut 150 seconds

!TOre ice t.ùne in another pericd. On average, the NHL forwards had ab::>ut

100 seconds less ice t.ùne per pericd than their defensive team mates.

Although the junior players had !TOre ice t.ùne o:::mpared to the pros, the

NHL defencemen averaged !TOre ice t.ùne than the junior forwards.

In Leger's (1980) study, the junior forwards averaged 30 minutes on

the ice of which 18 minutes was active and 12 minutes was ocnsumecl. by

stoppages in play. '!he defencemen were on the ioe for 32 minutes of the

garre which was 7.2% !TOre than the forwards. '!he defencemen had 19.4

minutes of playing t.ùne and 13 minutes of stoppage tiroe. '!he mean number
.~,,--

of shifts/game were 12.2 for the fomards and 13.7 for the defencemen.,

'!he average shift length, playing t.ùne and stoppage tiroe per shift were

only 4% higher for the defencemen. Mean recovery tiroe for the defencemen

was 297 seconds which was 12% less t.ùne on the bench than the forwards.

In the same study by Leger, a very different pattern of play ernerges

between the two pcsitions for the midget hockey players. '!he average

rnidget defencemen was on the ice for 117.6 seconds, off the ioe for 129.4

seconds and this =ed over 11 shifts during the game. '!he rnidget

forward averaged 79.4 seconds of ioe tiroe per shift, reocvered on the

bench for 159 seconœ and rep:ated this 11.4 t.ùnes during the game. The

rnidget defencemen averaged 32% !TOre t.ùne per shift, 18.5% less reoovery

tirne and had virtually the same number of shifts/game as the forwards.

1
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The big differences in p3.tterns of play betl,'8eI1 the junior and nùdget

forwards and defencemen cao partially be e.-:plained by the muno"r of

forward lines and defensive pairs for the tI,'Q groups. 'Ihe junior teams

that were sanpled had an average of 3.3 fOJ:\'1&d lines and 3.1 defensive

pairs. The l1Ù.dget teams had 3.0 foJ:\'1&d lines and 2.1 defensive pairs.

Time rrotion characteristics of youth players on a team using three

forward lines and b-.'O sets of defencemen \vere analyzed (Paterson, 1979).

The defence played on average 50% of the game and the forwards had a mean

game time of 35%. The defencemen had rrore shifts than the forwards as

\vell as a decreased recovery time on the bench =npared to their offensive

team mates. This was ocntrary to a previous time-notion study on

ccrnpetitive and house-league players by Paterson et al. (1977), in that

the forwards and detencemen had similar time-notion characteristics.

Green and oclleagues (1976, 1978) have cbserved time-notion

characteristics of university players in tl-.'O studies. A C01lp:lrison of the

findings fran these studies is presented in Table 2. It appears that the

tl-.'O teams that were cbserved by Green et al. (1976, 1978) used three

forward lines and tl-.'O pairs of defencemen. The results of the recent

study by Home et al. (unpublished) reveals a shorter playing time per

shift, a greater anount of time on the bench between shifts, and a

decreased anount of playing time per game =npared to Green et al. (1976,

1978). It would appear that the team cbserved by Home et al. used four

forward lines and three or rrore pairs of defencemen.
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Table 2.2 Comparison of time-motion characteristics of forward and defencemen in university

hockey

Mean Mean Mean Mean Total Total Length Mean
STUDY n shift playing stoppag number time playing of time

time time/ time/ of on ice time/ game on the
.shift shift shifts/ game bench,

game
(s) (s) (s) (#) (min) (min) (min) (min)

Green et al.
1976

- Forwards 7 146 88 58 15.6 40 22.9 60 4.3
stop

- Defencemen 3 147 81 66 20.7 50 28 2.7

Green et al.
1978

- Forwards 3 116 58 58 20.2 39 19.2 60 4.9
stop

- Defencemen 3 152 73 79 24.3 62 28.7 3.15

Horne et al.
unpublished

- Forwards 5 109 46 64 20.4 37 15.5 5.1
60

- Defencemen 3 114 50 63 19.3 37 16.2 stop 5.4
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Thcden and Jette (1975) stated that the average hockey player was on

the ice for 75-90 seconds par shift. Green et al. (1976) reported that

the typical shift, averaged 85 seconds of playing time for oollege hockey

players. It appears that Green thought scrnewhat differently later as he

claimed that

"wide differences exist in the charcteristics of
each shift shift durations are l:Sually
between 30 and 120 s within the oontinuous
play time of each shift segment, lTOVement
patterns are not only highly variable but range
oonsiderably in intensity." (Green, 1987)

In the review article "The Physiology of Ice Hockey" (t-bntgal'ery,

1988), it was stated that

"although detailed study of time-notion
characteristics of play are published, it is time
to once again re-examine the pattern of play
since shift duration is nChl shorter and intensity
of play is higher nost elite teams
ncw utilise 4 units with a playing time of about
40 seconds par shift."

t-bntgcrnery's statement strengthens the notion that another study of

ice hockey intensity and time-notion characteristics is necessary ta

examine hockey play in 1995.
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Chapter 3

M=t:h:ds and P:roœdl1res

3.1 SUbjects

Six male hockey players, three forwards and three defencemen, frou

the McGill University hockey tearn participated in the study. 'lbe players

were œtween the ages of 19-23 years. 'Ibis group of players was selected

since they play the regulation three, 20 minute stop ti.Ire pericds. All

the players were on the regular rester and they could expect a reasonable

arrount of playing t.i.me.

3.2 TreatIœnt of SUbjects

Prior to testing, the subjects signed a consent form which confirmed

their acceptance to participate in the study and indicated their

understanding of the requirements involved for the study. 'lbe subjects'

age, weight, and height were recorded b=fore the start of data collection.

'lbe subjects' maximum heart rate was taken as the peak heart rate achieved

in a practice, garne or cycle ergcmeter VD2max test performed during the

season.

