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ABSTRACT

a variety ¢f measures was administered to hockey players in
three different categories, differentiated by age and level of
play. Combinaticns of these measures were examined in order :o
select those bat*teries which correlated most strongly with
coaches' ratings of the hockey ability of the plqyers.

The categcries of players included Junior (ﬁ¥24), Midget*
-(N=48), and nine to 13 yvear o0ld boys (N=60) attending surmer
hockey school. The measures emrloyed were concentrated in four
dcpains: anaeroltic system measures, specific skill measures,
psychological measures, and measures of pérceptual-motor
ability. Scores were oktained on 17 variables for the Jurior
samgrle; these 17 variabkles, plus another 12 variakles, produced
a tctal of 29 scores for each player in the Midget and hcékey
schcol samrles. Coaches or instructors rated players on
ragper-and-pencil rating scales,

Samples were analyzed separately and in combinazion,
Univariate statistics were presented as were the correlations
ket vween all fpairs of variables.,. Regressicn analyses, using the
BMLE9R program, were conducted and the "best" and cselected
Stbsets were described.

Discussion of Eatteries across subiject categories was -
prchibited because of the finding of substantial differences

ketvween categories of subjects. When subject cateqgcries were
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analyzed separately, significant subsets of predictors emerqged
in the data fcr +he Midge* and hockey school samples. In the
forrer grcup, a battery or variable subset of 14 variables
(derived from nine measures) rroduced a multiple correlation cf
0.31 with hockey ability ratings (i.e., R2=O,83). Ir the hockey
schcol sample, a battery of five variables (derived from four
measures) produced a multiple correlation of 0,68 with hcckey
abkility ratings (Rz=0.u6). Other subsets were discussed,
Discussion of the findings included a concerna for sample
specificity and the need for replicative studies, Nonetheless,
the findings pcinted to the plausibility of the use of
manageakle batteries of tests for the prediction 0f ice hockey

ability.
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I. Introduction

"Hockey is the Canadian metarhor, the rink a symbol of this
country's vast stretches of water and wilderness, its ex+tremes
of climate, the player a symbcl of our struggle tc civilize such
a land. Scme pecple call it our national religion" (Kidd and
Macfarlane, 1372, p. 4). In times of change, little has remained
unquestioned., Recent events have focused qreater attenticn on
tle health of cur "patioral religion",

In February, 1973, the national hockey team from the
U.S.S.Rs defeated a select group of players from ihe Natiomnal
.Hockey Leaque in a three game series., Although the Nationai
Hockey Leaque included scme players from the United States and
Eurcpe at that time, the largest proportion of the players were
Canadians whc had received their training and playing experience
in Canada. Ali*though 16 of the 21 N.,H.L, teams were based in the
United States, the league was generally ccnsidered to be the
domain of Canada's elite hockey players, Thus, the defeat of the
N.E.L. team by the U.S.S.R. was considered to be a defeat of
Canada's test,

Debate akcut the relative skills of players and teanms fronm

Canada and from the Sovie+* Union had con*inued since the first



meeting of superior teams from these two nations in 1372. The
victory by the Soviets in 1979 left at least one writer in a
national Canadian magazine (Quinn, 1979) with no doubts as o
who possessed greater skills:
"The humiliating defeat at the hands of the Soviets
demonstrated ,.. that the NHL s+tyle of play is
poverty-stricken, that the highly paid and once
hero=-wcrshiped [sic] stars of the leaque are light years
behind *the Soviets in physical conditioning and that <the
fundamental skills of skating, puck handling and passing
have eroded in the NHL just as they have been honed to
eXxcellence by the Scviets" (p. 39).

If Quinn's percepticns were accurate, and if Soviet hockey
supremacy was tc be seriously challenged, then those resgonsitle
for the develorpment of hockey in Canada should have acted. As
Quirn (1979) added,

".,ss0Ur entire approach to the game must be reworked. We
must take heimet in hand and learn frcm the Soviets,
introduce their training and style to our youngest
players and - perhaps a generation frcm now = we may
legitimately challenge for their cup" (p., 4t1).,

Attempts at change have leen made, particularly at the
amateur level, Recently, the Canadian team entered in *he 1880
Winter Olympics employed the "European training system™
(Mclaughlin, 1980, p. 3). This team, composed mainly of college
players, was exposed to special nutrition and.weight training
programs, Since they did not win a medal in Olympic competiticn,
the success of the training regime was debated. The United

States team also used colleqe playvers and a training progran

similar to the Canadians; their winning cf a qold medal was a



major surprise of the 1980 Wintexlolympics. Nonetheless, it
seemed unreasonable to attribute superiority to the American or
North American hockey development programs over those of the
Soviets or Europears on the basis ¢f victories in the few
emoticnally-laden games of the Olympics; long=term plans were
required.

A former chairman of Hockey Canada, Douq Fisher, agreed
that changes must be made in Caradian methods of developing
hcckey plavyers:

"The evidence is karefaced in front c¢f anyone who wants

to look, that our system, and I'm talking about our

minor system, simply does not produce the people with

the skills and techniques that the Russians, Czechs,

Swedes and Finns are producing" (Mclaughlin, 1980, p.

2)w
Commenting cr the Soviet and Czechoslovakian hockey develcpment
programs, Kingston (1980) noted that young players folloued
specific progrars at each age level and used the club system to
expose promising players to available resources, At age 16, the
programs became even mcre intense as selected players were
further rurtured in club se+tings with specialized coaching and
training regimes, With elite playvers and teams, *the relationship
ketween the sport scientists and coaches and trainers was much
closer than in Nor+h America. The Czechoslovakian rational +eanm,
for example, had specialists in sports medicine and sporis -
psycholoqy working closely with it, Players were often tected as

part of research projects and appropriate findings were utilized



in an attempt to produce beiter on~-ice performance,

Effozts to give direction to the pursuit of logst excellence
in North American hockey could have relied more heavily c¢n *he
examination and application of research findings to +he traiaing
and performance of players (Kaufman, 1979). In commenting on the
develcpments in the years since Canada's dramatic last-minute
victory over é Soviet team in 1972, Mclaughlin (1980) stated
that the years since that surprisingly narrow victory "should
have been time for intrcspection and change, But the coaching
methods and style of play, from the minor leaques up to the
professionals, remain relatively the same as they have always
been" (p. 3). Research could have investiqated, for examrle,
coaching techniques, skill developmernt, conditioning methods and
the organiza*tion of teams into competitive leagues, all of which
might have resulted in the improved performance of hockey
players. Research might also have attempted to determine which
factors - both psycholcgical and physical - best predicted +hose
individuals likely to have performed well (acbordinq +o stated
criteria) during competition. In the U.S.S.R,, for example, boys
as young as six years c¢ld underwent examination, including <zhe
collection of biographical data and the resul{s of physical and
psycho-motor tests, to determine their promise as hockey players
(Kingston, 1980),

A look at studies of performance in hockey throughotut the

world showed that research to date has been diverse, Some



investigators (Green, 1979; Marcotte, 1973:; Rusko, Havu and
Karvinen, 1978) have examined the physiological characteristics
of rlayers, focusing primarily on the contributions of +he
different enerqgy systems and substrates to performance, O*hers
(Ferquson, Marcot*e and Monpetit, 1369) have attempted =c
sipplify the means of measuring physiological variables.,

Studies (Dcrion, 1973; Newton, 1978) have alsc focused on
the measurement of physical or anthropometric characteristics cf
hcckey players, Some investigators (Newton, 1378) have ccmpared
data on players cf different ages and cskill levels or frcm
different countries to de*ermine if differences existed in
absciute size, relative csize and somatotype when players were
grouped by team or Lty rlaying position,

Some attention has also been directed to players!
psychological attributes, Studies have examined, for exarngle,
mctivation (Carzon, Ball and Chelladurai, 1977) and aqgqression
(McCarthy and Kelly, 1578). One investigation (Scaramella and
Brown, 13978) found a relationship between aqqfeseion in hockej
players and the level c¢f a physiological variable, serum
testosterone. The importance of teamwork was indicated by
studies such as those that have examined team‘achievement
(Iso-Ahola, 197€¢) and team cohesion (Ball and Carron, 1376).,

An attempt to determine skill levels of hockey playere has
resulted in the development of skating tests (lariviere,

Lavallee andlShepha:d, 1376) or, in some cases, batteries of



hockey skill tests (Enos, 1973; Merrifield and Walford, 19639)
which included neasures of séickhandling, shooting and passing
in additicr to skating,

Examinations in the psycho-motor domain Lave perhaps Lbeen
‘less numercus than in the above-mentioned areas. Studies have
been conducted on the visual perceptual speed (Thiffault, 1374)
and the peripheral vision (Deshaies, Pargman and Thiffault,

1578) of hcckey rplavers,

e s e e S o e, e e

As the above brief review of research implied, a bcdy of
contributing kncwledge was available to assist in the analysis
of the performance of hockey players. However, such analysis
might have been more fruitful if the relative importance of
contributors tc¢ performance had been estabiished. The utility of
a myriad of research findings on such diverse components as
anaerobic power, perceptual speed and aggqression was limited for
a hcckey coach ¢r team manager with little tréininq in the
sports sciences, Studies that isolated a few variables or a
bat+ery of measures which best predicted performance might have
offered more assistance to hockey "practitionérs" by having made
their task more manageakle, Attempts could then have beern made
to devise effective means‘of optimizing the scores obtained by
ipdividual plavyers or teams on the battery of a relatively few

predictor variables, Prediction equations have undoubtedly never



acccunted for 100 percent of the variance in perfcrmance in
athletic situations. Nonetheiess, increasingly accurate
predictions shculd have resulted from continuous modificaticns
to the reqression eguations as research suggested +the additior
or deleticn of variables or the revision of measuremen=
techniques.

Currert krowledge has suggested certain promising
predictors of hcckey performance, For example, in the
physiological domain, studies (Green and Houston, 1975; Seliger,
Kostka, Grusova, Kovac, Machovcova, Pauer, Pribylova and
Urtankova, 1972) have ccnfirmed “*he impcrtance of the anaercbhbic
systems tc hcckey performance., By definition,‘the typical shif<
by hockey players was less than two minutes in duration and +*hus
it did not gqualify as aerobic work (Mathews and Fox, 13971).

In the psychological domain, a study by McCar:thy and Kelly
(1878) indicated tha+* aggressive players scored more goals and
took more shcts on goal than did players rated low in
aggqression, The findings of Russell (1374) leht éupport to *he
potential of aggression as a predic*or of ice hockey performance
as the number of goals and assists ob*ained by players
correlated with meacsures of aqqression.vOther‘studies focused on
related psycholcgical variables and demonstrated, for instance,
the importance cf motivational factors in performance (Ball and

Carron, 1576; Lesharnais, 1375),



The prediction of hcckey performance or ability frorw
measures of skill seemed axibmatic; however, a consisten*
finding of one rredictcr was not forth-coming. Nonetheless,
measures of skating speed (Deshaies<et al,, 1578) and
stickhandling abili*y (Merrifieid and Walford, 1969) were found

to relate to coaches' ra*ings of hockey rlaying ability,

Statement c¢f the Problenm

The problem addressed in the present study was that of
attempting to predict the ability or performance of ice hockey
players or, more specifically, to improve on the prediction

attempts of previous investigations,

The Present Study-

The present study was designed to examine a variety of
measures in an attempt to isolate batteries of predictors of
hockey ability c¢r performance, The inclusion of measures of both
physiological and psychological factors was sﬁppérted by
statements of Morgan (1973) that much of the inguiry inzc
exercise and srort sciences had suffered from the specialized
orientatior of the investigators, that the la£ter had toc often
focused exclusively either on psycholcecgical or biological
variables, Morgan arqued convincingly for the "psychobiological
approach". One study supporting his claim was conducted ty

Nagle, Morgan, Hellickson, Serfass and Alexander (1975). This



investigation involved the measurement of a varie+y of
psychological and physiological factors on 42 candidates for amn
Olympic wrestling team, Multiple ccrrelations relating the
psychological (N=40) and physiological (N=29) data +to successful
performance were 0,73 and 0,67, respectively., When both selected
psychological and physiological variables were employed (N=25),
the multirle R increased to 0,92, thus allowing for improved
discrimination Lketween successful and unsuccessful athletes,
Morgan's (1973) feelings were clear: "Insofar as predicticn is a
central funrcticn of any scientific enterprise, the case for the
superiority of psychobiological models is unambiguous and
unccntestable (p. uo{.

Another s*tudy using a psychobiological model was tha: cf
Deshaies et al, (1378)., This study examined the relationships
tetvween 14 physiological-anthropometric, psychological and motor
skill variables and a measure of hockey gplaying ability (as
defined by coaches' ratings of a plaver's individual and
tactical skills), The data - on 116 "majcr juhiof" leaque
players whose average age was 214.,5 months - were subjected to a
stepWwise regression analysis with hockey playing ability as the
criterion measure. This analysis revealed tha£ the following
four variables accounted for 55 percent of the variance in ice
hcckey performance (F47ul‘=33.23, p<.05): forward skating gpeed,
achievement motivation, visual perceptual speed and anaerobic

power, This study also found, in support of Morgan's (1973)



contention, that the variance in hockey rerformance (55 rercent)
accounted for by the "psychobioloqical prcfile was larger than
that observed individually for either the biological (17%),
physiological (20%), or the specific skill profile (33%)" (r.
36) .

The rresent study was based on Morgan's (1373) clair that
psychobiolcgical models were superior to those containing only
psychological or physiological variables., The selection c¢f
variables or variable=types relied on a review of the
literature, but received major directions from the work cf
Deshaies et al., (1378), The latter authors' finding of a
multiple correlation of 0,74 between four variables and hockey
performance showed rromise. The present study attempted to
imfrrove, where possible, on the measures employed Ly Deshaies et
al. and to add cther prcmising measures in an effort to predic:
more accurately hockey ability or performance. An important
consideration was the economy of test administration: fhe time
required and inccavenience to subijects had tojbe-minimized and
administration procedures had o be simple, (These restrictions
were not overtly stated by the subjects tested or their
superiors but were thought by the researcher éo be critical to
gaining acceptance to conduct the study).

Thus, based on the résults of Deshaies et al. (1378), fhe
decision was made to include measures within the following

cateqories of variakles: (1) the anaerobic systems, (2) specific

10



skills, (3) psychological measures, and (4) perceptual=-mctor
ability., General sufpport forbinclusion of these types of
variakles came from the spirit of the remarks of the respected
Soviet coach Tarasov (1969) who said that hockey was a game of
conditioring, intellect and skill., Justification for inclusion
of each srecific measure included in the present study was
ccntained in the following literature review section which
focused on the four cateqories of variables mentioned abcve,
Readily available descriptive measures, such as age, height and
weight, were also included, as was informaticn on the hockey
playinq‘experience cf fthe players, Foreazm girth, a relatively
sinfle anthropometric measure, was inciluded since it was a

prokable index c¢f relative muscularity (Ross, 1980),

Hypotheses
The present study was designed to test +the following
general hypcthesis:
accurate estimations of ratings of hockey playing
ability were obtainable from scores on an isolated
battery of measures, i.e., the variance in perceived
hockey playing ability was explicable by scores on a
battery of tests purporting to measure anaerobic power
and capacity, specific hockey skills, psychological
factors and perceptual-motor behaviour,
While the general hypothesis provided the focus for the
present study, acceptance or rejection of *he hypothesis would

have been highly subjective, Thus, in addition to the general

hypothesis, six specific hypotheses, derived from a precedent in

11



the literature, provided opera*tional definitions of ths

strengths of relationships under investigation. These specific

hypotheses were

de.

d.

that the enmployed Lkattery c¢f measures accounted for more
than 55 percent of the variance in ice hockey plaving
apility -- a figure reported by Deshaies e%f al. (1378) ==~
where ability was defined by the subjective ratings of
experts;

that the employed measures of anaerobic power and cagaciiy
correlated more strongly with hockey playing ability +han
the value (r=0,42) reported by Deshaies et al. (1378)
between ability and anaerobic power;

that the skating sreed measure employed, being the same as
that used bty Deshaies et al. (13978), showed a similar .
strength of correlation (r=0.55) as that obtained by the
latter authors;

that one or a combination of the employed psychological
measures correliated more strongly with hoéke§ ability than
in the relationshir (r=0.35) reported by Deshaies et al.
(1378) between a measure of achievement motivation and
hockey akility;

that the emrloyed measure of percepitual-motor ability
correlated more stronély with hockey ability *han <the
relaticnshifp (r=-0.,22) reported by Deshaies et al. (1978):

and,
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f, that the hypotheses stated above were valid in hockey

playvers of different ages and skill levels.