Data were collected for three garnes and four practices on each

hockey player during the rronths of January and February. Players were

notified in advance of the practices and garnes when they were wearing the
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heart rate rronitor. Data ooLÙd not J:e col1ecterl on nore than tlll:œ

players simultaneously, due ta equipnent and nBnp:wer restrai.nts. Prior

to stepping on the ice, the researcher attacherl the heart rate nonitor and

transmitter to the subject in the dressing rCOll. 'Ihe transmitter \~as

securerl by wrapping a tensor bandage around the Ixdy of the individual and

securerl with a safety pin. '!he heart rate rronitor was \\Dm around the

player's wrist. Just before the player stepped onto the ice, the wrist

rronitor was turnerl on to begin recording the heart rate. At the 5<"111112 tinle

the heart rate rronitor was activaterl, a stop watch was also starterl. 'Ihe

player was not given any further instructions other than to go out and

play or praetice as they normally do. After bath the heart rate nonitor

and the stop watch were turned on, there was no contact with the player

until he stepped off the iœ at the end of a practice or game. Once in

the dressing ro:::rn, the recording of heart rate was stopped and the

transmitter and rronitor were renoved fran the player. '!he heart rate data

were stored on the canputer for later analysis.

3.3 Measureœnt Techniques

3.3.1 T.i.me-l-btion Analysis

COllection of t:i.me-rrotion data was performed for three gan1eS and

four practiœs on each subject. Fbr practiœs, the rroverœnt p:lttems of

the player were classified as J:eing one of four conditions;
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Condition Abbreviation

Eench tiIre P1

IoN velc:city skating P2

High velc:city skating P3

Other P4

During practices, the first recording of a lTOVement cc=red no rrore

than 15 seconds after the player stepped on the ice. For garres, the first

tiJre-rrotion recording =red at the drop of the puck at the opening

face-off. The last tiJre-rrotion data for a session was recorded when the

player left the ice at the end of a practice or garre. When the player

left the ice or bench at the end of the first or second perio::'l of play in

a garre, the =npiling of tiJre-rrotion data was stopp:d until the cpening

face-off of the next pe.cio::'l.

Each hcckey player was cbserved by one person. The tiJre-rrotion

results were recorded on a designed data sheet (see Appendix 1). The

rrovement condition and the tiIre of c:c=rence were recorded on the data

sheet. Every tiJre the player changed conditions, the recorder made note

,of toth the tiJre and subsequent condition. The tiJre of the conditiôn for

a subject was measured by a stop watch that was previously and

simultaneously started with the heart rate rronitor for that individual

subject. The stop watch remained running for the entire testing session,
"

•
thus the running tiJre was noted each tiIre the rrovement conditionchanged.

The tiJre of one recorded condition was the difference in running tiJre é

between that condition and the beginning of ahother.

Due to the skill needed to record the various tiJre-rrotion lTOVements
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of a player during practice, all the data col1ectors watched a video of a

practice to cerne to a concensus on the four conditions, prin\3X'ily the

difference l::etween lew velœity skating and high velœity skating. 'lb

eI"sure observer objectivity, the researcher and the assistants re<,.'Olùed

time-rrotion data on the same player during a practice for an hour and the

assistants results were checked against that of the researcher's. 1\11

observers needed to rratch 90% or œtter the results of the e.'Xf€rt before

they could collect time-rrotion data. As a check on the data col1ectOl:"S,

the researcher randcmly ccded the tirne-rrotion of one of the players l:eing

observed. at a practice and checked the assistants results against his. If

any results were l::elew 90% agreement, they were rejected.

statistically reliable time-rrotion data col1ected during practic:es, the

arrount of tiJre that the four conditions occurred was calculated for each

player for al1 four practices.

Fbr games, the lTOVernent p3.tterns of thè player were classified as

being one of three conditions;

COndition Abbreviation

f' Bench time G1'tl
)1

P1aying time G2-"
Stq;;p3.ge time G3

Fran the ti.rre-rrotion data ccmpiled during games, the arrount of time

•
for the three game conditions was sumned. Using the game data for each

p1ayer, the f011cwing variables were calculated: mean nUflÙ:er of shifts r..er

. game, mean playing ti.rre per shift, mean playing tiJre for the game, rrean
,

,- .
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steppage tirre per slùft, total tirre the player was en the ice, rrean

reo::Nery tirre on the bench between slùfts and total tirre to play the game.

'Ihe tirre-notion results of this study were a::xrq;ared to the results of

earlier tirre-notion hockey studies. Tirre-notion results were also

a::xrq;ared between forwards and defencemen.

3.3.2 Heart Rate Teleœtry

Heart rate was rreasured with the B:llar Vantage XL rronitor m3.de by

B:llar CIC Inc. It is the equivalent of t.1-Je PE 3000 Sport Tester m3.de by

it's allied counterpart B:llar Electro Ltd. 'Ihe ac=acy and reliability

of the FE 3000 Sport tester has been previously validated (Burke, &

Whelan, 1987; MacFarlane, Fogarty, & Hopkins, 1989).

'Ihe heart rate nonitor was put on the subjects inside the dressing

ro::m before the practice or game. 'Ihe .transmitter was secured by an

elastic strap which fit around the player's torso at the level of the

xiphoid process. 'lb ensure that the transmitter would stay in place

during a hockey game, it was wrapped with a tensor bandage. 'Ihe heart

rate nonitor, l'Oro like a watch around the wrist, was progranmed to store

the beats per minute every 15 seconds. 'Ihe nonitor was activated after

the player. left the dressing rcx:m but before he ste[:peè. ento the ice. At

the end of the practice or game, the researcher stopped the heart rate

nonitor fran recording further and rerroved bath transmitter and rronitor

fran the player. 'Ihe data were saved in a canputer file .

Once in the laboratory, the data file was dCMnloaded fran the
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IlOIÙtor into a o:mputer using the :E\:)lar CcI1l;luter Interface prcgram. The

heart rate data o::rnpiled during a practice was analY-L:ed and '.:he m:an heart

rate intensity and the time spent at relative percentages of HRma., "",re

calculated for each player. 'Ihe variability of heart rate resp:)nse

between practices for each individual player was detennined. Mean playing

time intensity, mean heart rate intensity on the l:ench, mean peak heart

rate intensity and the time spent at relative percentages of HRna, \Vere

calculated for each player during garres. 'Ihese results were =npared to

previous heart rate results on hockey players. 'Ihe variability of heart

rates between garres and practices as \Vell as forwards and defencemen \Vere

analyzed.