Delimitations

The major delimiting factors in the present study were
asscciated with time and with the sampling of subjects, As
mentioned above, efforts vwere made to employ measures which were
simple and relatively quick fo administer, Considera*ion for the
players and teams tested prompted the search for ins*ruments
which could bke administered quickly and economically. It was
also believed that future use of any test battery by hockey
practitioners would be enhanced by the battery's convenience.
Time considerations also militated against the use of sonre
techniques involving scophisticated equiprent cr procedures or
equipment that was delicate, expensive or not portable, Hence, a
majocr consideration in the selection of instruments was their
arrlicable in the field as relatively simple and economical
Keasures, |

Studies which have examined the relationships among
variables using a srall, selec:t grocup have limited
generalizability from the findings because of‘sample
specificity, This ccncern was addressed in the present study Ly
testing players at three different levels of play, One q:ouﬁ of
playeis formed a team at the top Junior level of play. A second

grcup of intermediate age consisted of an elite grcup of
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"Midge<" players whc were invited to a one-week camp as rart of
a newly develored provincial'proqram. The third group were
younger players of varying ages and from different teams who
were attending a summer hockey school, The ability of the test
kattery to predict hockey ability in all these groups was

exanined with respect ic the problem of sample specificity.
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I1, A Survey of Related lLiterature

In this section, literature was reviewed which was
relevant to the cateqories of variables under investiéation,
i.e;,
(1) the anaerokic systenms,
(2) specific skills,
(3) psycheclocgical, and

(4) perceptual=wotor akbility.

The Anaerctic Systens

A general review of energy systenmns

Before cornsidering the evidence linking anaerobic systenms
and performance in ice hockey, it seemed appropriate to gresent
a krief description cf anaerobic and aerobic hetébclism,

Energy to support man's functioning was derived from the
food he eats. The breakdown of the food supplied the necessary
energy to support biolcgical processes such aé the chemical work
of growth and the mechanical work of muscular contraction
(Mathews and Fox, 1971). The chemical compound adenosine
trirhosphate (AET) was considered to be the major enexqgy

"currency" and it was this compound, which resulted from food
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breakdown, that was stcred in muscle cells for use in muscle
work.

In general, there were two major systems or pathways which
lead to the production cf ATP, i.e., the anaerobic and aerobic
systems, Anaerolic systems, which functioned without the
presence of oxygen, were the essential suppliers of enerqy for
intense wcrk of only a few minutes duration since oxygen could
not be inséired and utilized quickly enough for muscular work
withir that short time frame., In fact, there were two anaerobic
systems., ATP could be produced from breakdown of ghosphocreatine
(EC), another compound stored in the muscle cells, The breakdown
of PC was often referred to as the alactic phase of anaerobic
metabolism or as the scurce of anaerobic power, The remaining
anaerobic syster involved the breakdown of glucose (a plentiful
form of carbohydrate) to produce ATP and lactic acid. Hernce,
this system was often referred to as the lactic phase and, also,
as the source of anaerchkic capacity. Anaerobic capacity referred
+0 the ability to perfcrm in vigorous events 6f ébout 10 to 60
seccnds in duration (Sherhard, 13978) but this lactic acid systenm
might have been *he majcIi contributor to maximum effor* for ug
to two or three minutes (Mathews and Fox, 197i). Anaerobic power
invclved events c¢f cnly four %o six seconds (Margaria, 1968) or
perhaps 10 seccnds (Shephd:d, 1378) in length, Anaerobic syétems
resulted in the limited production of ATP ard could, therefore,

have sustained vigorous work for a relatively short period of
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time., The progressive buildup of lactic acid as a rroduct of
glucose breakdown or glycclysis was thought o0 lead to muscular
fatique and thus to a cessation of, or decrease in, exertion,
The aerobic system or aerobic pathway, which functicned in
the presence of oxygen, involved the complete breakdown cf
glucose (or fats or protein) to produce carbon dioxide (C0,),
water (H,C) and 19 times *he number of ATP molecules produced by
anaerobic glycolysis alone, Since lactic acid did not accumulate
when oxygen was present, a major source of fatigque was thought
to ke eliminated and submaximal work could be maintained by the
aerchic system for some time, It was the aerchic system that
suprlied energy needs at rest and, also, during recovery from
intense exercise. Phosphocreatine stores, which might have teen
extausted during anaercbic activity, were replenished primariiy
frcm the bkreakdcocwn of ATP which was produced aerobically, Thus,
the systems worked *o complement one another in supplying +he
enerqgy requirements of the body for various types of activity.
Although evidence was reported on the reépohse to training
of aerobic (Holloszy, 1973) and, to a lesser extent, anaerotic
systems (Gollnick and Hermansen, 1973; Weltman, Moffatt and
Stamford, 1978), other factors were important‘in ipfluencinq
individval perfcrmance. Apparently, skeletal muscle, the
contraction of which resuited in work being done, was compdsed
of different fibfe types (Essen, 1978). The two major categories

of fibres appeared to have different metabolic characteristics,
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The red (i.e,, "slow twitch") fibres had large blood supglies
and seemed particularly adapied to support aerobic activity, The
other fibre tyre, i.e., the white (or "faét twitch") fibres, had
more limited blood suprlies and appeared suited to anaercbic
activity, Red fibres contaired high lipid or fat stores whereas
white fibres contained relatively large glyccgen stores (Essen,
1578) . As noted above, glucose or its stored form, glycogen, was
+he major fuel during anaerobic activity whereas fat, a more
rFlentiful source of fuel in the body, could be utilized during
aercbic wcrk,

Gollnick and Hermansen (1373) reported that the distinction
between the carpabilities cof fibre types was not rigid as a
"epectrum of oxidative capacities exists in both fibre %ypes®
{r. 2), It appeared that most muscle groups in man contained a
mixture of fibre types (Essen, 1378)., Of interest, too, was that
"the relative porporticn of the twc fibre types does vary from
individual to individual" (Gollnick and Hezrmansen, 1973, p. 3).

In summary, then, it has been shown thaf woik or activity
invclved the contraction of muscle which was sugported by the
breakdown of ATE, ATP mright have been produced anaerobically
(without cxygen) to surport brief, intense ac{ivity or
aerobically to supply enerqgy needs at rest or during submaximal,
steady-state activities, it was also mentioned that muscle in
man was comnpcsed of twc different fibre types suited, *o

differing degrees, for the support of either aerobic or
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anaerobic activities and that the proportion of these fitre
types varied across individuals. This brief review was intended
to describe *the basic componen*s of the two major enerqgy sys<ems
ard not to explain, as Essen (1978) stated, the "complex systen
of regulatory mechanisms (nervous, hormonal and cellular)"
invoived in "the degradation of lipids and carbohydrates +o
release energy for muscle work" (g. 7). Essen (1978) alsc noted
that the scurces of enerqgy for working muscle depended on
factors such as diet and fi<ness as well as on the '"mode,

intensity and duration of work" performed,

The nature of the ganme

Since, as stated alkove, the nature of the work influenced
enerqgy utilization, a trief descripition c¢f the game of hockey
and the type of work or activity involved in by hockey plévers
might have assisted in the discussion of enerqgy utilization in
hecckey, This section provided such a description.,

Seliqger, et al. (1972) described the game as follbws:

"Ice hockey is a storts play, performed on an ice
surface and characterized by a rapid change of play
situations as well as permanent personal duels between
the players moving on the skates in a special outfit
weighing 8-10 kg, and using the hockey stick and the
puck, During the shert <ime interval for which the
player is staying cn the ice he must prrove the maximum
performance, The arplication of endurance is specific in
connection with maximal speed. On *the whole, the rapid -
changing from the lcad on the ice surface to the rest on
the seat requires an immediate reacticn o these extreme
phases of the players activity occuring for the whole
time of the play. In the course of the play the muscles
of the lower limbs will be loaded which assigurate
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[ siclthe lccomotion in the space at substantial [sic)
changes ¢f speed and direction, and more than in most
sports plays also the muscles of the trunk and upper
limbs. A gocd deal of static contractions appears" (p.
283-284) .
For those ignoran* of the game, it could have been added
t+hat the ice surface in North America was approximately 200 X 85
feet (wider in Europe). Teams usually were alliowed 18 plavers
for a game, including two goaltenders., Six players, including a
goaltender, were allowed on the ice at one time for one teanm,
Players specialized as forwards (attackers), defenceme;
(defenders) and goaltenders, Goals were situated at opposite
ends of the ice surface, The cbiject of the game was to advance
the puck (a disk made c¢f hard rubber) intc the oppcsing team's
area and shcct it past the goaltender into the goal., Hockey
sticks, composed of long, wooden shafts with flatter "blades" on
the end, were used to pass and shoot the puck. The players all
Wwore skates which were essentially sharpened, steel blades
attached to specialized boo%fts. A hockey game consisted of three
20 minute periods, Players were allowed to substitute as plav'
continued or during a stoppage called for a rule violatiocn,
Thus, the game involved individual capacities and skills as well
as tean play and strategies.,
time-motion analysis of eigh* college hockevy plavers
during 10 games (Green, Bishop, Houston, McKillop, Norman and

Stcthart, 1976) revealed the following characteristics of play.

The mean playing time rer game was 24,5 minutes per plaver and a
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mean distance of 5,553 metres was covered by a plaver in a game,
The mean playirg *ime fper shift was 85.4 seconds; however, an
average shift "inciuded 39,7-s of the uninterrupted play
followed by a 27.1-s play stoppage, repeated 2,3 times" (p,
160). Actual playing time and playing time per shift increased
over the three rericds as did time for play stoppages,
Differences by position were noted as defencemen played 21,2
percen*t lcnger than the forwards due to a greater number of
shifts, but the defencemen's shifts were shorter in duration.
Styles of rlay have varied considerably for different ifeams
as vwell as players., Games some*imes were relatively slow and
reflected cautious and close-checking strategies by one c¢r Loth
tears, Some players or teams wWere particularly noted for
physical or agqressive play. Other teams or games have
emphasized a very fast style of play with quick skating and
little close-checking., Okviously, some players apreared more
adept at ore particular style of play than another. Thus, even
withinr the sport, different game situations oﬁ sfvles of play'
might have made different demands c¢n an individual's energqy

scurces and caracities,

Enexgy sources and perfcrmance in hockey
Although apparently straightforward, the issue of the
contributions of the anaerobic and aerobic systems to

rerformance in hockey was complex, Whereas Fox and Mathews
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{15374) stated that enerqy requirements for hockev were derived
entirely frcm anaercbic sources, others seemed to disagree, As
mentioned atove, Green et al. (1976) reported that the mean
playirg time per shift was 85.4 seconds, Using data presenzed by
Golinick and Hermansen (1373), relative contributicns of
anaerobic fprocesses for the mean shift would fall tetween 60
percent (one minute) and 40 percent (two minutes), Astrand and
Rodahkl (1377) reported comparakle contributions of anaercbic
systems of 65 to 70 percent and 50 percent a* one and twc
minutes, respectively, However, as Green et al, (1376) also
reported, play stoppages divided shifts intc uninterrupted play
periods averaging 39.7 seconds in length. Using data mentioned
abcve (Astrand and Rodahl, 1377), this shortening of actual
playing time would have meant even greater conhtributions of
anaerobic systeans.

The relative importance of the anaexcbic energy supglies
seemed to be surpcrted from studies conducted on hockey Flayers,
Green and Houstcon (1375) found that, whereas éhahqes in aerobic
capacity [ measured by gas analysis after running (2.5 m/min., 1%
increment/min.) to exhaustion on a treadmill], when expressed in
ml/kg/min,, did not appear in Junior hockey piayerg {(N=1€ +o 24)
wher tests were conducted at the beginning and end of the
season, statistically siqﬁificant improvements were noted in
measures of anaerobic capaciiy (measured by run time on a

treadmill at 215 m/min, and 20% grade) and anaerobic power
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{neasured ty sreed in running up a flight of stairs). Seliger e+
al, (1972) confirmed the importance of both aerobic and
anaerobic systems tc hcckey performance., In the latter av*hors!
exarinaticn of 13 members of the Czechoslovakian national hockey
team (heart rates were measured telemetrically; bicycle
ergometers and gas analysis were used to assess fitness: blcod
samrles Qere taken to measure lactate levels), they concluded
that about €66 percent cf the enerqy demands of hockey players
Wwere met by anaerobic sources,

The complexity with regard to the energy sources for hockey
plavers care from the nature of the game, intermittent work that
required a blending of endurance, speed and strength,
Comparisons of various athletes by Rusko, Havu and Karvinen
{(1978) showed that hockey players (N=13, Finnish, many of .
rational or international calibre) possessed aerobic capacities
as measured Lty treadmill run (1% increment/2 min., cspeed
selected to prcduce 8-12 min. run) and gas analysis, by fpercent
of slow-twitch fibres and by SLCH activity, thét Qere
statistically significanrtly higher than a grcup of active but
untrained individuals (N=23), but that these capacities were
considerably less than those of long distance‘runngrs and
ccrnretitors in scome nordic events. On the other hand, data from
another study (Komi, Ruskd, Vos and Vvihkc, 1977) revealed ihat
the same hcckey players that were tested by kusko et al, (1378)

had high values on some, but not alli, of the indicators cf the
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anéerokic systenms, For example, hockey players had relatively

1)

high values on measures of leq forces (speed up a flight of
stairs, isdmetric ccntractions of extensor muscles) but rot in
terns of percentage of fast=-twitch fibres (in vastus lateralis)
nor blood lactate levels (after maximal treadmill run and
maximal aim ergometer test).,

The enerqgy requirements for intermittent work of high
intensity and ccncern about performance with increasing lactate
levels seemed cf relevance here, A recent report by Essen (1978)
stated that studies with 54 subjects (both sexes, age range 20
¢ 41) found that high intensity work (mear load 2959W) performed
intermittently fcor up *o 60 minutes (15 seconds work = 15
seconds rest) on a bicycle ergometer was more similar
metabolically to continuous exercise at half the load (mean load
157W) than continous exercise to exhaustion at an equally
intense load (280W). This meant tha* intermittent work resulted
in less glycogen and more lipid utilization than previously
thought, It was also noted that both muscle fibré types had a‘
capacity for carbohydrate and lipid metabolism,

Studies (Essen and Haggmark, 19375; Tesch, Sjodin,
Therstensson and Karlsson, 1378) had showed iﬁcreased muscle
lactate after intense exercise and implicated these increases
(Tesch et al,, 1978) in subsequent impairmen:t of muscle
functioning. However, other evidence (Segal and Brooks, 1979;

Weltman, Stamford and Fulco, 1973) suggested that high lactate
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levels did no:t impair sulsequent performance. Althcugn a
thorough understanding of the causes of MUscle fatique did not
exist (Gollnick and Hezrmansen, 1373), the high lactate levels
reported in rerforming hcckey playvers (Green et al,, 197€) might
nct have been critical. Evidence was presented, toc, that
improved aercbic capacity (Weltman and Katch, 19739) delayed the
onset of anaerotic processes (and lactate buildup) and that
training of specific limlks reduced lactate buildup (Cerretelli,
Pendergast, Paganelli and Rennie, 1979).