3.4 Treatmentof Data

For the six subjects as weU as the forwards and defencemen. means

and standard deviations were calculated for age, height, weight and HRmax

Data were presented for three garres and four practices. 'Ihe means

of the time-Il1Otion characteristics, heart rates and intensitins were

calculated. Means were calculated for forwards and defencemen and for

single garre and practices. 'Ihe final average and standard deviation of

the measured variables represents a mean and standard deviation of the

entire data set for aU garres and practices. It is net an average of

three garre means or four practice means .
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'Ihe statistica1 treabnent of the data is outlined in Table 3. A

criterion level of prcbability of 0.05 or less was selected as the level

where significance existed between the different data sets. 'Ihe

statistica1 analyses were perfomed on a Apple MacIntosh o:rnputer using

Systat version 5.2.

Table 3.1 Statistica1 analysis

Hypothesis Statistica1 Test

1 t test for i.ndependent sanTflles

2 t test for independent sanTflles

3 Onewayl'rolA

4 Onewayl'rolA

5 One way l'roIA

6 One way l'roIA
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Olapter 4

RE:SULTS

4.1 Descriptive Data

The age, height, wei.ght and maximum heart rate of the six hcx::key

players are presented in table 4.1. The defencerren l'lere slightly older

and taller than the forwards and had 1= maximum heart rates.

Table 4.1 Physical characteristics of the subjects.

Variable Age Height Weight HRm3x
(yr) (an) (kg) (bpn)

Fbrwaràs "-

1 21 177 .8 74.1 216

2 21 175.3 81.8 203

3 22 172.7 82.3 195

Defence
1 23 177.8 80.5 197

2 22 185.4 84.1 194

3 23 177 .8 80.0 196

Il
M:an 22 177.8 80.5 200

S.D. 1 3.9 3.1 8
C'



•

•

37

4.2 Time motion analysis of games and practices

The time-motion results for games are presented in

table 4.2. The average number of shifts per game was 17.8

with the defencemen having more shifts than the forwards

(19.7 to 15.9) and more playing time per shift (66.05 to

58.55). The mean playing time per game for the group was

18.6 minutes and the average time on the bench between

shifts was 237.45 . The defencemen averaged 21.6 minutes of

playing time per game compared to 15.5 minutes for the

forwards and were on the bench for much less time than the

forwards (192.55 to 282.25).

The results of the time-motion data collected during

practices are presented in table 4.3. The average length of

a practice was 70.4 minutes. The hockey players skated at a

low velocity for approximately 59.4 minutes of the total

practice time. Thus 84% of the practice was performed at a

low skating velocity. High velocity skating occured on

average for only 1.8 minutes of the practice. The players

spent an average of 8.6 minutes on the bench with the

forwards (11.0 min.) spending roughly twice as much time on

the bench as the defencemen (6.2 min.). Players fighting

for the puck, position or each other accounted for only 0.6

minutes of a practice .
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Table 4.2 T:irre-lTOtion characteristics during games.

Variable G3me 1 G:ure 2 G3me 3 X ± Std

Average shifts/game (#)
Forwards 15.7 16.0 16.0 15.9 ± 3.7

Defence 19.3 17.3 22.3 19.7 ± 2.1

'Ibtal 17 .5 16.7 19.2 17.8 ± 4.0

Mean playing t:irre/shift Cs)
Forwards 58.5 57.2 59.7 58.5 ± 5.5

Defence 63.9 67.7 66.2 66.0 ± 7.5

'Ibtal 61.2 62.5 63.0 62.3 ± 7.7

Mean playing t:irre/game (nùn)
Forwards 15.5 14.9 16.0 15.5 ± 3.9

Defence 20.5 19.6 24.7 21.6 ± 4.2

'Ibtal 18.0 17.3 20.4 18.6 ± 5.1

Average bench t:irre/shift (5)
Forwards 262.9 284.2 299.5 282.2 ± 85.9

Defence 198.9 219.6 159.0 192.5 ± 43.6

'Ibtal 230.9 251.9 229.3 237.4 ± 80.0

Mean stoppages/shift (#)
Forwards 1.7 1.3 1.6 1.5 ± 0.3

Defence 1.8 1.9 1.7 1.8 ± 0.3

'Ibtal 1.8 1.6 1.7 1.7 ± 0.3

Mean stoppage t:irre Cs)
Forwards 29.2 29.3 32.1 30.2 ± 4.5

Defence 33.1 35.3 32.5 33.6 ± 2.2

'Ibtal 31.2 32.3 32.3 31.9 ± 4.0

•
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Table 4.3 TiIœ-llOtion characteristics during practices.

Practice Il Practice 1 Practice 2 Practice 3 Practice 4 X ± s. D.

'Ibtal tilre (min)
Bench TiIœ

l'brwaros 13.5 11.6 8.5 10.5 11.0 ± 9.1
Defence 9.7 2.1 5.3 7.5 6.2 ± 3.8
'Ibtal 11.6 6.9 6.9 9.0 8.6 ± 7.2

IJ:M velcx:ity skating
l'brwaros 69.2 53.4 55.8 54.8 58.3 ± 13.4
Defence 78.1 57.3 47.3 58.9 60.4 ± 11.1
'Ibtal 73.7 55.4 51.6 56.9 59.4 ± 14.7

High velcx:ity skating
l'brwaros 3.3 1.7 0.9 1.1 1.8± 1.2
Defence 2.7 1.1 1.8 1.0 1.7± 1.2
'Ibtal 3.0 1.4 1.4 1•1 1.8 ± 1.2

other
l'brwaros 0.2 0.2 0.1 0.6 0.3 ± 0.2
Defence 1.1 1.1 0.3 0.8 0.8 ± 0.7
'Ibtal 0.7 0.7 0.2 0.7 0.6 ± 0.6

'Ibtal TiIœ
(min) 89.0 64.4 60.1 67.7 70.4 ± 17.1

W
ID
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4.3 Heart rate intensity of games and practices

The heart rates and percent intensity during the games

are found in table 4.4 and table 4.5. The mean heart rate

for the group of hockey players while playing on the ice was

165.6 bpm which translates inte. an intensity of 82.5% HRmax.

The mean heart rate measured during stoppage time was nearly

as high as that measured for playing time. During stoppage

time the mean heart rate was 161.5 bpm or approximately

80.5% of HRmax. The average heart rate for the players while

on the bench was 138.5 bpm. This results in a bench time

intensityof 69.1% of HRmax.

The heart rates and percent intensities for the

practices are illustrated in table 4.6 and table 4.7. The

highest mean heart rate occured while the players were

fighting for puck, position or each other (145.6 bpm).

This equals an intensity of 72.7% HRmax. This was virtually

the same intensity found for high velocity skating which had

a mean intensity of 72.3% HRmax. Most of the practice

consisted of low velocity skating which produced a mean

heart rate of 136 bpm (68.4% HRmax). The lowest intensity

recorded was while the players were on the bench (60.G% of

max HR).

A comparison between practices and games for the total

minutes on-ice and at an intensity ~ 70% HRmax is presented

in table 4.8. During games, the players spent an average of
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34.8 minutes on the ice. This ice time was nearly doubled

during practices as they were on the ice for a mean of 61.7

minutes. Of the 34.8 minutes of ice time during games, 29.4

minutes (84.5% of the time) were performed at an intensity

that was L 70% the players' HRmax. During practices, the

players spent 28.0 minutes at an intensity that was L 70%

HRmax. This amounted to 45.4% of the practice time .
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Table 4.4 Heart rate (l:pn) during games.

GaIne # Garre 1 Garre 2 GaIne 3 X ± s. D.

Bench tiIre (G1)
Forwards 140.8 137.0 135.7 137.8±10.1

Defence 136.3 134.1 146.8 139.1 ± 7.5

Total 138.6 135.6 141.3 138.5 ± 8.9

Playing tiIre (G2)
Forwards 170.5 169.2 167.7 169.1 ± 4.3

I:efence 161.3 161.3 163.6 162.1 ± 5.6

Total 165.9 165.3 165.7 165.6 ± 5.8

stoppage tiIre (G3)
Forwards 167.8 ·164.8 161.6 164.7 :~ 8.8

Defence 157.4 155.8 161.6 158.3 ± 10.1

Total 162.6 160.3 161.6 161.5 ± 10.6

On-ice (G2+G3)
Forwards 169.3 167.0 164.9 167.1 ± 6.3

I:efence 159.5 158.6 164.1 160.7 ± 4.2

Total 164.4· 162.8 164.5 163.9 ± 5.7

•



• 43

Table 4.5 Percent intensity (%HRm3x) during garres

Garre fi Garre 1 Garre 2 Garre 3 X ± S. D.

Bench tirre (Gl )
Forwards 68.9 67.1 65.1 67.0 ± 6.3

Defencemen 69.7 68.6 75.0 71.1 ± 4.2

'lbtal 69.3 67.9 70.1 69.1 ± 5.7

Playing tirre (G2)
Fbrwards 83.4 82.8 80.2 82.1 ± 4.2

Defencemen 82.4 82.5 83.6 82.8 ± 2.6

'lbtal 82.9 82.7 81.9 82.5 ± 3.5

Stq;:page tirre (G3)
Fbrwards 82.1 80.7 77.3 80.0 ± 5.2

Defencemen 80.4 79.6 82.6 80.9 ± 2.8

'lbtal 81.3 80.2 80.0 80.5±4.1

On-ice (G2+G3)
Fbrwards 82.7 81.6 80.6 81.6 ± 0.9

Defence 81.5 81.0 83.9 82.1 ± 1.3

'lbtal 82.1 81.3 82.3 81.9 ± 0.4

•
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Table 4.6 Heart rate (J:::pn) during practices.

Practice fi Practice 1 Practice 2 Practice 3 Practice 4 X ± s. D.

Bench tiJre (P1)
Ebrwards 126.9 135.5 117.0 126.8 126.6 ± 6.5
I:efence 110.9 131.3 110.1 111.4 115.9 ± 8.9
'lbtal 118.9 133.4 113.6 119.1 121 .3 ± 7.4

I.<:M velccity skating (P2)
Ebrwards 135.0 146.0 139.9 138.9 140.0 ± 3.9
I:efence 130.9 145.0 125.9 125.9 131.9 ± 7.8
'lbtal 133.0 145.5 132.9 132.4 136.0 ± 5.5

High velccity skating (P3)
Ebrw-ards 141.6 148.5 147.5 150.4 147.0 ± 3.3
Defence 148.6 151.0 135.2 133.5 142.1 ± 7.8
'lbtal 145.1 149.8 141.4 142.0 144.6 ± 3.3

other (P4)
Ebrwards 156.7 163.7 160.8 131. 7 153.2±12.7
I:efence 134.1 153.2 131 .1 133.0 137.9 ± 8.9
'lbtal 145.4 158.5 146.0 132.4 145.6 ± 9.2

On-ice (P2+P3+P4)
Ebrwards 135.3 146.2 140.0 139.0 140.1 ± 3.9
Defenceren 131.6 145.2 126.3 126.1 132.3 ± 7.8
'lbtal 133.5 145.7 133.2 132.6 136.2 ± 5.5
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Table 4.7 Percent intensity (% HRm3X) àuring practices.

Practice # Practice 1 Practice 2 Practice 3 Practice 4 X ± s. D.

Bench tilre (p1)
Fornards 62.0 66.2 57.2 '52.0 61.9 ± 11. 1
Defence 56.7 67.1 56.3 56.9 59.2 ± 8.3
'lbtal 59.4 66.7 56.8 59.5 60.6 ± 9.9

I1:M velocity skating (P2)
Fornards 66.0 71.3 70.3 69.8 69.4 ± 6.6
Defence 66.9 74.1 64.3 64.3 67.4 ± 4.8
'lbtal 66 ,,>' 72.7 67.3 67.1 68.4 ± 5.8••,i,

High velocity skating (P3)
Forwards 69.2 72.6 74.1 75.6 72.9 ± 5.7
Defence 75.9 77.2 69.1 68.2 72.6 ± 6.4
'lbtal 72.6 74.9 71.6 71.9 72.3 ± 6.1

ether (P4)
Fornards 76.6 80.0 78.6 64.3 74.9 ± 9.5
Defence' 68.5 78.3 67.0 68.0 70.5 ± 6.1
'lbtal 72.6 79.2 72.8 66.2 72.7 ± 8.1

On-ice (P2+P3+P4)
Fornards 66.3 71.7 70.4 70.0 69.6 ± 6.6
Defencaren 67.2 74.2 64.5 64.4 67.6 ± 4.8
'lbtal 66.8 73.0 67.5 67.2 68.6 ± 5.7

,1 "--::;/ i
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Table 4.8 . Comparison between practices and games for the total minutes on-ice and at

an intensity ~ 70% HRmax.

l?ractice/Game 1 2 3 4 X ± S.D.