Green's (1979) excellen:i analysis of metabolic events with
resrect to hockey (kased on a review of the literature,
including many of his cwn studies with university hockey
players) suggested possible explanations of the integration
Letween aerobic and anaerobic energy supplies, He stated that,
fcllowing maximal anaerokic exertion, £full recovery of the
muscle may take 60 minutes., This made it seem unlikely, then,
that hockey rlayvers could have utilized anaerobic enerqgy
surglies tc¢ their fullest and still have continuéd to play. He
noted, however, that *he frequent stoppages in play during a
hcckey game may have allowed fuller utiliza*ion of
Fhcesphocreatine than exgfected, siace approximételya90 percent of
this substance was resynthesized in the first minute of recovery
(Harris, Edwards, Hultman; Nordesjo, Nylind and Sahlin, 1976).
He ail1so suggested “hat the nature of the game and the pace at

which the players played may have reduced glycolytic invclvement
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and thus minimized +the buildup of lactate., Aerobic mechanises
may, in fact, have been dominant in the resynthesis of ATP over
+he course of a two hour game. Green {1973) concluded that the
tempo of the gare wculd have dictated the relative contributioas
of aerobic and anaerobic systems bu%t that the develcpment of
aerobic capaci*ty had not been emphasized for the Ncrth American
player, Seliger et al. (1972) concurred that both systems should
have been trained by hockey players even though twc-thirds of
the ererqgy demands in playing the game were supplied
anaerobically,

In summary, it appeared evident that enerqgy demands of
performing hockey players were dependent on a variety of game
and individual factors. Nonetheless, the literature (Astrand and
Rodahl, 13877; Green and Houston, 1975; Seliger et al,, 1572)
seemed to suggest that the nature of the work involved in hcckey
games reflected relatively greater contributions c¢f anaerobic

rather than aercbic energy sources,

Prediction of hockey akility from enerqgy system indicators
Although measures of physiological variables such as
aerobic and anaerobic capacities and anaerobic power were *taken
on hockey rplayers, little investigation was undertaken on *the
Telationship between such variables and hockey performance or
ability. Studies were descriptive rather than predictive, The

work of Deshaies et al, (1978) was an exception to this trend as
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the latter authors examined the ability cf 14 variables,
including anaercbic power and aerobic capacity, to predict
hockey performance (as defined by coaches' ratings of individual
and tactical skills), Whereas scores on the measure of aerobic
capacity [ predicted from a submaximal (900 kpm/min, for € min.
at 50 r.p. m.) ticycle ergometer test] showed virtually no
correlation (Pearson r=0.,01) with hockey performance, anaeraobic
frower (measured by timed runs up a flight of stairs) was
statistically significantly correlated (r=0.42,p<.05) with
performance and subsequently entered the regression equation.
Further surport for the promise of anaerobic systen
indicators as predictors cf hockey perfotmance‘lacked the
exrerimental base of the findings of Deshaies et al. However,
some support came from the previously mentioned study by Green
and Houston (1375) which reported no changes in aerobic capacity
over a hockey season while finding statistically significant
improvements in both anaerobic power and anaerobic capacity, The
latter authors noted that the most impressive‘chénqes were in
anaerobic capacity, in which total run times on the demanding
treadmill test (at 215 m/min., and 20% grade) increased by an
average of 16,3 percent over the hockey seasoﬁ. Since the
Deshaies et al. (1978) study did not include a measure of
anaerobic capacity, a trué indication of the tctal contribﬁtion
of anaerokic systems - both the alactic and lactic phases - was

not forthcoming in +he latter study.
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There might have keen several reasons for the poor
predictive power of aerotic éapacity in the Dechaies et al,
study. As was stated above, Green (1379) commented that the
develcpment of aerolkic systems has not been emphacsized in North
American hockey, even though aerobic metabolism was important ih
ATP resynthesis during *he course of a hockey game. Two studies
were noted to illustrate this lack of emphasis on aerobic
+raining. Hutchinsor, Maas and Murdoch (1979) measured ttle
aerobic capacity (treadmill at 7 m.p. h,, 2% grade increnment/2
min., expired gas analysis) of 11 college hockey players who
were exposed to a six-week dry land training schedule, which
included running five miles three times a week, This schedule
resulted in a statistically significant (N=8, F=7,96, P<.001)
increase in VO, max, after the six weeks., However, the players
then began their competitive hockey season and, when tested at
its completion, VOpmax. values had declined to below initial
pre=-training schedule scores. Although Hutchinson et al, (1579)
did nct measure anaerobkic variablies, they conéluded that enerq?
expenditure during the season was primarily anaerobic and
aerobic training was lacking. Lehtonen and Vviikari (1980)
studied the concentrations of serum cholesterols in elite
Finnish hockey players (N=24, mean age was 25,6} and fourd that
hcckey players Lad considérably Jower values than elite socéer
players whose training stressed endurance. (They suggested that

particular serum cholesterols might have protected against
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coronary heart disease.) It was concluded that hbckey training
emrhasized anaerobic systems; Lehtonen and Vviikari (1980) added
that, when hockey players had more aerolbic exercise (running at
4,5-5,0 min/km for about an hour a week, total duration rot
repeorted), "the ratio c¢f HDL - cholesterol to total cholesterocl
became normal®" (p. 38).

>Another mitigating factor with respect to aerobic capacity
and hockey was the crucial influence of skill in energy
exprenditure. As Green (1979) illustrated by ccmparing the VG, max
and skating speed scores of three players, energy expenditure
was least for the individual with the lowest VOzmax, suggesting
"that efficiency may be a more statistically significant
indicator of fatiguability than a low VOzmax" (p. 33). Thus,
considering the style of play in North American hockey and the
prokability that skating skill reduced +the need for a
well-develcped aerobic systems, the poor predictive power of
aerobic capacity in the Deshaies et al. (1378) study became less

SuUrgrising.

Measures c¢f anaerobic enerqgy

As the alkove discussion indicated, although the literature
relating energy systems and performance or ability in hockey was
sparse, anaerobic rather than aerobic system indica*tors appeared
to cffer mcre promicse as predictors of hockey performance and

ability., This section reviewed some available measures of
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araercbic enerqy supplies and their suitability for application
in the field.

In general, less at*tention appeared to have been given to
measures of anhaerobic *han aerobic functicning and little
agreement existed as to the most valid measure of anaérohic
activity (Bar-Cr, 1378; Katch, Weltman, Martin and Gray, 1377;
Weltman, Moffatt and S*tamford, 1978). Several criterion measures
have been emgplcyed, however,

"including initial c¢r postexercise glycogen levels,

initial levels of muscle phosphagern (ATP and PC), peak

exercise muscle or tlood lactate acid and/or pyruvate

concentraticns, one or several glycolytic enzyme

concentratiocns, or even the quantity cf postexercise

oxygen uptake (the oxygen debt)" (Katch, Weltman, Martin

and Gray, 1977, p, 313),
Although an exhaustive review of these critericn measures was
beyond the scope of the present paper, some illustrative
discussion about concerns with respect to some of these measures
was provided. For example, Segal and Brooks (1373) took issue
with the traditiornal 0, debt hypothesis citing a study [KN=11
males, bicycle ergometer, moderate (55% VO, méx)'s heavy (95%
VO, max,) workicads, normal & glycogen depleted states] in which
reducing lactate levels did not change postexercise Op
ccnsumption., If the "lactacid 02 debt™ represéntedkthe
utilization of C, to reconvert lactate to glycogern, then
changing lactate levels should have affected 0p consumption

after exercise, Blood lactate levels, as measures of anaerobic

metabolism, reflected "only imperfectly the total gquantity of
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lactate produced at the time of exercise" (Freund and Gendrv,
1978, p. 123). Astrand arnd Rddahl (1977) added concern akout the
"lack of information akout the total water in +the Lody availakle
for uptake of lactate ané the uneven distribution of lactate in
various water ccmpartments in the body. Other hidder information
is the rate by which lactate is chemically removed during
exercise and recovery" (p., 312), The reliability of evaluating
work from glycogen depletion patterns has been questioned, For
exanple, Essen (1378) noted that substrates other *han glycogen
"are available to the muscle cell and can be utilized for enerqy
production, such as glucose, fatty acids, and triqglycerides" (p.
22),

In short, tests of anaerobic func+tioning that required
physiolcgical or biocherical analysis were available bu+ dispute
ccntinued abcut their utility. Tests of this nature had other
majcr drawbacks as well, They were invasive, involved highly
skilled personnel, sophisticated and expensive equipmen*, and
usually involved submitting subjects to workléadé of an
exhaustive nature, thereby requiring considerable subject
comritment and motivation. These considerations, along with
their undetermined reliability and validity, ﬁade such irvasive
techniques unattractive as on-site tests of hockey performance,

Performance tests have also been devised to measure
anaerobic functioning, As stated by Katch et al. (1377),

characteristics of such performance tests seemed obvious:
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"the test must ke of maximal intensity (for a given
individual) and must be performed for as long as
possikle, Mcre precisely, the rate of work must allosw
not only fcr the greatest percentage of enerqgy
production for nonaerobic sources but also for the
greatest differentiation of individual difference in
performance befcre tte *test is terminated or bkefore
aercbic enerqgy production supercedes" (p. 320).

One frequently employed measure of maximal intensity,
albteit for a shcrt duration, was that designed by Margaria,
Aghemo and Rovelli (1966), This measure, involving a run at top
speed up a fligkt of stairs, was purported to estimate anaerobic
pcwer, i.e.,, that portion of anaercbic enerqgy supplied from the
breakdowr of rhcsphocreatine stores in the muscle., However,
Katch and Weltman (1979) reported that this test correlated
poorly with other estimates of anaerobic work and that scores
were correlated highly with body weigh*. The latter point
received suprport frcm a study (Kitagawa, Suzuki and Miyvyashita,
138C) in which obese men (N=14, 20% fa* cr more) scored higher
in averaqge power output on the (Margaria et al. (13966) test +han
lean (N=16, less than 10% fat) or crdinary men (N=21, 10 to
19.5% fat; all aged 18 +c 22), When eight non-obese subjects
added weight belts (i.e., inert mass), their power output scores
incieased *oc arrroximate those of +the obese men,

Katch et al. (1977) reported on the developmernt of a test
of anaerobic work using a bicycle erqometer, After a numker of

studies utilizing various worklcads and test dura+ions (usually

cn rale college students), these authors concluded that
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anaerobic cutput would ke optimized by employing a 40 second
test with a resistance of 5.0 to 6.0 kp. Furthermore, more work
was accomplished by employing an all-out rather than pacing
strateqgy (Katch, Weltman and Traeger, 1976). Anaerobic capacity
was measured in a later study (Katch and Weltman, 1373) Lty the
tctal numker of revolutions during a two minute all-out effcrt;
anaerobic rower was indicated by revoiutions in the first six
seccnds of the test. (The use of a two minute test apparently
reflected the kelief that capacity would not be measured by a 40
second test, even thougqh the eariier work ha& shown a high
ccrrelaticn (r=C€.95, N=58) beiween output at 42 seconds and at
tWwo minutes.) Using the six second and two minutes indices of
anaerchic power and caracity, respectively, Katch and Weltman
(1379) reprcrted correlations of r==-0,57 betveen V0, max,
("continuous" treadmill <est, gas analysis), r=0,.,27 between VO,
max, and anaerokic capacity and r=0,42 between anaerobic
capacity and amnaercbic power (N=16 "healthy" males, mean age was
22.5). The authcrs concluded *that these data ﬁaré supportive of
a specificity hypothesis regarding *he three enerqy systems.
That is, individual differences in the three energy systems are
essentially unrelated to each other" (p. 330); In short, the
authors reported the development of a reliable (r=0,932,
test~retest) test of individual differences of anaerobic power
and capacity, while admitting that "cross-validity iS ...

undertermined at the present time" (Katch et al.,, 1977, r. u426).
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Another recently developed test purporting to measure
contributions of anaeroctic ehergy scurces was the Wingate
knaerobic Test (1377)., This test involved a 30 second all=-out
sprint on a ticycle ergometer after a warm-ur and res+t of
specified duration., Resistance on the ergometer was de+ermined
acccrding tc bcdy weight, Bar=Cr (1978) reported tha* studies o
date had suggested +that output was maximized by utilizing
resistance settings of 0,075 kp per kilogram of body weight on
the Monark ergometer, The numker of revolutiocns was recorded at
five second intervals for a total of 30 seconds. Values vuere
converted to overall mechanical power; pcwer cutpu* in 30
seccnds was thought to represent anaerokic capacity whereas
power output during the five second interval of most revclutiocns
Irepresented anaerobic power, Bar-0Or (1378) reported test-retest
reliabilities of 0.35 to 0.98 (same day) or 0,50 *o0o 0.93 (tests
one to twc weeks apart), Bar-0Or (1978) noted that attempts to
validate the test were still prcceeding, although "it was
somewhat hard tc decide which of the existind tests is valid
enough as an indicator of anaerobic capakility and can serve as
a reference for the Wingate Test" (p, 23). He did report,
however, that studies *+o date had shown a high correlaticn
(r=0.86, N=1€¢ "trained male young adults") between anaerchic
capacity and 0;debt (treadmill, "prcgressive continuous" tést)
and similar values between anaerobic capacity and a 25 mexre

swim (r=0.87 to 0.9C, N=20 "teen-agers") or a 300 me*re run
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(r=0.86, N=20 "teen-agqgers"). The anaerobic power index showed a
correlation cf 0,79 with the'Marqaria et al, (1966) test. In a
recent study, Bar-Or, Dotan, Inbar, Rothstein, Karlsson and
Tesch (1380) adnministered the Wingate test to 19 csubijects
("healthy males, 20- t+c¢ 30=-year-old physical education
students") who also had Lkiopsies *aken from the left vastus
lateralis muscle, These authors rerorted statistically
significant correlations tetween anaerobic capacity and relative
fibre size (averaqe FT area/average ST area) (r=0.63, p<.,01) and
between anaerobic power and the percent of FT fibres (r=0.54,
r<.C5).

Both the Wingate Anaerobic Tes*t (1277) and +he Katch et al,
(1977) test were attractive as measures to be employved in the
field since they were relatively easy tTo administer, a minimum
of =kill and time was required, and they purported, albeit
cautiously, to measure tcth anaerobic power and capacity. The
Wingate test, at 30 seconds, was somewhat shorter than the
cptimal 40 seconds proposed by Katch et ai., (1977), and
considerably shcrter than the two minutes which Katch seemed to
favcur as an anaerokic capacity measure in a later paper (Katch
and Weltman, 1973)., Another difference betweeh the Wingate and
Katch tests was the resistance setting enployed. Whereas *he
latter author favoured a éettinq ¢f 5.0 to 6.0 kp, the Win&ate
test presented a wide range of settings based on body weigh*,

This difference probably reflected subject groups involved in
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the development of the tests; the Katch test appeared to have
been devised using college students whereas the Wingate test had
been employed with "6 aqge groups of children, teenagers and
adults (males and females)" (Bar-Or, 13978, p. 8)., Although Katch
and Weltman (1979) claimed that anaerobic power was always
reflected in the first s=ix seconds of pedaliling, Bar=0r (1378)
stated that the highes* five second pericd should be *aken. (In
a schematic representation of power 6utput, Bar-0r (1978) showed
greatest output between five and ten seccnds; both Katch and
Weltman (1973) and Bar-0r (1977) seemed to agree that inertial
factors of heavy resistance might have delayed maximum pcwer
output.) Although Katch et al. (1977) mentioned a warm-ug,
details were not specified: Bar-0r (1978) presented details of
possible warm-ups and cited evidence that warm-up improved
performance on the Wingate test,

In summary, a few relatively simple performance measures of
anaerobic energy sources were available, Although the Deshaies
et al., (1978) study employed *the Margaria et:al.-(1966) test in
their study and it was a predictor of hockey performance,
reservations akout this test (as discussed above) made it less
attractive than a measure purporting %o proviae scores of both
anaerobic power and capacity. Both the Katch et al, (1977) and
Wingate Anaerobic Test (1977) have reported high reliabiliﬁies
and some indicatcrs of validity; Bar-Or et al, (1980) has

reported some recent data from biochemical analysis which was
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offered as support for *he Wingate Test's validity, The Wingarte
test did include a variety of resis*ance settings based cn work
with children and older subjects, whereas the Katch test seemed
more applicakle to adults, Stated protocol for the Wingate test
alsc included warm-up grocedures; this *test was also the shorter

erqometer test rropcsed,

Summary

It appeared from a review of relevant literature that
measures of anaerobic systems rather than the aerobic systenm
offered more prcmise as rredictors of hockey performance., No
agreement existed as tc the most valid criterion measure of
anaerobic activity. Of +he performance measures reviewed, the
Wingate Anaerobic Test (1977) might be favoured over the Katch
et al, (1977) test because of evidence supporting applicability
to a wide age range of subjects, its shorter (30 seconds)
duration, and srecified warm-up prccedures, Both the latter
tests purported to include indicators of anaerobic power and
capacity, althcugh surrort for such claims required further

validation.
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Specific Skilis

Introduction

This section provided the reader with a brief intrcduction
to some of the terminology employed in this field; a *horough
review of theoretical positions and findings in mo*or learning
and performance was beyond the scope of this paper,

Two ccmmonly used terms which required definitions were
"ability" and "skill"., The Dictionary of Behavioral Science
(Wolman, 1973) provided the following definitions:

"ability - The power to perform an act, either physical
or mental, whether innate or acquired by education ard
practice, Ability, as distinquished from aptitude,
implies that an ac* can be performed rnow. Aptitude
implies that the individual can develop by training the
abiiity to perform a certain act., Capability is the
maximum effectiveness a person can atitain under optismal
conditicns of trainirg" (p. 2). "skill - An acguired
aptitude" (. 348).