Games
Total time (min)

Forwaràs 28.6 25.7 29.7 28.0 ± 8.8

Defencemen 39.5 39.4 45.5 41.5 ± 9.2

Total 34.1 32.6 37.6 34.8 ± 11.3

~ 70% HR max (min)
Forwaràs 22.1 19.5 24.5 22.0 ± 5.5

Defencemen( 33.2 35.6 41.7 36.8 ± 8.9
.'\

Total - 27.7 27.6 33.1 29.4 ± 12.2

Practices
Total time (min)

Forwards 72.7 55.3 56.8 56.4 60.3 ± 14 . 1

Defencemen 82.4 59.4 49.4 60.7 63.0 ± 16.5

." 77.6 57.4 53. 1 58.6 61. 7 15. 5Total ±

~ 70% HR max (min)
Fon~ards 24.5 25.3 32.4 29.8 28.0 ~ 8.3

Defencemen 36.3 31.7 24.8 18.9 27.9 ~ 15.6

',! Total 30.4 28.5 28.6 24.4 28.0 - 12.8
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4.4 Comparison of results with Green et al. (1976)

The results from the comparison of studies are

presented in table 4.9. An Independant Samples t Test for

the difference between two means was used to de termine

whether there was significance between results of this study

and Green et al.'s (1976). Playing time per shift (62.45 to

85.45) and playing time per game (18.6 min to 24.5 min) were

significantly different for the two studies (p < 0.01). No

significance was found between the bench time per shift for

the two separate player groups (237.45 to 225.05) where

p > 0.05. Playing time heart rate (165.6 bpm to 173.0 bpm)

was significantly different between the studies (p < 0.05)

with the playing time heart rate measured by Green et al.

(1976) being significantly higher.

1.

"i
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Comparison of time-motion characteristics and heart
rate between Green et al. (1976) and tllis study.

Variable Mean Std t test Probabili ty

Playing time/shift(s)

Green et al.

This study

Bench time/shift(s)

Green et al.

This study

85.4

62.3

225.0

237.4

3.1

7.7

25.0

82.4

8.80 P < 0.01

0.47 P >0.05

Playing time/game(min)

Green et al.

This study

24.5

18.6

1.4

5.1
3.59 p ~ 0.01

Playing time HR(bpm)

•

Green et al.

This study

173.0

165.6

5.3

5.8
3.30 P < 0.01
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4.5 Comparison of forwards and defencemen

The results of a one way analysis of variance between

forwards and defencemen are summarized in table 4.10. Both

playing time per shift (66.05 to 58.35) and playing time per

game (21.6 min to 15.4 min) were significantly greater for

defencemen where p < 0.05. Forwards spent significantly

more time on the bench between shifts (280.05 to 192.55,

p < 0.01). The playing time intensity between forwards and

defencemen was similiar (82.1% of HRmax to 82.8% of HRmax).

No significant difference was found between the two

positions in playing time intensity (p > 0.05).

4.4 Comparison of practices and games

Measurements of intensity were collected on each player

for three games and four practices. The results of a one

way analysis of variance between practices and games is

presented in table 4.11. The on-ice intensity during games

(81% of HRmax) was significantly higher than practices

(68.6% of HRmax). This is reflected in the high F value of

22.3. When intensity was measur-ed in terms of the number of

minutes that the player spent at or above 70% of HRmax, no

significant difference was found between practices and

games, where p > 0.05.
, ,
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ANOVA of time-motion characteristics and percent
intensity between forwards (F) and defencemen (D).

Source of variance

Playing time/shift

SS df MS F p

(F vs D)

Error

Bench time/shift

(F vs D)

Error

Playing time/game

249.1

746.8

32444.3

76213.6

15

1

15

249.1

49.8

32444.3

5080.9

5.0 0.04*

6.4 0.02*-

1 583910.7(F vs D)

Error

% Intensity

(F vs Dl

Error

583910.7

1013151.7

0.0

0.0

15

1

15

67543.4

0.0

0.0

8.6 0.01*

0.2 0.63

•

* significant at the 0.05 level
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Table 4.11 ANOVA between practices (P) and games (G) for on-
ice intensity and total minutes at an intensity
L 70% HRmax.

Source of variance SS df MS F P

Intensity

(P vs G) 1719.3 1 1719.3
22.3 P < 0.01

Error 2853.6 37 77.1

Intensity L 70% HRmax

•

(P vs G)

Error

43.6

6143.4

1

37

43.6

166.0
0.3 P > 0.05
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Chapter 5

Discussion

5.1 Descriptive data

The average weight of the group in this study was

80.5 kg which was heavier than the players evaluated by

Green et al. (1976, 1978). The recent study by Horne et al.

(unpublished) had subjects whose average weight was 83.8 kg.

The players' average height was 177.8 cm which was slightly

taller than the players in Green et al.'s (1976) study but

lower than the mean height (184 cm) of Horne et al.'s study

(unpublished). The physical characteristics of the hockey

players support the notion that hockey players are bigger

today than they were in the pasto

The mean age of the university hockey players in this

study was 22 years old which was similiar to the reports

from Green et al. (1976, 1978) and Horne et al.

(unpublished) .

The mean HRmax of the group was 200 bpm. This is

similiar to the 195 HRmax measured by Green et al. (1976)

and the 199 HRmax obtained by Green et al. (1978) for two

university hockey teams. The average maximum heart rate

reported by Horne et al. (unpublished) was 182.8 bpm for a

group of eight players with a mean age of 23 years.
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5.2 Comparison of heart rate intensities.

The first hypothesis stated that the mean playing time

intensity during games is higher for today's university

hockey player than that measured by Green et al. (1976).

With an average HR of 165.6 bpm and mean intensity of 82.5%

HRmax for this study, playing time intensity was

significancly lower than the average of 173 bpm and 88.7% of

HRmay ~y Green et al. (1976). The duration of the shift may

explain these findings. There was a significant diff~rence

in the duration of the shift. The shorter duration of the

shift in this study (62.3s) compared to Green et al. (85.4s)

probably contributed to a lower heart rate. In this study,

;', it was observed that if the player was on for a longer-"-;-. :

shift, then heart rate was higher.

Playing time per shift for youths (Paterson et al.,

1977; Paterson, 1979) and for "oldtimers" (Montgomery,

1979), is longer and may explain the higher intensity during

playing time for these studies. Two studies have reported

high heart rates when the playing time per shift was 60 to

66s. Green et al. (1978) reported the mean heart rate at

90% of HRmax for university hockey players with a playing

time per shift of 66s. A case study of Anders Hedberg

during three international games has been reported by Wilson

and Hedberg, (1975). Heart rate averaged 86.5% of HRmax with

playing time per shift approximately 60s.
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5.3 Comparisons of time-motion characteristics.

The second hypothesis stated that playing tiIne per

shift, playing time per gaIne and bench Ume between shifts

are significantly different than the results of Green et al.

(1976). As predicted, both playing time per shi.ft and

playing time per game were significantly less than the

university hockey players observed by Green et al. (1976).

Bench time between shifts was not significantly different

from Green et al. (1976). The players in Green et al.'s

(1976) study were on the ice for longer shifts. Thus, the

forward lines and defensive pair(s) on the bench waited

longer for a line change, even though there were probably

fewer players rotating into the game compared to this study.

Nevertheless, with coaches changing lines more frequently

and elite teams having four forwardloines and three pairs of

defencemen sharing the playing time, one would expect

different time-motion characteristics compared to a team

that has only three forward Iines and two pairs of

defencemen.

The 18.6 min of playing time averaged by the hockey

players in this study was similiar to the 17.7 min averaged

by Anders Hedberg (1975), the 18.7 min for juniors and 16.7

for professionals (Thoden and Jette, 1975) and higher than

the 15.8 min reported by Horne et al. (unpublished). For aloI

studies, the games were three 20 minute stop time periods.



•

•

55

Other than the results of Horne et al. (unpublished), it is

unknown whether these past results reflect the nurnber of

players on the team or the individuals that were monitored

(forward/defencemen getting more or less of a regular

shift) .

An average bench time between shifts of approximately

four minutes (237.4s) for this study was similiar to the

results of Thoden and Jette (1975) and Green et al. (1978).

It was more than a minute less than the players spent on the

bench in Horne et al.'s study (unpublished).

It is difficult to compare the time-motion results with

previous studies whose players did not play a 60 minute stop

time game. However, if the 30 minute and 39 minute stop

time games (Paterson, 1979) are projected for 60 minutes,

theplaying time per game would be 27. 4 min, 25.0 min and_i i

24.9 min for the three youth groups.

5.4 Heart rate intensity of forwards versus defencemen.

The third hypothesisstated that forwards and
,";"

defencemen do not differ '~igI):!'ficantly in intensity during
..;~.J.,.\~c- .

playing time. Similiar heart rate intensity (82.1% HRmax to

82.8% HRmax) occurred for the different player positions.

This is in agreement with Green et al. (1978) and Horne et

al. (unpublished) whereby forwards and defencemen in
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university hockey were similiar in playing time intensity.

Although sorne team sports may have a player in one position

playing at a higher intensity than another position. ice

hockey players at the forward and defenceman perfol'm at the

same heart rate intensity (Green et al. 1976. 1978;

Paterson, 1979; Horne et al., unpublished).

5.5 Time-motion analysis of forwards versus defencemen.

The fourth hypothesis stated that forwards and

defencemen differ significantly in playing time pel' shift.

playing time pel' gaL.:! and bench Ume between shifts.

Significance was measured between forwards and defencemen

for all three time-motion charactel'istics. The forwal'ds had

less playing time pel' shift, less playing time pel' game and

more bench time between shifts compared to the defencemen.

Having four forward units sharing 60 minutes of playing time

and only three defensive units sharing the same amount of

playing time, it is logical that the defensemen would play

more of the game. As predicted, the defencemen achieved

more playing time pel' game by having more playing time pel'

shift (66~Os to 58.55), more shifts pel' game (19.7 to 15.9)

and less time between shifts (192.55 to 282.25).

These three time-motion results are similiar to those

of Green et aL (1978). Thoden and Jette (1975) found that
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junior and NHL defencemen play four to five minutes longer

per game than their forward team mates. Green et al. (1976)

reported the defencemen playing more during a game and being

on the bench for less time. Contrary to this study, playing

time per shift was less than that of the forwards.

Defencemen were on the bench longer than the forwards

in the study by Horne et al. (unpublished). Playing time

per shift and playing time per game were longer for the

defencemen than the forwards, however there was only a four

second difference in playing time per shift and a 0.7 minute

difference in playing time per game.

There was little difference in time-motion

characteristics between the junior forwards and defencemen

in the study by Leger (1980) with the teams averaging 3.3

forward lines and 3.1 defensive units.

5.6 Itîtensity of practices versus games.
:'

The fifth hypothesis stated that the mean heart rate
':~ 'i r

intensity is significantly lower inpJ:";::ctices than games.

This was clearly shown as the on-ice intensity during games

(81.9% HRmax) was significantly higher than the on-ice

intensity during practices (68.6% HRmax). The work

intensity and effort during hockey games were higher than

the practices. with the players skating at a low velocity
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for most of the pract.i.ce, the heart rate seldom approached

maximum levels. Drills that focus on various aspects of the

game; offensive play, forechecking, defensive play and

positioning, were performed but at a 10\~er intensity than in

games. It was rare that a player would skate at high

velocity for longer than ten seconds at a time in pract.i.ces.

Many drills required the players to be active for longer

than ten seconds. However, the players may not have had to

skate that: hard during the drills or simply did not skate as

hard as they should have for the drills.

The sixth hypothesis stated that the total minutes at

a heart rate intensity greater than or equal to 70% HHmax is

significantly higher in practices than games. Even though

the amount of ice-time for a player during a practice (61.7

min) was nearly double that of agame (34.8 min). there was

no significant difference in the total minutes at a heart

rate intensity greater than or equal to 70% of HHmax between

practices (28.0 min) and games (29.4 min). Players simply

did not skate as hard as they could have or did not have to

work as hard during practices as compared to games.