Baumgartner and Jackson (1975), in reviewing historical
develcgments in the field of motor ability and performance,
mentioned that the notion of a general motor abili+y had been
widely accepted until the 1360's. This view held that "the
individual who is skilled in one motor task will be skilled in
ancther motor task" and that "performance of many different
motor tasks may be predicted on the basis of a single or limited

numker of test items" (p, 111). The opposing view was forwarded

by Henry (1960) who theorized that motor ability was specific to
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particular tasks and that there was no generalized motor
ability. Not surprisingly, another positicn was presented
(Fleishman, 1964) that performance of a specific skill might be
explained in terms of a few basic abilities. In the latter

position, psychcmotor skill was "defined as one's level cf

proficiency on a specific task or limited gqroup of tasks",

whereas "a psychomotor akility is a more general trait which may

be common tc many psychomotor tasks" (Baumgartner and Jackson,

1378, p» 127). Basic atkilities were viewed as a product cf both
genetic and environmental influences, reflecting development in
childhood and adolescence, Basic abilities limited the rate of

learning and level reached on a specific motor‘skill,

Theories of motor learning were also diverse. In Henry's
{(1560) specificity position, specific motcr programs for each
new movement were learned., Adam's (1971) closed-loop thecry
prorosed that the accuracy of movements was determined by
comgparing the movements to "traces" left by previous movements,
Nonetheless, srecific programs were required for'each movement
in Adam's theory. Schmidt (1975), by comgparison, fproposed a
schema thecry in which a general set of rules were learned; fronm
this general schema, srecific motor programs Qere generated to
perform particular activities. Schmidt (1975) described +*he
processes involved in producinq a movement as follows:

"Learning is possilkle by feeding back the essential

error irformaticn to the schemata. The response
specifications and initial conditions are stored when
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the movement is selected, and the actual proprioceptive

and exteroceptive feedback are stored as the movement is

progressing and as these sources of information are

generated, Finally, the actual outcome is stored, bacsed

on KR [knowledge of results] when it is presernt, but

based on subjective zreinforcement if KR is not presert,

These sources of information can *hen be used to updaze

the schema rules and provide revised estimates of the

expected sensory ccnsequences and resronse specification

on the nex*t *riai" (p. 240).
Kerr (13977) presented evidence to support the schema theory and
suggested that further substantiation of the thecry would pcint
to the develcopment cf "very different” elementary physicail
education prcgranms.

In summary, some definitions were provided of "abilitv",
"skill" and related terms, A brief review was presented c¢f the
positions regarding the generality or specificitv ¢f abilities,
An outline of Schmidt's (1975) schema theory was included to
describe hew specific motor programs might have been generated,
The latter authcr believed his theory was applicable to toth
oper and closed skill situva*icns, Whereas, in closed skills, the
environment and the performer's goal remained fairly constant,
cren skills were defined as "those in which environmental and
situaticnal characteristics can change as the subject plans or
performs his resronse, such as the response that would be
required of a wrestler attempting a take-down" (Schmidz, 1975,
P. 240), Schmidt added that open skills become "closed" after

the performer makes "the best estimate of the changing

environment"; for a brief moment, the environment and goal" were
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fixed in that state predicted by the subject when he planned the
movement" (p. 241), It was this description that seemed
applicable to hcckey performers: players interacted in an open
skill situation but at isolated moments, attempted *o perfornm
specific motor skills with the goals, for example, of beating a
defender in face-to-face confrontation, of passing to a moving

teammate, cr of shocting the puck past a goaltender,

Hockey Skills
Several authors seemed to agree tha*t the essential

specific skills required in hcckey were skating, stickhandling,
shocting and passing (Enos, 1973; Merrifield and Walford, 193639;
Percival, 1360); others (Tarasov, 19373; R.CeRsF., 1966) might
have added checking to the list,

Ore introductory book on hockey (R,C.A.F,, 1366) descfibed
the basic hockey skills as follows:

"Skating - You need tc¢ know how:
- to start and stop quickly;
- to turn either way without losing balance or
speed;
- to skate backwards"(p. 10).
"Stickhapdling - You need to know how:
- to carry the puck forward on your stick;
- to stickhandle around a checker" (p. 11).
"Passing - You need tc know how: .
- to make a pass forehand and backhand;
- to receive a pass forehand and backhand:
- and when tc pass" (p., 12).
"Shooting - You need to know how:
- to shoot fcrehand and backhand;
- tc locate the ideal target areas in the nei" (p.
12),
"Checking - You need to know hcw;
- to poke check and hook check with your stick:
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- to kodycheck;
- to cover a man without the puck" (g. 14),

Tarascv (1973), the innovative Soviet coach, approached the
topic somewhat differently and described the "Top Ten" list of
points or skilles that would assist in classifying hockey
players. Those roints were as follows:

1. Skating: eacsy, unconstrained and powerful,

2., Quick starts: in all situations, ir all
directiocns and with good balance,

3. Speed and suddenness: in all directions and
without any warnming,

4, Technique in skating: turning, stopping,
reversing, changing over from forward to
kackward skating and vice versa, cross=stepping.

5. The abiiity to do everything jus%* as well fronm
left or right: turmn, stop, reverse, cross-siep,
check, break, shoot and pass on the backhand or
forehand., '

6, Stickhandiing technique: light rapid movements,
gentle handling of the puck, using the stick
equailly well to the left or right. :

7. Passing technique: rapid, well-concealed passes
that are easy to intercept, also, the ability to
intercept and utilize a fpass.

8. Shooting technigue: the ability to shoot fast,
unexpectedly, low and skillfully.,

9, Stick checking: fast and unexpected; also the
ability to take charge of the puck after
stealing it,

10. Checking, going down to block shots: both of
these require courage, good co~ordination, sgeed
and determinaticn" (pp. 4=5).,

Tarascv (13973) stated that acquiring different hockey
skills was a complicated process since an irdividual had to
learn *to sticktandle, +o pass and to shoot while also learning
to skate, It was noted, however, that both excerpts quoted above

mentioned skatirng first. Tarasov (1973) said that +here were
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other things to concentrate on during a garge and *that skatring
should be automatic: "By learning to skate effortlessly fror the
very beginning the player will subsequently find it easier %o
manage otter technical details and discover how %0 conserve his
energy" (p. 7). Howe (1872), a famous North Americasn
professional player, left lit+tle doubt as to his opinion ¢f the
impertance of skating: "You will never be a good hcckevy glayer
until you're a good skater, Skating is the first thing that a
scout looks for in a boy" (p. 31).

Therefore, it appeared to be agreed that *the kasic hockey
skills were skating, stickhandling, shooting and passing, Of
necessity, it seemed that the primary skill was skating, It
migkt have reen added *that since srecialized positions existed
in hockey, specialized skills also existed., L gcaltendert's role,
as uell as that of a defenceman, differed from that of a
forward, The skills required of a gocal:tender were most unique
but in many ways, were similar to those of the other players,
i.e,, "surple, fast, strong and possesses an éxcéllent gane
sense, » « » gocd co-~ordination and skates well" (Tarasov, 1373,
P. 80), It was interesting to note that skating skill was again
emphasized. The present study attempted to foéus cn commen
skills rather than delineate the differnces ih the performing of

different positicns in hockey,

43



Studies of hockey skills

Studies of hockey skills have beern diverse. Some (Enos,
1973; Merrifield and Walford, 1963) have examined ratteries of
hockey skill tests, whereas other (Hermiston, 1375; Marino,
1978%) have focused on garticular skills,

Naud and Heclt (1979) examined three types of tockey skating
starts for their quickness and biomechanical efficiency. They
tested six subjects from each of four groups (Professional,
Junior "B", Colleqge and Bantam) and trained all subijects in the
three methods twice a week for eight weeks, When tested for the
quickness cf each start (10 trials for each start), all tut the
Frofessional group demconstrated the superiority (ANOVA:
Bantams-Fp,177 =36.01,P<,05; College-Fp (97 =7.48,p<.05; Junior
"B"-Fa 117 =26.83; p<.05;Professionai~Fy q9 =2.27,p>.05) cf the
"thrust-and-glide" method (i.e., the player pushed off from his
rear foot which was perpendicular to the direction of movement,
rotated the front foot outwardly, and glided cn the front foot%),
Analysis ¢of pictures using a "cinema-computer‘prdqramﬂ also
favoured this method as it reportedly utilized muscular enerqy
effectively in producing the greatest initial acceleraticn of
the centre of gravity, A subsequently reported study (apparentiy
using the same subjects described above) by these authors (Naud
and Holt, 1380) found the "thrust-and-glide" method was alsb
superior +o other techniques when used in a stcp, reverse and

start skating sequence (ANOVA: Bantams - Fz 179 =10.,47, p<.,05;
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Colleqe-Fzgqn =14,90,p<.05; Juniorz"B"=F4 (nn =18,76,p<.05;
Prcfessionals—F, 97 =19.11,p<.C5) .

Marino (1977) utilized a high-speed (100 frames per second)
16mr camera to aralyze skating performance at three different
(raximum, medium and slow) skating velocities (N=10 college
studenrts , varicus skill levels). He reported that although
stride length remained corstant, stride rate increased with
increasing velocity. He also noted that times of single and
double support both decreased with increased velocity. In
another study, Marino (1379) reported data from the kineratic
analysis of four college students, ranging from "highly skilled
to moderately skilled". He found that the greatest period of
acceleraticn cccurred in the 1,25 seconds after movement was
initiated and that, during the first few strides from start.,
85,3 percent of each sfride involved single support.

Other studies examining particular skills included
Wilkerg's (1979) photographic analysis of over 300 goalkeepers
frcm the 10 year old to the professiional levél.'He reported
that three basic stances were adopted by goalkeepers when
preraring to stop a shct but that one stance appeared to become
dorinant as sukjectd increased in age, In attémptigq to improve
specific use of the hockey stick (i.e, 1lifting or depressing an
orrcnent's stick, pushing an opponent's stick to the riqht;
drawing it to the left), Hermiston (1975) examined the use of a

specially designed dynamic resistance machine with two grougs of
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nine to 12 vear 0ld boys, The group {N=6) which practised these
skills (two sets X 25 reps.,bthree +*imes a week for eight weeks)
showed statistically significantly greater improvement in
aprlied streng*hk using the device to measure the four skills
<harn did the ccutrol group (N=6; t values for the four *ests
were from 2.55 %o 4,68, p's <.05).

Numerous skating tests have been rerorted {Doroschuk and
Marcotte, 1965; MacNab, 13973) that have attempted to include
indicators of such elements as speed, agility and puck ccrtzrol,
Dorcschuk and Marcotte (1965), for example, adapted the Illincis
Agility Run for use on ice, They repor+ted a test-retest
reijability cf 0.93 (N=27,aged 18 to 25, variety of skill
levels). MacNab (19793) reported *he use of four iests which
emchasized cne or mcre of the following skills: skating forward,
backward, turning, Jjumging, stopping and starting - some skills
were performed while demcnstrating puck ccntrol. MacNab (1979)
administered tltese tesis each year for five years to plavers who
aged from eigh* to 12 yvears and played in hiqﬁlv-ccmpetitive
{(N=15) or less competitive (N=11) leagques. Both groups
demcnstrated skill‘learning over the five years with the
comretitive rlayers showing higher skill leveis in terms of test
sccies, Hermistcn, Gratto and Teno (1979) reported the use of
three hockey skill tests with 90 players on six teans, varying
in, age from 11 to 18. The tests, ranging in difficulcy from the

Illincis Bgility test mentioned above t0 a complicated measure
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of skating/puck control, showed improved skills with increasing
age.,

Enos (13973) developed a battery of seven skill testes in the
four areas of (1) skatina (skating agility, starts-stops-turns,
forvard skating speed), (2) stickhandling, (3) shootiﬁq (Wwrist
shot, slar shot), and (4) {forehand) passing, The Lattery was
administered to players at four levels of proficiency: Bantam
(N=40), Senior High Schcol (N=40), College (N=40) and
Professional (N=6), All but the professicnal rlavers comgleted

the battery twice., Test-retest correlaticns were statistically

(@)

sigrificant (r=C.,90 to 0.38). The battery was able to
distingquish players according *to the four levels of proficiency.,
Merrifield and Walford (1969) administered six hockey skill
tests to 15 menmbers of a college hockey club who had varying
amounts of playing experience. The tests were repeated one week
later, Low test-retest correlations were fournd for the passing
{(r=0,37) and shcoting (r=0.62) tests and these tests were
eliminated: test-retest correlations varied ffom-0.74 to 0.94
for the forward and backward skating speed, skating agility, and
puck carry teste, These four measures were considered to have
sufficient reliabili<ies "to warrant additionél statistical
treatment" (pp. 150-151)., Intercorrelaticns among the four test
iters were significan+t betvween the puck carry test and each\of

the o*her measures (r=0.71 to 0,78) and between the backward

skating speed and skating agility tests (r=0.391).
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In shcrt, numerous tests of hockey skills have been
reported in *the literature, élthouqh most have not included
reliability indicators. The test batteries of Enos (13973) and
Merrifield and Walford (1969) and the agiiity test of Doroschuk
and Marcotte (1965) were exceptions to this trend: all repor<ed
reliable tests of puck control and the baitery developers both

repcrted reliable measures of skating.

Measures of skills as predictors of overall hockey ability or
performance

As indica*ted above, there appeared to be agreement that
*he basic skills required in hockey were skating, stickhandling,
shocting and passing (Enos, 1973; Merrifield and Walford, 1963;
Pezcival, 1960)., Evidence was less available as to *he promise
of various measures as gredictocrs of overall hockey abiliiy or
performance during games.

Doroschuk and Marcotte (1965) reported that scores on <their
adapted Illinois Agility Run were compared with the inét:ucto:'s
rankings cf the 27 subjects in terms of their "hockey ability",
The biserial correlaticn ketween rankings and times on the
agility test sccre was 0,83. Since the reliability of this puck
carry test was also high (r=0.93, test-retes+*), +he authcr
prcrosed the test as "a screening devise to objec%ively and
effectively rate hockey rlayers at initial *ry-outs, ard also as

a short okjective test for hockey ability" (r. 8).

us



MacNab {1373) used %*ests of skating speed and agility and
puck control in his lonqitudinal study of eiqht tc¢ 12 year old
boys, In ccmparing scores of players in highly (N=15) and less
(N=11) competitive leaques, the author stated that "the more
corglex the skill the greater *he separation between the
ccenretitive and less comretitive groups" (p. 17), Therefore, he
thought that the relatively simple forward skating test %as <he
least discrimina*tive test while a more complex puck control test
was most discriminative., MacNab (1979) failed, however, to
surrort tltese conclusicns by reference tc any statistical
analysis of his findings., Some support for Mackab's conclusions
cane from the study of Hermiston, Gratto and Teno (1379), in
which *he most complex of three puck carry tests correlated mcst
highly (Syearman rho=0.83, N=30) with coaches' ratings of "the
value of the players to their teams" (p. 95). The strength cf
the correlation increased from players at ages 11 to 12
(tho=0.70) to those at ages 17 to 18 (rho=.92), It was:
interesting to note tha* the scores on the simplést test
employed ky Hermiston ¢t al. (1979), i.e., Doroschuk and
Marcotte's (1965) Illinois Agility measure, exhibited
considerakly less relationship {(rho=0,56) witﬂ coaches' ratings
than that reported by Loroschuk and Marcotte (z=0.83).

The rockey skill tatteries discussed above were also
validated by comparisons with hockey ability ratings by hockey

coaches.’Enos (1973) claimed validity for his battery of
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skating, stickhandling, shooting and passing tests as the
battery was able to distinguish players according to the four
levels of prcficiency of the players tested: battery scores were
also statistically sigrificantly correlated (r=0,82Z o 0.932)
with ranks assigned *o players by a panel of seven coaches,
Validity was claimed by Merrifield and Walford (1963) for their
four most reliakle measures (i.e,, forward and backward skating
speed, skating agility and puck carry tests) as these measures
all correlated statistically significanily (z=0.75 to 0.36) wi*h
the ccach's rankings of overall hockey abiliity,
Intercorrelations among *he four test items were statistically
significant for the puck carry test and each of the other
meacsures (r=0,71 to 0,78) and between the backward skating speed
and skating agility tests (r=0,31). On the basis of these dat*a,
Merrifield and Walford concluded the puck carry test "would Le
the best single-item test for determining overall ice hockey
ability" (r. 151).

Deshaies ez al. (1378) employed the skatinglspeed (forward
and backward) and puck carry (stickhandiing) tests develcped by
Merrifield and Walford (1969) and also the skating agility test
of Doroschuk and Marcotte (1966). Although ali these measures
were statistically significantly correlated (r=0.23 to 0.55)
with hockey ability (ccaches' ratings) imn the Deshaies e+ ai.
study, the highest correlation with abili*y (r=0.55) was for

fcrward speed, a variaktle which subsequently entered the
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prediction equation, I* should be noted that statistically
significant relationships were found between measures of forward
skating spreed and stickhandling in both the Deshaies et»al.
(1578) (r=0.49) and Merrifield and Walfoxd (1363) (r=0,78)
studies. This lent some support to the latter authors!
ccntention that the puck carry test was the best single
predictor c¢f hockey ability. The use of a larger sample size
(§=116 vs. N=1Z5) in the Deshaies et al, (1978) study, however,
auqgured for the use of forward skating speed as a probable
predictor of hockey abili*y., Undoubtedly, both skating steed and
stickhandling were important hockey skills, Evidence of
statistically significant correlations ketween the measures of
these two skills suggested that players who possessed a high
level of one skill tended to possess a high level of the other
(at least in terms of scores on measures of these skills),
Skating speed tests required even less equipment +han
stickhandling or puck carry tests. The Merrifield and Walford
(15€3) skating speed *test had the advantage of béinq
administratively simpler than others (Lariviere, lavallee and
Sherhard, 1376) and was possible to accommodate in most fractice
sessions. It was a moot pointi as to whether i% was primarily a
measure of skill or of fitness. Lariviere et al. (1376)
ccntended that their test, albeit five minutes in duration,kwas
moere a fitness measure since skating skill was a less important

contributcr to test results in older boys. Deshaies et al,

51



(1578), however, classified the skating ‘est they emploved as a
measure of skill, Ncnetheless, their data indicated
statistically significant correlations beiween skating speed and
stickhandling (r=0,49) == clearly a skill -- and Letween ska+ting
speed and fitness factors such as anaerobic power (r=0,43) and
leg strength (r=0.23). It appears that skating speed was a
furction cf both skill and specific fitness factors, evern with
reqgard to high level performers. As Hollering and Simpson {1377)
concluded, for example, anaerobic alactic power appeared to play
a limiting role in skating speed but skating speed might have
possibly keen improved through training groper skating
tectniques, When aerobic capacity, as a fitness variable, was
related fo ska+ing speed, the resul:s were guite different,
Skating sreed and aerotic capacity showed virtually no
relationship (r=0,04) in the Deshaies et al, study and, as
mentioned above, Green (1979) noted that low aerobic capaci<+y
did no* necessarily lead o slow skating speed,

In summary, the evidence for a single skill'pzedictor of
hcckey performance was not overwhelming, Both skating speed and
stickhandling did show some promise as predictors, The
simplicity of administration of the skating séeed test made it
somewhat more attractive than the stickhandling measure,

Merrifield and Walfotd (1969) reported a test-retest
correlaticn (reliability) of 0.74 for their forward skating

sreed measure, Validity for the measure was reported as 0.83,
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which represented ccrrelations between *est resulis and <the
coach's rankings of the subjécts' playing ability., This test was
attractive in tkat it could be accommodated in most on-ice
practice sessicns; it was also administratively simple and
required only a stopwa*tch as equipment. Players were asked to
skate as quickly as possible from one goal lire to the second
tlue line, a distance cf approximately 120 feet on a
requlation-marked ice rink, Stickhandling or puck carfv tests,
on the other hand, usually involved the corsiruction of a ccurse
on *he ice as well as instruction and practice in gerforring the

test kefore reliable scores could ke obtained,

Summpary

The lasic terminclogy involved in a discussion of skills
was presented, Hockey skilis were noted as were a number of
studies of hockey skills tha* were reported in the literature.
An examination of available evidence relating measures of hcckey
skills *o perceived overall hockey ability resulted in}scme
support for certain measures, particularly those of skating and
stickhandling., The Merrifield and Walford (13693) forward skating
speed measure was thought to be attractive for use in the field
because of iis ease of administration and its reported

relationship with coaches' ratings of overall hockey ability.
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Bsychological Varialtles

Introducticn

Definiticns of some of the basic terms relevant to the
inclusion of "psychclogical variables™ in the presen* study vere
presented in this section.,

The explanation of behaviour had long been *he challenge of
psycholcgists and others, Behaviour, as defined by Alderran
(1574), was "the total aggregate of human responses that the
person makes to both internal and external stimuli" (p., 1); tc¢
understand behaviour, everything a person "does, thinks, and
feels should be examined" (p. 1), In a search for the
understanding cf behaviour, much attenticn has been given taoc the
ccncepts ¢cf personality and motivation,

Personality had been defined in various ways, Lawther
{1972y, for instance, sta%ted that "Personality is a *term used to
characterize the individual that emerges as the newborh child
grows, matures, and reacts *o the thousands c¢f environmental
stipuli which surround him" (p, 87), Allport (1937} defined
personality as "the dynamic orqganization within the individual
of those psychophysical systems that determine his unigue
adjustments to his environment" (p., 48). Alderman (1374) stated
that perscnality rerresen+ted the

"total psychological structure of the individual. The

personality of a person is an inteqration or merging of
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all the rarts of one's psycholiogical life - the way cne

thinks, feels, acts and behaves, It is this combirnation

that characterizes or distinquishes a fperscn from other

people and tha*t rer:esents the more permanent or

enduring aspects of one's behavioral patterns" (p. 1C9).
In short, perscnaiity referred to the psychological unigqueness
of individuals.,

In attempting to rrovide a concepiual framework for +the
discussion of personality, investigations have varied frcm
Sheldon's (1942) explanation of behaviour as dependent on body
type to a more recent erphasis on personality "traits" (Ca:ttell,
1366) , Traits were "a generalized and dependable way of
thinking, feeling, and otherwise reaciing" (Sartain, North,
Strange and Charman, 1967, p. 35). Traits were to have varied:
they wmight have been commcn to everyone or unigue to
individualis, or determined primarily through the influences of
heredity or environment. Individuals varied in the amoun+t of a
trait they pcssessed (Alderman, 1974). Examples of traits were
extraversion, optimism, aggressiveness, submissiveness and
fcithrightress,

Whereas the study of personality involved attempts at

providing descripticns of individuals in terms of traits or

<

cther concepts, motivation tended to focus cn why people behaved
the way they did. Motivation was

"concerned with the analysis of those factors which
initiate individual action and then direc*t it toward a
particular end or gcal, Its scope is the explanation and
analysis of why certain behavior is initially selected
by the person, why i*t varies in intensity, and why it
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persists™ (Alderman, 1374, p. 185).
Mussen and Rosernzweig (1973)'defined moiivation as a "generic
term referring to activating states of the individual directing
his behavicur tcward the fulfiilment of specific needs" (p,
xviii). Theories of motivation have involved explanations of
such activaticn or initiation of behavicur by the use of, for
example, physiclicgical drives (hunger, thirst, sex, maternal
drive) cor social or learned motives (anxiety, appzroval,
achievement, aggression). In stressing the attention this area
has received, Alderman (1374) noted that one~-third of
psychological literature was related to motivation,

Althouqh this review was necessarily limited, the addition
of *wo further fpoints seemed justified, Cne involved
clarification of what should be included under discussions of
personality or motivation, Aggression, for example, was referred
to as both a personality trait and as a learned motive. As
mentioned above, personality might have involved a description
of an individval's uniqueness in terms of the‘deqiee to which
he/she possessed certain traits, Thus, it might have been said
that somecne was aggressive or evenh very aggressive; it should
have reen noted, however, that this was a descfiptipn of the
individual's behavicur and not an explanation of why the
aggressive +*rait or behavibur was displayed. The use of
aggression as a coanstruct in motivation attempted *o explain +he

behaviour, Whereas some investigators (Lorenz, 1966) stated that

56



aggression Wwas an innate urqge, others (Levin and Fleischmann,
1568) believed tha*t learning influenced the display of
aggression, Thus in the case of aqgression, the explanation of a
par+*icular personality trait was attempted by evoking the
concept of an inrate or learned motive; both the trait and
motive were called aggression.
The seccnd point concerned Alderman's (13974) caution that

"we must not make the mistake in physical education and

sport c¢f assuming that people participate solely because

of some unknown unccnscious, irstinctual need, Rather,

it is important for one to realize that the conscious

deliberation, or free will of +he person reinforced or

initiated by some general, secondary drive is rrobably

closer tc the answer, Motivation thus becomes a

combination of both conscious and unccnscious instincts,

needs, and drives ,... People choose to do certain

things and do them for a multitude of simultaneously

conflicting and congruent reasons" (p, 201).,

In shori, this brief review provided some definitiorns of

terms used in the discussion of personality and motivation,
These two terms were involved in the description and explana%*ion

of human behaviocur, whether within or without the confines of

sport and physical activity,

Psychological variables and sports

Athletes were hardly exempt from efforts to study
personality and motivation. Furtherwore, according to Kirg and
Chi (1974), the study c¢f persomnality in athletics was attractive
in that "athletic structure .., is much less ambiguous +han thaz:

of folitics cr religion and is not beset with the complexities
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cf rumerous confcunding variables as in occupational
structures". (p. 180). Numerous studies have focused on the
personality characteris*ics of athletes versus non-athletes,
€lite athletes versus the less elite, and athletes in one sport:
versus those in anothexr, For example, differences were fcund
betveen elite and non-elite male qclfers {(Heinrichs, 1375,
betveen surericr and average male martial artists (Duthkie,
157€), between different competitive levels in football (Straukb
and Davis, 1971), between female athletes and non-athletes
(Jonesg, 1374), among ferale athletes in different sports
(O'Connor and Webb, 1977), and betvween male runners and joggecrs
and the general population (Harting and'Farqe, 1377) . In a
review of research of the male athlete's personality, Cocper
(15€3) suggested that evidence showed male athletes to be more
cutgoing and socially ccnfident, more socially agqressive,
higher in/social adjustment, prestige, social status and
self-confidence, stronger competitors, less anxious, more
emctionally stable, less compulsive, ‘and to Have‘qreater
tolerance for physical pain than non-athletes,

Some cther reviews, however, did not give the impression of
"consistency" which Cocper (1969) apparently éained from his
litera*ture review, Rushall (1968) '"proposed that personality is
not a significant factcr in sport performance" (p. 164) and
Alderman (13974) concluded that "little success ... has been

attained in identifying an 'athletic' type of personality" (p.
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150). Reasons for the lack of agreement among investigatcrs
included the following: sample sizes had tended to be small and,
therefore, findings lacked generalizability (Rushall, 19€8) ;
identification of personality traits was a function of the tests
employed (i.e., a trait was identified only if the test
purrorted to measure it) (Alderman, 1974): +raits with similar
labels but from different tests might have been measuring
dissimilar behaviours (ncnstandardization) (Cocoper, 1969);
definitions c¢f what constituted an athlete have varied (lawther,
1972) ; differences between athletes and ncn-athletes have
disappeared when matching for motor ability occurred (Merriman,
1560C) .

Straul and Davis (1371) were also cri+tical of available
instruments for measuring personality factors in athletes., They
ccmmented that faulty research desiqn, misinterpretation of
results, and a dearth of valid, reliable and obijective
instruments negatively affected personality research, Showing
scme optimism, however, they anticipated thai thése problems in
personality assessmeni, particularly with respect %o +he
assessment of athletes, would be alleviated as research
ccntinued in this relatively new field. ‘

Rushall (1978) was specifically critical of the trait
theory or the use of rathér general traits in explaining
behaviour and =aw mcre rromise in *he development of

"environmental specific behavior inverntories". He described the
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task as being one of discovering the "responses of which an
individual is or is not capable in cer*ain stimulus situations,
This interpretation implies prediction through the definition of
srecific environmental circumstances that are necessary for a
certain behaviour tc occur" (Rushall, 1978, p. 99). He reported
{Rushall ard Fcx, 1980) the cons:truction of "An
Approach-~avoidance Motivations Scale for Srorits" and suggested
that similar scales could be developed for a variety of sports,
Support for the use of instruments specific to particular
situations also came from Martens and Simon (1377) and Ostrcw
(1577)y, amcng cthers.

Morgan (1980) contended that trait theory had undergqone
periods of general support and of criticism for many years Luz
believed that, despite methodological and conceptual proktlems in
emgploying "trait theory", the ifheory should no* have been
abandoned. Morgan (1380), in his review of the "+trait psychology
controversy", stated that

"It is prokably time to discontinue the argument about
the value cf trait thecry in predicting behavicr., Trai=z
theory is clearly of limited value where one is
interested in the description, explanation, and
prediction of behavior, If continued fprogress is to e
made irn sport psychoclogy, however, it will be necessary
to employ other models that may or may not rely on broad
traits. Any dependent variable *hat accounis for 20-45%
of the variance should theoretically be useful in

predicting ktehavior if utilized in concert with other
dependent measures" (p. 23).
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Morgan (1980) reviewed a considerable number of studies ang
concluded that, in fact, "yarious personality trait+s have
consistently been okserved to account for 20% +o 45% of +he
variance ir spcrt performance" (p. 23). He added that *+he use of
psychological variables in concert with physiological factors
would have accounted fcr more of the variance in behaviocur,

The study cf motivation in sport has, not surprisingly,
included discussions of motivational concepts found in attempted
explanaticrns of behaviour in all se*tings, Alderman (1374), for
instance, reviewed mrotivational *+heories involv}nq concerts such
as instinct, drive, needs and incen*ive and discussed their
relevance tc spcrt, He then specifically focused on achievement,
aggression and affiliation as prominent métives in sport or,
more specifically, “general motive-incentive systems which,
though rooted in traditicnral or historical instinctual patterns,
are both individually and culturally determined" (g. 202).
Alderman (1974) reiterated that underlying behaviour was most
likeliy a complex of forces, bo*h innate and ieafned,‘conscioué
and unconscious, .

Lawther's (1972) review of motivation in sports included
reference to pleasure (rlay for the joy of livinq), achievement
(excelling at a task), psychoioqical aspects (expressing
agqression), ard rewards (intrinsic or extrinsic). Epuran énd
Horghidan (1968) concluded that there were three cateqories of

motivational factors in sport:
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1. movement need, similar %*o Lawthert's (1972) statement that
man had an innate need to move;

2, need for self-asser+*ion, i.e., the drive towards improvement
and "at the same time towards exposing ore's self +o0 oneself
and to others" (p. 144), and;

3. motor hatits, i.e., habits of some strengtk which, thkrough
practice, have beccme part c¢f someone's way of life.,

Butt (1376) proposed a four-levelled model of sports
motivation, the levels reflecting biological, psychological and
social influences and those from secondary or learned
Teinforcements, Butt hyrothesized that a biological or life
force energized sports behaviour which was shaped by various
reinforcenent contingerncies, On a psychological level, the *hree
Bost important styles of sports motivaticn were aggressich,
cenflict and competence, Social motivation involved two
constructs, competition and cooperation. Butt {(19376) suggested
that interacticn occurred as follows:

"Aggressive motivation and neurotic conflict are most
likely to lead %o competitive social motivation and, to
a lesser extent, tc cooperation. Competence motivation
is most likely to lead to cooperative social motivation,
Both the ccmpetitively and cooperatively motivated will
be affected by +the reinforcements of sport. The external
rewards will usually be most important to the |
competitor, however, and the internal rewards to the
ccopezatcr" (p. 2).