Measurements on the subjects were conducted during the

second half of the hockey season. Therefore, very few

conditioning drills which involve repeated bouts of hard

skating, were performed by the players at the time of data

collection. At this point in the season, the aerobic and

anaerobic energy systems were trained with the emphasis on
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maintenance of fitness. AIso, during the month that data

were collected, there was a time that the subjects played

seven games in 16 days. It was the coach's j.ntent not to

work the players too hard in practice during this portion of

the schedule.

Although there have been sorne studies that measured

heart rate intensity during hockey practices or tasks, only

Horne et al (unpublished) has made these measurements on the

same subjects for both practices and games. For games,

their subjects on-ice intensity was 2 70% HRmax for 87.2% of

the total on-ice time compared to 84.5% of the total ti,me

for this study. For practices, their subjects performed at

an intensity that was 2 70% HRmax for 77.2% of the total on­

ice time compared to Œlly 45.4% of the total time in this

study. It is not known how long the players were on the ice

during practices in Horne et al.'s (unpublished) study. The

discrepancy for the practice results may relate to the

segment of the hockey season when the practice data were

collected, the structure and the objectives of the

practices .
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Chapter 6

Summary, Conclusions and Recooonendations

6 . 1 Surnmary

The purpose of this study was to measure the intensity

and duration of ice hockey play and to compare the results

with a similiar study that was published by Green et al.

(1976). In addition, the variability in heart rate output

and time-motion characteristics between forwards and

defensemen of this study were examined. Differences between

practices and games in terms of intensity were also

measured.

Six university hockey players, three forwards and three

defencemen, participated in the study. The intensity du ring

practices and games was measured using a heart rate monitor.

The monitor was set to measure heart rate every 15 seconds.

The duration of ice hockey play during practices and games

was measured using time-motion analysis where there were

four conditions for practices and three conditions for
<.;'

games. The heart rate monitor and the stopw~tch for

collecting time-motion data were synchronized so that the

intensity of the different time-motion conditions could be

calculated. Data were collected for three games and four

practices on each hockey player.
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The first hypothesis tested the intensity of on-ice

play 50 that a comparison could be made between the

intensity of ice hockey today and that of the pasto The on­

ice intensity found for this study was 82.5% of HRmax. The

on-ice intensity of Green et al. (1976) was 88.7% of HRmax.

Based on these resul ts, the intensity of on-ice pl<,y in this .

study was lower than the intensity of on-ice play in the

study by Green et al. (1976). Since the players in this

study averaged 235 less of playing time per shift, this

probably contributed to the resulting lower intensity of on­

ice play.

The second hypothesis examined the time-motion

characteristics of playing time per shift, playing time per

g~me and bench time between shifts 50 that a comparison

could be made between these resu~ts for this study and that

of a previous study by Green et al. (1976). Playing time

per shift was 62.35 which was a shorter amount of time
"-- '.

compared to the 85.45 playing time per shift reported by

Green et al. (1976). Playing time per game was 18.6 min
ri

which wa~ less time than the 24.5 min of playing time per
,:,,::-

game measured by Gréèn et al. (1976). Based on these

results. playing time per shift and playing
'''\'-

were signific!mtly less than the results of

(1976). Bench time betweenshifts was 237.45 which was not
:::,'

significantly different than the 2255 of bench time between
~,

shifts reported by Green et al. (1976). Ev€i1 though there
"
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is one less forward and defensive unit. tl.e players in Green

et a1.'s (1976) study were on the ice for longer shifts.

Thus, the bench time between two long shifts may result in a

similiar bench time between three shorter shifts.

The third hypothesis tested for a difference in on-ice

intensity between the forwards and defensemen in this study.

The forwards had an on-ice intensity of 82.1% HRmax and the

defencemen had an on-ice intensity of 82.8% HRmax. Based on

these results, there is no significant difference in on-ice

intensity between the two distinct l'layer positions of

forward and defence.

The four th hypothesis stated thal forwards and

defensemer. étre significantly different in the Ume-motion

charact',:ristics of playing time per shift. playing time per

game and bench time between shifts. F0rwards had a playing

time per shift of 58.5s whereas the defencemen had a playing

time per shift of,"66. Os. "Pla'ying time per game was 15.5 min
\i,~.

for forwards and 21.6 min for defensemen. Bench time

between shifts was 282.2s for the forwards and 192.5s for

the defensemen. with four forward lines and three sets of

defencemen, the time-motion characteristic~ were..,
:"';-~::<""

signifièantly different for the two distinct l'layer
l'

positions:""'

The fifth hypothesis measured the difference in on-ice

intensity between practices and games. The mean on-ice

intensity was 68.6% Of,HRmax during practices and 81.9% of
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HRmax during games. Based on these results, the players

were performing at a significantly higher on-ice intensity

during games compared to practices.

The sixth hypothesis tested the difference between

practices and games for the total time on-ice that the

players would perform at an intensity greater than or equal

to 70% of HRmax. The amount of time that the players

averaged with the intensity L 70% of HRmax was 28 min for

practJces and 29.4 min for games. There was a .3ignificant

discrepancy in the ice t~me that the players averaged for

games (34.8 min) and practices (61.7 min). However, in

answering the sixth hypothesis, there was no significant

difference in the total minutes a~ a heart rate intensity
'\

greater than or equal to 70% HRmax lietween practices and

games.

\\
\\

\~"
"~~::-----~-::~
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6.2 Conclusions

Within the limitations and delimitations of the study,

the following conclusions can be made:

1. The intensity of on-ice play during games is simili.ar

today compared to 1976.

2. Differences in time-motion characteristics exist

between the game of hockey today and the pasto

3. Forwards and defencemen play the game of hockey at

the same intensity.

4. Differences in time-motion characteristics exist

between ice hockey forwards and defencemen.

•

5. Games are performed at a higher intensity than

practices.

6. The sum of practice time performed at a high intensity

is similiar to that of games .
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6.3 Recommendations

Future studies should examine the time-motion and heart

rate effects of ice hockey games at the beginning, the

nliddle and at the end of a season. Comparisons on playing

time intensity, playing time per shift, playing time per

game and heart rate recovery after a shift for the three

different segments of the hockey year would be valuable.

Training should contain specifie components or resemble

what it is that you are training for. It would be

interesting to. study the variability in time-motion

characteristics and heart rate response between practices

and games. Then the couch and sport scientist should design

practices based on the time-motion characteristics and heart

rate response of games. The movement patterns and intensity

of the subjects in the designed practices should be measured

and the results compared to time-motion and heart rate

results of games. Practices that produce results similiar

•
~I

to those of games could then be used by teams to prepare for

competition.
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Appendix 1

Data collection sheet for time-motion analysis

Condition time Condition Running time

3:41 G1 9:53

0:24 G3 13:34

0:25 G2 13:58

0:27 G3 14:23

0:36 G2 14:50

4: 10 G1 15:26

G2 19:36

-
.

"1

1:

66



• 67

REFERENCES

Alexander, M., & Boreskie, S. (1989). An analysis of fitness
and time-motion characteristics of handball. American
Journal of Sports Medicine, 12(1), 76-82

Ali, A., & Farrally, M. (1991). Recording soccer players'
heart rates during matches. Journal of Sports Medicine, ~,

183-189

Beaudin, P., Zapeic, C, & Montgomery, D. (1978). Heart rate
response and lactic acid concentration in squash players.
Research Ouarterly, 49, 406-412

Burke, M. J., & Whelan, M. V. (1987).
reliability of commercial heart rate
Journal of Sports Medicine, 11, 29-32

The accuracy and
monitors. British

Davis, H. (1991). Passive recovery and optimal arousal in ice
hockey. Perceptual and Motor Skills, 72, 513-514

Docherty, D., wenger, H., & Neary, P. (1988). Time-motion
analysis related to the physiological demands of rugby.
Journal of Human Movement Studies, li, 269-277

Green, H. J. (1978). Glycogen depletion patterns during
continuous and intermittent ice skating. Medicine and
"'S""c"'i....e"'n"'c"'e'--"i'"'n~S'""p""o""'r'-'t.....s, 10. (3), 183- 187

Green, H. J. (1987). Bioenergetics of ice hockey:
considerations for fatigue. Journal of Sport Sciences, 2,
305-317

Green, H., Bishop, B. ," Houston, M., McKillop, R., Norman, R.,
& Stothart, P. (1976). Time-motion and physiological
assessment of ice hockey performance. Journal of Applied
Physiology, 40(2), 159-163

Green, H. J., Daub, B. D., Painter, D. C., & Thompson, J. A.
(1978). Glycogen depletion patterns during ice hockey
performance. Medicine and Science in Sports, 10.(4), 289­
293

Kozar, A. J., & Hunsicker, P. (1963).. A study of telemetered
heart rate during sports participation of young adult men .
Journal of Sports Medicine and Physical Fitness, l, 1-5•

Horne, G.A., Renger, R.F., & Wiley, J.P. (unpublished).
motion analysis and heart rate responses in ice
practices and games.

Time­
hockey



• Kroll, W. P.
education.
346 pgs

68

(1982). Graduate stuCly and research in physieal
Champaign: Human Kinetics Publishers Inc.,

Leger, L.
Peronnet
physique

(1980). Le hockey sur la glace. In Nadeau &
(Eds.) , Physiologie appliguee de l' acUvite

(pp. 115-129). St. Hyacinthe: Edisem.

Macfarlane, D. J., Fogarty, A., & Hopkins (1989). 'l'he
accuracy and variabili ty of commercially available heart
rate monitors. New Zealand Journal of Sports Medicine,
12(4), 51-53

Mayhew, S. R., & Wenger, H. A. (1985). Time-motion analysis
of professional soccer. Journal of Human Mnvement Studies.
li, 49-52

McArdle , D Katch, F., & Katch, V. (1991). Exercise
physioloqy: Energy. nutrition. and human performance (3rd
ed.), Malvern: Lea & Febi~er, 853 pgs

Montgomery, D.
hockey play.
~(1), 39-42

L. (1979). Characteristics of "oldtimer"
Canadian Journal of Applied Sport Sciences,

Montgomery, D. L. (1988). Physiology ot ice hockey. Sports
Medicine, 2, 99-126

Montpetit,
Glycogen
Canadian

R. R., Binette, P., & Taylor, A. W. (1979).
depletion ~~~, a game-simulated hockey task.

Journal of Appl:!~d Sport Sciences, ~(1), 43-45

•

Noble, L. (1975). Heart rate and predicted V02 during women's
competi tive gymnastic routines. Journal of Sports Medicine
and Physical Fitness, }2, 151-157

Paterson, D. H., Cunningham, D. A., Penny, D. S., Lefcoe, M.,
& Sangal, S. (1977). Heart rate telemetry and estimated
energy metabolism in minor league ice hockey. Canadian
Journal of Applied Sport Sciences, l, 71-75

Paterson, D. H. (1979). Respiratory and cardiovascular
aspects of intermittent exercise with regard to ice hockey.
Canadian Journal of Applied Sport Sciences, ~(1), 22-28 è

~~

Reilly, T., & Thomas, V. (1976). A motion analysis of w6~ik~~
rate in different positional roles in professional football
match play. Journal of Human Movement Studies, l, 87-9q

Reilly, T., & Thomas, V. (1979). Estimated daily expenditures
of professional association footballers. Ergonomies 22,
541-548



• 69

Romet, T. T., Goode, R. C., watt, T., Allen, C., Schonberg,
T., & Duffin, J. (1978). Possible discriminating factors
between amateur and professional hockey players in Canada.
In F. Landry & W. A. R. Orban (Eds.), Ice hockey/Le hockey
sur glace, (pp. 75-80). Miami: Symposia Specialists Inc.

Seliger, V. (1968). Energy metabolism in selected physical
exercises. Internationale Zeitshcrift fur Angewandte
Physiologie, 25, 104-120

Seliger, V., Kostka, V., Grusova, D., Kovac, J.,
J., Pauer, M., Pribylova, A., & Urbankova,
Energy expenditure and physical fitness of
players. Internationale Zeitshcrift fur
Physiologie, lQ, 283-291

Machovcova,
R. (1972).
ice hockey
Angewandte

•

Thoden, J. S., & Jette, M. (1975). Aerobic and anaerobic
activity patterns in junior and professional hockey.
Mouvement (Special Hockey) l, 145-153

Wilson, G., Hedberg, A. (1976). Physiologyof ice hockev: a
report. Ottawa: Canadian Amateur Hockey Association.

--
"--