Studies of particirants in sport and motivaticn have

included many of *he ccncepts mentioned above, Jones (1974), for

exanmple, found that female athletes scored more hiqhly or a

62



measure of aqgressicn than did non-athletes., Cooper (196%)
reported that athletes showed a greater motiva*ion to achieve
than did ncn-athletes., Fcdero (1976), however, used +two pmeasures
of achievement motivaticn with 60 male and 60 female gymnasts
but found no significant relationships between scores on these
measures and skill in gymnastics, Cohesiveness, perhaps an
indicator of man's need to aiffiliate, was shown *o bé positively
related to a team's performance (Bird, 1977; Nixon, 1977;
Widrevyexr, 1377),

One concept that received considerakble attention, bcth
withir and withcut spoits situations, was aggression, Delkate on
this concept was many-faceted: much interest was shown in the
effects on the viewer c¢f watching aggressive behaviour (Puleo,
1378; wWurtzel, 1977); numerous investigators (Foss and Fcuts,
1977; Patterson, 1974) have cited evidence that most
conveniently placed aggression in ei*her instinctual or social
learning theories, and; others have examined the relatiorshir
between aggression and other psychological (Edmuhds, 1977) or
physiological (Ehrenkranz, Bliss and Sheard, 1974) indices.

Interest in viewers' reactions to aggression was prcbably
precipitated by some rather dramatic anecdotés inyolvinq
televised viclence and subsequent aggressive actis committed by
viewers. In citing such anecdotes and reviewing literature cn
the topic, Wurtzel (1977) stated that, although the evidence was -

inconclusive, there appeared to be a relationship betweern
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viclence cn televisicn and subsequent disrlays of aggressior.
Since many sSrorts were seen as involving aggression, spectators
have been studied at srcriting events. Sysier (1377), for
exarple, reported that, although underlying aggressive
tendencies relat*ed to cver+t displays of "aggression® aé a
spectator, the greatest proportion of such aggression was
acccunted for by interest in the sport,

Whether a viewer or spectator should have reacted to
aggression with displays of increased or decreased aggression
was the focus c¢f thcecse interested in the origin of aggression as
a motivator. Twc basic theories were prominent: one held that
the urge tc aggress was innate and the other that aggressive
kehaviour was shaped through learning. Lcrenz (1366) was one
proronent of aggression as being instinctual enerqgy., He Lkelieved
that aggressive behaviour was one way of releasing contained
feelings or emctions; this release of enerqgy was termed
"catharsis". Lorenz “hough% that competitive sport might have
been "conceived of as a ritualized form of inétiﬁctive
aggression'" and "provides an important means of curtailing
viclence in society" (Zillman, Johnson and Day, 1974, p. 139).
The opposing view, i.e.,, that of social learninq theorists
(Rezkowitz, 1970), was that the tendency toward aggressive
behaviour, like all behaviburs, would have been strenqthened if
positively reinforced. Thus, for instance, one might have

expected aggressive play ¢ reappear on the playing field if zhe
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aggressor Wwere praised for suchk behaviour., Since *hese
conflicting theories have prédicted opposite reactions tc
initial aggression, many investigations have focused on testing
the theories experimentally, Findings have been cited to support
both positions: Patterson (1974) and Schneider (1973), fecr
example, found that aggressiomn in foctball players increased
rather than diminshed over *he course of a season: o*hers
(Canaris, 1973; Foss and Fouts, 1977) have cited evidence
supporting catharsis, i.e.,, that aggression reduced subsequent
aggression, Perhaps a blending of the *heories was most
palatable, Alderman (1974), for example, proposed that

"Each person is born with a capacity and a need to mcve

against his environment - tc be aggressive. This

caracity is develofred to a lesser or fuller degree

during the remainder of his life, depending largely on a

continual series of complex learning experiences" (p.

231).
Individual differences might have reflected a combination of
kiclogical and environmental determinants, Different
reinforcement contingencies would have been reflec*ed in the
exrression of aggressiocn as a situation-specific response. "For
exarple, a boy who is agqggressive in football may be quite +imid
in the classrocm or in a social situation where he feels (or
kncws) his level of competence is infericr to that of otter
peorle" (Alderman, 1974, p. 239),

The relationshir between aggression and physiclogical

variables, especially testosterone, has been studied. Rerorts
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have stated that increased tes+tosterone levels were noted in
more aggqressive male prisoners (Ehrenkranz, Bliss and Sheard,
1974) and male patients in a mental health facility (Kedenburg,
1377)» Other studies (Monti, Brown and Corriveau, 1277) failed
to show any relationship between aggression and testosterone
levels in 101 healthy male volunteers, In ca*egorizing previous
research, Kedenkurqg (1977) noted *tha* regorts of
aggression/testostercne relationships only appeared in studies
invclving instituticnalized subijects, Kedenburg cited the need
for further experimentation to clarify the issue,

In summary, the study of personality and mo*ivation has
included a focus on athletes, Despite evidence for differences
in measures of psycholcgical functioning between elite athletes,
athletes and ncn-athletes, findings were inconclusive;
methodological and conceptual problems were alsc noted,
BRggression was arbitrarily chosen as a concept for further
discussion. Debate has continued over the conceptual
underpinnings of aggression; evidence for eacﬁ opbosinq
viewpoint was equivocal, Interactions with other ccncepts might
have clouded findings to date: consideration of, for example,
self-esteem (Van Gorder, 1975), team versus iﬁdividual storts
(Martin, 1377), or variables such as extroversion or neuroticism
(Edmunds, 1977) might have aided in interrreting aqqressive\
behaviour., Destite the obvious problems, Morgan (1980), for ore,

saw the value of utilizing psychological variables, particularly
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in concert with physiological indicators, %o better predictions

of performance in sports,

Psychological variables and hackey

tudies of psychological variables with respect’to ice
hockey have focused both on teams and on individuals. Data on
teams included, for example, a study by Carron et al, (1577) who
administered a motivation questionnaire *c 183 players from 12
ccllege hcckey teams, Players were asked *o indicate their
degree of satisfaction with their personal and their tean's
performance over the season, The study found that successful
teams (with a winning percentage of at least ,630) showed
statistically significantly (F=12.54, p < ,OOI) more
satisfaction with team performance than did unsuccessful teanms
(with a winning percentage of .400 or lower) but +*hat thefe were
nc differences Letween these teams in terms of satisfaction with
individual performance, A study by Ball and carron (1376), which
utilized the same sample as described above in Carron et al,
(1577) , ccmpared responses on guestionnaires assessing tean
cohesiveness and participation motives for successful and
unsuccessful teams., Through stepwise multiple regression
analysis, Ball and Carron found that 95 percen* of the
variability in rost-season success was accounted for by +*he
cchesion variables of midseason teamwork or closeness, enjoyment

and early seascn self-motivation (R=0.973). A study of a minor
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hockey league Ly Russell and Drewry (1376) indicated +hat
aggression. displaved by a team was statistically significan+tly
related to leagque standing (F4ﬂ4q:=2.81, p<.05), that aggression
increased during the ccurse of the games (F 2,259 =5,97, <01,
and that the frequency cof the aggressive behaviour related to
existing game score (}<1=81.0, df=6, p<,001). Aggression was
discussed Ly Russell and Drewry (13976) in terms of its relation
to frustration (Dollard, Doob, Miller, Mcwrer and Sears, 1939)
and competition (Berkowitz, 1962), Russell and Drewry contended
that aggression, a likely result of the competitive and
frustrating situations fcund in hockey, might have been
manifested in the numker of penalties during a game, i.e,, those
incidences of rhysical aggression and challenge to the authcrity
of game officials which frequently resulied in the assessment of
penalties.

Measures taken on individual hockey players included those
by Chien (1978), who ccllected data on a varie+y of
physiological, psycholcgical and skill variabies-on 21 cclleqé
players. Among his findings were psychological test results
showing that the players became mcre outgcing, ambitious,
intense and ready to fight as they proceeded £hrouqh a hockey
season, Bird (1573) reported that eight o 11 year old hockey
playing girls (N=17) were statistically significantly différent
from 44 bcys of similar ages who played hockey on the

"tough-minded" (Hotelling's T2 =5,68, p<.01) and "enthusias*ic"
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(Hotelling's T# =4,03, p<.01) scales of the Children's
Fersonality Questionnaire, Deshaies et al, (1378) found a
statistically significant correlation (¥=116; r=0.34,p<.(5)
between achievement motivation and coaches' ability ratings,
McCarthy and Kelly (1978) examined aggression (against other
individuals) ir coliege hockey players (N=40) and found that
those rated high in aggression (N=9) scored statistically
sigrificantly mcre goals for the two years studied
(t=4,48,p<,05;t=5,85,p<,002), took more shots on goal
(t=2.22,p<.05;t=3.78,p<.05) and scored cn more of their shots
(25.4% vs. 15.8%) than players rated low in aggression (N=9).
Additional support for +his finding came from Russell (1374),
who also discovered a s+tatistically significant relationshir
between gocal sccring and some measures of aggression (N=€¢ teams:
r=C0.19,r=0,20, p's<,05), The latter two studies determined
aggression by examining leaque records as to penalties taken
and, in Russell's (1374) study, by games played and average
percentaqe.of ice +time., Scaramella and Brown f1978) found a
relationship ketweern serum testosterone, a possible correlate of
aggressive behaviour and coaches!' ratings on a seven-itern scale
of colleqe hockey players!' responses to aqgreésiveﬂsituations
(N=14;r=0,55,p<.05),

Relating measures of aggressicn to performance in hcckey
was not withcut problems, As Widmeyer and Birch (1979) ncted,

styles of play in the *eams studied might have affected +*he
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results on any analysis. For example, aggressive play might have
been encouraged more and penalized less in the professional
leaques tlran at the amateur level, Relaticnships between
aggression and successful performance should have also been
exausined over fime as atypical years might have shown less than
enduring relaticrships. Widmeyer and Birch also observed that
differences in the definitions of individual aggression and
performance were no* ccnsistent. Russell (1374), for‘example,
used goals and assists as criteria of performance and found
statistically significant relationships lketween these indicators
and hkis measure of aggression. Widmeyer and Birch (1979) defined
a successful performer as an "all-s*tar”, claiminq that such
designation cften included +the possession of defensive skills
and leadership quaiities, in addition to goal-scoring prcwess,
The latter authcrs found no relationship between being selected
an all-star and the averadge number of penalty minutes per
individual., The definition of aggression was also important,
Widmeyer and Birch (1979) noted that some aqdreséivevacts in
hockey went ungenalized whereas seemingly unaggressive behaviour
(such as delay c¢f the game) might have resulted in penalties.
McCarthy and Kelly (1378) considered only actg of "physical or
vertal actions tha%t were directed against another individual"
{p, 97) in their index of aggression whereas, for example,\
Widmeyer and Birch (1379) considered all penal*ies., The latter

authors suggested that aqreement by some panel of "experts" was
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needed *o determine what penalties were, indeed, "aggressive
penalties"™., Thus, although some measures of aggression have been
shecwn to be related to some measures of hockey performance, the
findings in *he literature were inconsistent and did not clearly
suggest one indicator of aggression as the Lest poiential

predictor cf performance in hockey.

Potential psychological predictors of hockey performance

From the above review, it appeared that evidence relating
psychological variables to athletes and, specifically, tc hockey
players was equivocal., The selection of potential predictors of
hockey performance secemed, of necessity, to be somewhat
arkitrary, Team cohesiveness appeared %o be a useful concept tut
was limited to emplcyment with teams, preferably of players with
concsiderable familiarity with one another. Aggression shcwéd
some promise as a predictor of performance, but the selection of
a measure could not be based on any definitive previous study.
Many measuzes cf other rsychological variables lacked |
specificity to hockey or, indeed, to sports situations, Measures
adarted frcm the aprroaches of Rushall (1978) or But:t (1579) did
offer some specificity to athletics but did rnot have impressive
statistical support. Hence, it appeared that selection of
motivation or aggressicn measures for use in a study of hockey
per formance would have involved a subjec%ive appraisal of such

factors as the specificity of a measure to hockey or sports
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sitvations, its economy in *terms of *ime and inconvenience *o
the subjects, and the ease of administration. Furtfher use of
psychological measures could have been of value in assessing the
measures' validity and reliability, particularly with regard *c¢
hockey performance.

Butt's (1973) self-report scales were purported to measure
aggression, conflict, competence, competition and cooperation.
Use of the scales had resulted in findings (in*ercorrelations
between the five components which were in the predicted
direction) whict supported the model; further utilization of the
instruments might have lead to specific interpretations in
particular sports or situations. (Test-retest reliabilities
varied frcm 0.50 to 0.80; correlations with numerots subscales
of cther instrzuments ranged frem 0.18 to 0.67; males (N=€7) and
females (N=121) of varying ages took part in some initial
studies). Eutt's 25 item Sports Scale was attractive in that the
instrument was simple *o administer and could be completed Lty
subjects of various ages in a few minutes.

Deshaies et al, (1978) utilized the Mehrebian Achieving
Tendency Scale for Males, a paper—-and=-pencil measure designed to
detect differences in need for achievement (sﬁlitvhalf r=0,6¢9,
test-retest r=0,78), Although a successful predictor of hockey
akility, the resulting scores on this scale indicated that\the
mctivation tc avoid failure was greater in the subjects than the

desire to succeed. This finding seemed to disagree with the
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results of a siudy Ly Lesharnais (1375) that a strcng motive to
succeed would have been reflected in confidence and
determination and, therefore, positively affected performance.
Improvements of such general measures might come from the
develcpment cf scales specific to particular sports or
circumstances,

Rushallt's (13978) "environment specific" approach would have
necessitated the develcpment c¢f a scale specific fo hockey, but
such develcpment could have peen based orn the description of
scale design prcovided by Rushall and Fox (1380)., The develorment
of suct a hockey scale, subiject to an examination of validi=zy
and reliakility, could have added to the available assessment
tools of hockey performance,

Although the measures of aggression employed Ly McCarthy
and Kelly (1978) and Russell (1974) showed sche prcmise as
pctential rredictors of hockey performance, these measures were
typically based on +the rlayers!' performance (peralties) in
previous or current seascns, Since many of thé piayers or any'
.tean played in different leagues or, indeed, leagues of lower
calibre in previous scasons, it seemed inappropriate %o kase a
reasure of aggressicn sclely on performance iﬁ past yveares., If a
season was just beginning when piayers were tested, then penalty
statistics would not have been available for tha*t year, Item €
0of the =scale developed by Scaramella and Brown (1378) was

attractive as a simrle measure of aggression, This instrument
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relied on the ccach's ranking of each player's response in
aggressive situations; the coach was perhaps the best person to
make such judgments since he had usually followed most of the
players fcr some *ime, even though they might have plaved in
other leaques in the past, Even at the beginning of a season, he
had observed their play in training camp, exhikiticn games and
in rumerotcts practices. The possibility also existed that this
simrle scale cculd have been employed as a self-rerort measure,
Morgan (139793) listed five psychological inventories which
he had emglcyed in his own research involving athletes ccmpeting
for places on Clympic teams. Of these instruments, Morgan
favcured selec*ed scales of the Profile c¢f Mood States (EOMS)

and the Eysenck Personality Inventory (EPI) as the "most

]

consistent predictors’ of performance in sports, He noted, for

u.

exarple, a study by Nagle et al., (1375) in which the conformity
or lie scale of the EPI accounted for 34 percent of the variance
when predicting which wrestlers would be chosen for an Olympic
team.-The next strongest predictor was the sécre'obtained on the
tension subscale of the EOMS.

The use of the EPI and POMS, as advocated by Morgan (13739),
was thought to ke appealing because these meaéuresahad been used
extensively in the past, Although they had beer used with a
variety of athletes, Mcrqgan did not report their use with Hockev
players. (Chiern (1378) used the POMS with hockey players but not

tc predict perfcrmance; Maloy (1376) found the EPI useful in
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selecting elite goaltenders,) Thus, it would be interesting *c
compare responses of hockey players with those of cthers as
regpcrted in the literature, It would alsoc have been of value to
correlate responses on the EPI and POMS with those on the scale
adarted from Rushall arnd Fox (1980) and Buti's (1979) Sports

Scale in an attempt to validate the la*+er instrurents,

Summary

t appeared from a review of *the literature that
psychological varialkles offered some promise as predictors of
hcckey perfcrmance, esgecially, as Morgan (1980) contended, if
such variakles were used in concert with physiological measures,
I+ was also no+ted, however, that cocncern was expressed about a
variety of methcdolcgical and conceptual problems in utilizing
psychological measures., This concern, coupled with a pletﬁoza of
available instruments but few studies in hockey, lead to
discussion of a relatively few and sometimes arbitrarily
selected pctential predictors of hockey performance,

Instruments that were noted included a simple rating of
aggression, the recently develcped Sports Scale of motivaticn
(Butt, 1379), and the more extensively used Eysenck Personality
Inventory (EPI) and Prcfile of Mood States (POMS)., The
possibility c¢f developing an "environment specific" motivaticn
scale, adarted from Rushall and Fox (1980), was also discussed,

It was noted that some value would have been derived from
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relating scores on the mcre recenz, specific measures to +hose

cn more general trait reasures,

Ferceptual=Motor Variakles

Introduction

Since perceptual-motor was an obvious juxtapcsitiorn of iwo
terms, definitions of these terms and cther terminclogy employed
in this field were provided,

Percertion was defined in the Dicrtionary of Behavioral

Science (Wolman, 13973) as "The process of ob*aining informa*ion
about the world through the senses" (p. 273). Lawther (1572)
forwarded the following definition:
"Percepticn is the rather prompt organization and
interpretation cf experience which fcllows sensory
stimuli, providing that the stimuli are not completely
novel, Perceptions are usually the result of a prompt
organizaticn of patterns of stimuli rather than +the
interpretation of cnly one stimulus. The background and
context of the situatior are also sensed and. affect the
precise interpretatican" (p. 105),
Thus, perception differed from sensation, i.e., the impinging of
stimuli on recertors, in that interpretation or cognitive
organization of the sensory events was involved in percerticn,
Cratty (1273) linked the term, motor, to the more general
"govement kehavior", which he defined as "over:* mcvements of the
skeletal muscles" or "gkservable rmovement of the body, excluding

such functions as visceral changes, conduciion of nerve
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impulses, and circulaticn of body fluids" (p. 3). Crat+ty (1373)
ccnsidered motcr: perfo:mance'to be an aspect of movement
behaviour that was "goal-centered, purposeful, measurable,
observabie mcvemen* behaviour of relatively short duraticn" (p.
iO). Performance differred from learning in that learning
rrcduced rather permanent change in behaviour resulting from
practice, whereas perfcrmance involved a short-term display of
behaviour, Learning might have been studied by analyzing changes
in various measures of performance over time.

The terms, ability and skill, menticned in an earlier
section of this charter, deserved repetition here, Fleishman
(1968) defined abiliiy as

"a more general trait of the individual which has been
inferred from certain response consistencies

(correlations) on certain kinds of tasks, These are

fairly enduring traits, which in the adult are more

difficult to change" (p. 545).
Fleishman considered that most abilities were dependent c¢cn toth
genetic factors and learning to some extent, He stated +ha+*
"skill refers to the level of proficiency onja sbecific task or
lirited grcup of tasks" (p. 456), Cratty (1373) stated that
motcr skill was a "reasonably complex motor perfcrmance™ and
emphasized that '

"skill denotes that some learning has taken place and

that a smocthing or an integration of behavior has

resulted. Extraneous movements have been omitted, and

the performance is executed with increasing speed and
accuracy, a decrease in errors ».." {(p. 10),
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Salmela (1976) contended that motor learning had spawned
sports psycholcgy and "psycho-motor performance" and that these
were the "two major academic areas of ccncern on the North
American ccntinent regarding the psychological aspects of human
physical activity «.. "(p. 23). The use of terms such as
psycho-motor, perceptual-motor or sensory motor were, as Cratty
(1573) noted, indicative of the attention directed to
interactions between inpu% or perceptual prccesses and output or
mctcr processes,

"Some of the findings from studies in which +*te

percertual lases of motor activities have been explored

offer cbvious quidelines for the improvemen* of

instruction in motcr skills, while other information

emanating frem these investigations contributes *to mcre

bagic understandings of how humans perceive, move, and

develop during the earliest months cf 1life" (Crattiy,

1373, £+ 7).,
Cratty continued by explaining his multi=-channelled theory cf
develcpment in which branching between parallel channels
reflecting verbal, motcr, perceptual and cognitive functionning
resulted in the acquisition and developmen*t of various
ccmpetencies in the maturing child. Welford (1268) employed the
terr, sensory-motor, and noted the difficulty in distinguishing
between sensory-motor and mental skills.,

"All skilled performance is mental in the serse that

perception, decision, knowledge and judgment are

required, At the same time all skills involve csome kind

of co-ordinated, overt activiiy by hands, organs of

speech or cther effectors" (Welford, 1968, p. 21).

Thus, senscry-motor skills involved both a mental and overt

78



motcr compcnent,

The discussion abgcve prdvided definitions of some of the
terminology attending the use of the term, perceptual-motor., The
latter term aprarently reflected an appreciation of the
interaction Le*ween perception and motor behaviour, Perhaps, as
Ssinger (13580) ccmmented, "Cognitive processes are much mcre
invclved than heretofore realized by many scholars and
practitioners ir the acquisition of complex motor behavicrs" (p.
25) . Cratty (1973) c=eemed to concur as he noted that simrle
-resronse tasks, while sometimes being termed motor, appeared to
require considerable use of perceptual fac*tors, He cautiocned
that "Many of *the so-called motor skill investiqations have used
tasks that are largely ccgnitive or perceptual in nature, witl
the mctcer compeorent of the task being a relatively simple,
“unchanqinq,’and minor portion of the behavior measured" (p.
430). Thus, although scme agreement on the use of the term
perceptual~motor, seemed apparent, the intricacies involving
interactions ketween perceptual and motor probesées remained

unexplained,

Perceptual-motor variakles .

Before citing studies of the perceptual-motor behaviours
of a*hletes, 1t seemed appropriate to provide some delineations
of variables found in this field so that the reader might have

been assisted in putting subsequent discussionhs in contest,



Lists of perceptual=-motor or psycho-motor variables have
ranged fror general descriptions to0 complete *taxoncmies, (Harrow
(1572, ps 183) considered perceptuai-motor and psycho-mo*or tc
be synomymous terms.) A general descripticn was prcvided by
Baumgartner and Jackson (1975), for example, who reported that
flexibility, balance, kinesthesis ( perception of the body in
space), and perceptual-motor development were "accepted
ccoponents of +the psychomotor domain"™ (p. 163). (The distinction
ketween psychomotor and perceptual-motor was no%* clarified,)
Cratty (1969) proposed a three-level theory of perceptual motor
behaviour which included as a base, general behavioural supﬁorts
(aspiraticn level, arousal, ability to analyze a task,
persistence at a task), as a second level, ability traits
farm=leg speed, finger=-wrist speed, ballistic strength, static
strength, *runk strength, wrist-arm accuracy), and, at the
uppermost level, factors specific to *the task and situation
(past experience, spatial dimensions, practice conditions, force
requirements, amcunt of visual monitoring, sdciai conditions
present).,

Exanples of psycho-motor taxonomies included those cf
Fleishman (1968) and Harrow (13972). Fleishman‘(1968) repcrted
the emergence of the follcwing perceptual-motor abilities from a
"series of interlocking sﬁudies" (p. 549): control p:ecisién,
multilimb cocrdination, response orientation, reaction tine,

speed of arm movement, rate control, manual dexterity, finger
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dexterity, arm-hand steadiness, wrist/finger speed, and aiming.
To +he above atilities, Fleishman added nine skill or physical
proficiency factors to complete the taxoncmy: +he skills
included tyres cf fiexibility, strerngth, coordination, balance
and stamina. Harrow's (1372) taxonomy of the psychc-motor domain
was too extensive *to describe fully here as it included six
classification levels, 20 subcategories and numerous divisicns
and subdivisions, The s=ix classification levels were reflex
movements (included as rrerequisites to following levels),
basic-fundamental movements, perceptual abilities, physical
abilities, skilled movements, and non-discursive communication
(facial expressicn, interpretive movements).

This brief review was intended to provide the reader with a
flavour of the scope oi the perceptual-motor or psycho-motor
domain (see, for example, Harrow (1372) or Merrill (1372) for
more complete reviews) . Although the cateqories Fleishman (1968)
provided were derived frcm research findings, he added tkat
these cateqgories were not all inclusive, Fleiéhmén Teported the
use of extensive perceptual=-moior and cognitive test batteries
to identify ability factors relevant to a complex tracking tacsk,
Subsequently, a skill training program was deQelopgd utilizing
research findings.,

Examples cf research examining many of the variables listed
ahove,kusually-in relaticn %o cther factcrs, were readily

available. For instance, Flowers (1375) reported a relationship
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betweeﬁ hand preference and skill on a "tapping" test (wrist and
finger speed)., Williams (1974) found a relationshir between leg
strength and speed of kody movement. Barrell and Trippe (197%5)
repcrted a difference in field-dependence (a perceptual ability)
and skill in various sports. Dickimson (1963) found no
relaticnship between distance perception and an aiming task. The
perceptual~motor variable in most common use, Lowever, was
reaction time (Morris, 1377). A selection of some of the
research involving reaction time was included below,

Although reaction time was the common term, studies in this
area were cften concerned with other aspects of responding to a
stipulus, Reaction (or decision) time actually referred to the
elagsed time between the onset of a stimulus and the initiation
of a response by a subject; total response time was the elapéed
time between stimulus cnset and completicn of a response;
sovement time was +he difference between tctal response time and
decision time (Cratty, 1973; Lawther, 1972). Experiments
involving these variables might have varied cénsiderablv in
complexity: situations involving a single stimulus and respcnse
were said to involve simple reaction time, whereas those with
multiple stimuli and restonse possibilities wére termed complex
reaction time situations.

Studies of response speed might have involved, for exarmple,
exanminaticns of the aprarent effects of age on restonding

{Fulton and Hukkard, 1575; Nebes, 1978), the relationshir
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Letveen reaction and mcvement times (Heniy, 1361: Maagill and
Pcwell, 1575), cr relationships between response steeds and
psychological "states" such as depression (Byrne, 1375) cr
retardation (Gcsling and Jenness, 1974).

After examining the response speeds of nine *c¢ 17 vear olids
(N=250), Fulton and Hukkard (1375) reported that, while Loth
reaction times and rmovement times tended to decrease witlh age,
females had faster reaction times and males faster movement
times. The authors‘ccncluded that strength seemed to contrikute
tc movement time but nct reaction time, Surwillo (1977)
reported, after studying simple and choice reaciion times in
boys (N=1C8) frcm fcur to 17, that "5-year-olds to0k nearly
three times longer than 17-year-olds to process one pit cf
infcrmation® (p., 37)., Although response speed apparently
improved during adolescence, most investigations had cited
decline with increasing age beyond that (Baumgartner and
Jackson, 1375), Nebes (1578) found, however, in a comparison of
resronse cspeeds cf young (mean age was 18,9; ﬁ=32) and elderly
(nean age was 67.,7; N=32) subjects, that the "usuali age
decrement in response latency" (P. 884) was evident when
sukjects responded manually but not when they‘requnded vocally,
Thus, Nebes concluded that the decline in response speeds with
age might ro%* have Lkeen a general rhencmenon. |

Debate had continrued for many years about the relationship

between reaction time and movement* +ime, Whereas scme writers
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(Henry, 1961) reported no relationship between *hese variables,
others (Pierson and Rasch, 1960) found statis+ically sigrificant
Teaction time/mcvement time correlations. In a more recent
paper, Magill ard Powell ({1975) pcstulated that an "essentiall
zerc" relationship between reaction and movement +times, if
valid, should not have Leen affected by the "manipula*ion of
various experimental variables" (p., 720). Their finding cf a
statistically significant relationship for males (N=18) and not
females (N=18; koth grcups were college students, ages 13 +o 24)
caused them to question the generality cf the "essentially zero"
position,

The decision time-movement time relationship was also
examined with respect to other variables. Byrne (1975), for
instance, found no relationshirt between these variables in
control subjects (N=15; mean age was 36,5 years) but a
statistically significant correlation in depressive subijects
(N=30; mean age was 40,6 years; 14 males, 16 females), Ir a
subsequent study, Byrne (13976) reported that 6nl§ decision time
(ard not mcvement time) "was further sensitive %o clinical
variation within the depressive state" (g, 1439), in that
decision time was statistically siqnificantly‘lonqer in the
psychotic (N=15; mean age was 46.1 years) than neurotic (N=15;
mean age was 35,1 years; 7 males and 8 females in each qzoﬁﬁ)
depressive subjects, Other studies focused cn differences in

resronse speeds between retarded and nonretarded subjects,
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Gcsling and Jenness (1974), for example, found that increasing
the period between reaction ﬁime trials had affected retarded
(N=12; mean age was 17.3 years) but not nonretarded (N=1z: mean
age was 17.1 years) sukijects. Not surprisingly, as the findings
of Wade, Newell and Wallace (13978) supported, retarded subjects
were geherally slower than nonretarded subjects on response
speed tasks., Although the latter authors reported that
increasing task difficulty had greater effect on retarded than
ncnretarded subjects (in terms of reacticn and movement times),
retarded subjects did statistically significantly reduce
movement time over the five days of practice of the study,

This section provided delineations cf some of the variables
in the percertual-mctor domain and presented some examples of
research findings, parzicularly with respect to reaction tinme,

movement time or response speed in general.

Perceptual-motor variakles and behavicur in sport

A sample of some cf the research findings concerning
perceptual-motor variables and those invclved in srort was
presented kelow: an exhaustive review of relewant literature was
beydnd‘the scope of this paper., The studies p:esenfed might have
reflected different points on Cratty's (1973) "perceptual-mctor
continuum® (p., 430), i.,e.,, variables might have reflected :c a

greater or lesser extent the components of perception and motcr
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kehaviour,

One variable that generated scme interest was spatial
orienta*tion (or response orientation, in Fleishman's (1968)
taxonomy). Apparently, differences existed in individuals?
dependence on envircnmental cues in estimating the true vertical
position in some visual display. Individuals who relied heavily
on environmental cues, even distorted onés, to estimate the
vertical were called field dependent; those who relied on their
cwn inner (proprioceptive) cues were termed field irndependent,
Although Earrell and Trippe (1375) noted +that over two thousand
projects had utiiized the concert of field
dependence/inderendence, they contended that fthe ccncept had had
little aprlicaticn with research of perfcrmers in sport, Barrell
and Trippe examihed field dependence/independence in
professional ballet dancers (N=12), professional scccer rlavers
(N=30), professional cricketers (N=13), high calibre tennis
players {N=18), hiqgh calibre track and field athletes (N=21),
and players of medium ability in soccer (8=16), éricket (§8=3),
tennis (18), and track and field (N=16); an additional group
(N=28) of males served as controls, The results indicated that
the high calikre tennis players (mean sccre=3:42) were
statistically significantly more field-derendent than medium
ievel tennis rlayers (t=2.87,p<,05) and also statistically
significantly (Duncan's multiple range test; p<.05) more field

dependent than high calikre track and field athletes (mean
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score=1.63) cr the contrcl group (mean score=1.81).,

Arother study (Meek andbskubic, 1371) compared field
dependencesinderendence of the highest (N=30) and lowest% (N=30)
skill grours of high schcol females; skill was determined by *he
ratings of three exrerts, The authors rerorted that the Lkighly
skilled perfocrmers were s+tatistically significantly (Fisher's
+=3,08,p=,01) mcre field independent than the poorly skilled
group. Some support for the latter finding came from Guvyct,
Fairchild and Hill (1980) who examined the relationship tetween
fitress and field dependence/independence in four groups of
children in Grades 4 tc 6; 43 boys and 92 girls were rated high
in fitness (on a fitness-motor ability- battery), and 67 Loys and
77 qirls were placed ir low fitness groups, The findings
indicated ttat girls were more field-dependent than boys
(F|32§ =21.43,p<.001) and that girls low in fitness were more
field dependent than the other groups (Fi 325 =7.31,p<.01)., Guyot
et al, also concluded that "girls skilled in physical activities
may be as field-independent as boys" (p. u13);

Other studies employing measures of field
dependencesinderendence have reported no differences betueen
groups, Williams (1375), for example, found n& differences
between highly rated (n=14; mean age was 26,7) and less tighly
rated (N=11; mean age was 26.9) fencers on a test of field |
dependence (means=25,00(kighly skilled) vs. 21,643;t=1.55,p>.05).,

Pargman, Bender and Decshaies (1975) examined basketball shooting
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performance of rmale (N=11; mean age was 20,7) and female (N=9:
mean age was 20.5) college basketball players and also <tested
the players using the measure of field derendence/independence
tha*t Williams (1975) emrricyed. Pargman e+ al. reported +hat
scores on the latter measures did not correlate statistically
sigrificantly with percentages of free thrcws

(r=C, 41 (nales) ;r=-0,05 (females)) or field goals (r=0.16(rales);
r==0.21(females)) made by the Lasketball players,

The lack cf consistent f£indings using measures of field
dependence/inderendence might have been due in part to the
variety of instruments employed, The *+wo studies above which
reported statistical non-significance used the Hidden Figures
Test Cf-1 wherecas Meek and Skubic (1971) and Barrell and Trippe
(1375) repcrted statistically significant results using
rod-and-frame tests. Guyot e* al. (1980) reported statistical
significance but used a different hidden-fiqures instrument
i.€,, the emtedded figures test (Witkin, Dyk, Faterson,
Goodenough and Karp, 1962). Although this diséussion tended to
surrort Deshaies and Pargman's (1576) finding that
hidden~fiqures tests appeared to be poor measures of field
dependence/independence, it appeared that measﬁres of spatial
orientation, or at least those of field deperndences/independence,
have not rroduced consisteht findings with regard to behaviéur
in. sports situations, Ancther point was made by Graydon (1980),

who fcund no differences (F2;6=.58,p>.05) in spatial ability
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among grours c¢f women international squacsh plavers (N=13; meand
age was 28 years), players of low ability (N=13), and
ncn-players (N=13); groups were equated for age and education,
She suggested that perhaps performance at squacsh "is so
exceedingly cormriex that the contribution of a single factor
such as spatial ability is likely to be minimal" (p. 370).

Data involving reccgnition and visual percep:zual speed of
athletes came from studies by 2llard, Graham and Paarsalv (1379)
'and allard (1373). The former study found that when female
ccllege basketkall players (N=10) and "ncn=players'" (N=10) were
presented with slides tachistoscopically that depicted
sitvations that were structured (actual basketball game
situations) cr unstruc+tured (the ball had just changed hands or
was in neither team's foscsession), the players demonstrated
superior (Fy,\g =7,37,p<.05) recall but only for the structured
slides. The authors considered the players' supericrity in
recall to ke a function of their encoding information to a
deerer level than ncon-ftlavers. | |

A subsequent study (Allard, 1379), however, found that
ferale college volleyball players (N=10) were faster
(Fb|g =10,78,p<.01) than "non-players" (N=10)‘in detecting a
ball in tachis*zoscopically presented slides, reqardless cf
whether the slides depicted game OI non-dame situations., Further
evidence was gathered to show that perception time in this task

was related to the volleyball skill possessed by the subject and
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not *o sinple reaction time capabilities cf the subiects

Another perceptual-motoi variable was balance. In 1568,
Singer rerorted that, although it appeared that balance wuas
especially iwmportan® in athletic performance, research on the
relatior cf balance {0 athletic success had been limited. In
reviewing the literature to date, Singer (1968) noied that
different tests of balance were not highly correlated and that
studies ccumparirg balance in athletes and non~athletes were
"ipconclusive", He then reported the results of his own work in
which balance c¢f college siudents in the following groupe was
measured using a stabilometer apparatus which Singer designed:
"Fifteen of the best athletes, according to their coaches" (r.
646) in basketkall, baseball, football, gymnastics, and
wrestling, 15 experienced water skiers, 15 male non-athletes,
and 15 "female students", Singer (1968) conciuded that the water
skier (mean score=17,41) and gymnastic (mean score=16,58) grours
were more effective in +the balance task (FgJ34 =2.65,p<,C5) +*han
"panry of the other athletic groups, non—athlefesland gircls" (p;
654), He added that there was little correlation bketween kalance
and either teight or weight;: Singer also rnoted that the
sirzilarity tetween the task ewxployed and abilitieshdemanded in
particular sports might have influenced the findings.

As mentioned earlier, reaction time was a popular measure
in. studies of behaviou:r, Cratty and Hutton (1963) stated that

"For the past seventy-five years, experiments in reaction *ime
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and movement tire have rrovided data which offer reasonrally
precise guide lines for coaches and physical educators" (p. 3).
He added (Cratty, 1973) that reaction *ime tests have been used
to evaluate the "quickness" of movements, for example, of
football players and that "Complex reac+tion time tests have been
emrloyed with Europearn a*hletes, and, when experimen:al
conditions are similar to those they encounter in their sport,
the results are moderately predictable of athletic success" (p.
23) «

In reviewing reacticn and movement time literature,
MacGillivary (1965) concluded that findings clearly showed *he
superiority of athletes over non-athle*es cn measures of sirmple
reaction time and movement time. In an earlier study, Olsen
(1956) administered three types of reaction time measures
(simple, twc chcice and *hree choice) and measures of defth
perception and "span of apprehension" to groups of male varsi+*y
athletes (Athletic Grour), 100 active males (Irntermediate
Group), and 100 male ncn-athletes, The findinds indicated that
the Athletic Group was superior to +he Intermediate Group on the
reaction time measures (Critical Ratios from 2.51 %o 4.7%5; level
c¢f statistical significance from .02 to .001); that the BAthletic
Group was superior *o the non-athle*es on all measures (CR's
from 4,53 to 10.15; level bf statistical sigrificance was .COI
for all measures), and that the Intermediate Group was superior

to the non-athletes on all measures (CR's from 2,88 +to 5,92:
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level of statistical significance from .01 toc .001),

In a more recent study,'Fujita (197€) divided response tinme
irtc nine phases. Using a sophisticated design, 10 high calibre
+ennis plavers, gymnasts and sp;inters and (although repcrting
was unclear, a presumakly equal number of) "nonsportsmen" were
asked to react to a visual display by an crienting respornse and
the approrriate behavicur. Electrode attachments allowed for the
detection c¢f eye movements and muscle contractiong of t*he
tikialis anterior and gastrocnemius; since the subjects stocd on
a force platform, bcdy movement was also detectable. From traces
of the various physical and myographical events, response time
was analyzed into nine phases. In summarizing his findings,
Fujita concluded "that sportsmen tended to react *¢ the stimulus
with shorter reaction time depending upon shorter latency of leg
flexion [ difference t's=5,88,4,.57;p<.001] and shorter decision
time [difference t's=4,81,3,97;p<.001] than nonsportsmen" (.
136). Decision time was defined as

"Conduction time on nervous system which inciudes the
time rhases from the moment of reception of stimulus on
retinal fovea, the descrimination of i%t, and decisiorn
making on cerebral cortex, to the moment wher
gastrocnemius muscle begins contracticn" (p. 129),

Other studies examined the apparent inflﬁencerf physical
activity cn resronse steed, For instance, Spirduso and Clifford
{1578) examined simple and choice reactior *+imes and movemeht

time of ycurg (mean age was 22,2) and old (mear age was 64,2)

men who were either reqular runners, regular participants in a
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racketsport cr nonactive (N=15 for each of the six groups). The
findings indicated that the older active men wefe not
statistically significantly different (Fh34;=2.55,1.55;p>.05)
fror the young nonactive men on the simple and choice reaction
time tests but were faster (Fk34 =4,31,5.48;p<.05) than the
yourg noractives on the movement time measures, In short, the
authors concluded that "clder men who maintain an active life
style react and move statistically significantly faster and more
consistently *han their sedentary peers, Even more importantly,
they react and move at least as quickly as sedentary men 40
years younger" (p., 29). In contrast to the above finding,
Boarman (1977) reported that a five week (twice a week) folk
dance program did rot statis*tically significantly affect an
experimental group (N=20; aged 60 to 94; 18 females and two
males) when compared with a similar ccntrcl qroup c¢nh measures of
sizrle reaction and movement +imes,

Studies have also examined the influence of increased
stress, in *“he form of physical activity, on fesﬁonse speed.
Reynolds‘(1976) found that when fi* or "conditioned" (N=11) and
"unconditicned" (N=12) college women (aged 20 to 28) were azked
tc rerform resronse speed tests while maintaiﬂinq a heart rate
of 160 beats per minute during 12 minute trials, mean reaction
time was slower for the unconditioned grour (Fpn34 =u.19,p<;05).
The latter group also showed poorer peripheral reaction (lef+:

side X*=11.44,p<, 05; rigtt side X2=11.03,p<.05). Reynolds no=ed,
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however, that "Reaction time in the peripheral visuval field did
not increase as a result of auqmented levels of stress, Neither
did reacticn time increase uniformly with augmented levels of
stress" (p. 772)., Sjoberg (1975) subjected 25 male subijects
(mnean age was 24,8) to various work loads (from 150 *o 750
kpnymirn,)cn a kicycle ergcmeter ard administered a choice
reaction task at each work load. He found an inverted-U shaped
relationship between wcrk load and reaction speed (beiween
sessions F=11,2€;d£=4;p<.,001), concluding tha*t performance was
more efficient at moderate activation levels, Thomas and Reilly
(1575) examined reaction time periodically as a male athlete
(age was 31) toock part in "continuous paced work at modezrate
intensity for 100 hours" (p. 149), The authors reported that
reaction time statistically significantly (p<.05; fiqures
unavailable) increased during the 100 hours but no statistically
sigrificant cyclical variation was found. Using movement time to
examine tte kicmechanics in overhead badminton stroking, Johnson
and Hartung (1974) measured four ac+ions usind maie (N=27%) and
female (N=29) college students who were beginning Lkadminton
piayers. They reported that forearm rotational movements
resulted in faster (t's from 5.95 to 10.34; p<;01) racket-head
rovement time than wrist actions for both sexes.

This Teview presented findings of scme of the studies fhat
have examined thke relaticn of perceptual-motor variables *o

behaviour in sgpcrt or to various fitness or activity levels,
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Although data were provided that apparently indicated the
superiority of athletes over non~-athletes on perceptual=motor
variables, the literature did not present *that cace
unequivccakly, Concern was expressed, for example, about the
aprarent lack of consistency in instruments purporting to
measure field dependence/independence and balance., Reaction time
and movement time appeared to be ropular measures but, as Morris
{1976) noted, procedural considerations could have affected
reaction time values, The popularity of reaction time might have
Leen due to several influences:

“For example, i%t can be precisely assessed in an

inexpensive manner and it is perhaps the simplest overt

response that regquires central processing, Particularly

important tc those concerned with infcormation

processing; reacticn time provides one of the few

possible indicators ¢f ongoing internal events, which,

of course, is their duration" (Morris, 1376, p. 259).
Perceptual-motor variakles and hockey ability cr performance

Research rela*ing measures of perceptual-moicr activity £
behaviour in hcckey was not extensive, Available literature was
reviewed belcw; discussion of +the utiiity and rromise of the
perceptual-moctor measures as predictors of hockey ability was
included. .
Salmela and Fiorito (1973) examined the accuracy of

predicting the destination of a sho: when varying visual cues

were given tc ycung gcaltenders (N=34; mean age was 15.8).

Subjects were asked to respond to filmed presentations of an
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aprroaching plaver Ly rredicting to which corner of the net +he
imrending shct would be aimed. The quantity of pre-shot visual
cues was varied. The findings were that prediction was different
thar chance (X2=8.1,p<,05) and that there were about 2,5 +imes
more successful than unsuccessful predictions, The authors also
rercrted that prediction improved with the availabilitv of more
pre-shot cues (j(29,1,p<.01) and that prediction was better for
wrist shots than for slap shots CXZ=6.2,p<.05). Sinclair and
Moyls (1979) examined reaction and movement +times c¢f small
numkers (N=2 or 3) of gcaltenders from each of five levels c¢f
play (PeeWee, Eantam, Midget, Junicr and College). Among the
findings, which were necessarily cautious because of smalil
samgples, were that limbs exhibiting the fastest reaction time
usually did not exhibit the fastest movement time; in fact,
playvers usually reacted fastest with one limb and moved fastes:
with the opposité limb.

Deshaies et al, (1378) used measures of both peripheral
vision and specific visual perceptual speed iﬁ théir study of
Junior hockey players (N=116; mean age was 214.5 mcnths); only
'specific visual percepiual speed correlated statistically
sigrificantly (r=0.27,p<.05) with hockey ability (coaches!
ratings) and visuwal perceptual speed subsequently entered the
reqression equation, The procedure employed by Deshaies et él.
tc. measure visual perceptual speed was developed by Thiffault

(1974) . Thiffault tested the vusual perceptual performance of 60
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young players (ages 11 to 14) by showing slides of hockey
situations ¢n a tachistoscopé. Thiffault was able to show an
improvement, compared to controls (N=30), in the visual
perceptual performance of the group (N=30) who received
tachistoscopic training for 30 minutes a day for 10 days,
Destaies et al, (1978) presented 20 slides of tactical
sitvations in hockey tachistoscopically and subjects were asked
to state whether the approrriate ac*ion involved passing,
shceting ¢r skating, Scores were based on the average reaction
time of verbal zesponses to the 20 slides.

Aithough a statistically significant correlation
(r=-0.27,p<.05) existed between the measures of visual
perceptual speed anrd hcckey playing ability in the Déshaies et
ai. study, the relationship was no* as stronqg as between ability
and the other predictors, In some respects, it seemed that <he
measure could have Leen criticized for its lack of
sorhisticaticn., For instance, it seemed unlikely tha+t standarzd
reactions should be expected in response *o tﬁe Slides; positibn
cn the ice, score, time remaining, coaching instruc*ions, and
confidence of the player could have been scme of the factors
that influenced the speed of response as well‘as its
arpropriateness., However, Deshaies et al, (1378) inmplied that
they did not consider the measure they employed *o be |
discriminatory in that sense, believing that the judgmen*s *to be

nade required crly a miniral knowledge of hockey, If the
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knowledge required was minimal, then it might have been arqued
that the measure was basically a choice reaction time indicatoz
and that ccntent of the slides was unimportant.,

The potential of movement time as a predictor of hockey
performance received scme support from a study by MacGillivary
(1965) . He included measures of total body reaction time,
movement time, fperipheral vision and depih perception in his
investigaticn and had colleqge hockey players (N=28) ranked in
ability by experts. The cnly variable to correlate statistically
sigrificantly with hockey ability was simple mcvement tine,
Olsen (1356) did not differentiate between movemernt time and
Teaction time but found that a measure of the latter ("simple
reaction time") correlated statistically significantly
(r=0,40,p<.05) with a measure of cffensive hockey skill (average
numker of goals and assists per game for 26 college players over
the hockey season). What Olsen called reaction time should more
prorerly have been termed total response time: it was
unfertunate that the relatioaship c¢f the respoﬁse-components,
decision time ard movement time, to hockey ability was not
determined.

In short, the above review did not providé support for any
particular perceptual-rotor measure as a predictor of hcckey
ability, As discussed above, the visual percep:ual speed
employed Ly Deshaies et al. (1378) might have been considered a

choice reaction #ime task, Some ccncern might have been
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exrrecssed about the aprropriateness or level of sophistica*ion
of the slides ard situations‘they depicted, particularly when
the subjects were elite players. Although players might have
been told that a test using slides of game situations was not
intended to tap knowledée, the possibility of that implication
could have regatively affected performance, I+t might have been
arqued that, if little knowledge was required in the Deshaies et
al. (1978) measzure, then response speed to any stimulus could
have been measured.

The omission of a movement time measure in Olsen's (1356)
study prohibited conclusions apout its possible con*ribution to
the relationship between response speed and hockey ability,
Although MacGillivary (1965) noted a relationship betweer hockey
ability anrd movemeni time, the latter variable actually invclved
a 15 foot skate in respcnse to a stimulus, The invclvement of
suclt a distance seemed necessarily %o involve a skill conponent.

Therefore, the literature did not provide substantial
quidance in the selection of a promising percéptu&l-motor
measure that migh*t have leen related to hockey ability, 2
response speed measure that included indicators of both reaction
or decision time and movement time appeared to offer some
prorise as a correlate of hockey akility, especially if such
measures could have been administered simply in an on-site |

investigation.
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Summary
This pcr*tion of the literature review provided defintions
ct some of the terms emrloyed in a discussion of

perceptual-motor variakles and an indica+tior of some lists or

+

taxcnomies in *the perceptual-motor domain, Studies relating
perceptual-motor variables to sports behaviour were cited ac was
availakble evidence of rerceptual-motor performance of hockey
players. Although the selection of a promising perceptual-motor
indicator of hcckey playing ability did not receive strong

direction from the literature, measures including reacticn and

movement time arpeared *o be most promising.
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I11. Method

The present study involved the administration of measures
tc groups cf hockey players whc were distinquishalbkle by level of
rlay ard age. Therefore, the following descriptions of subjecis
and procedures uwere divided to accommodate the three different
cateqories c¢f rlayers. Phase 1 was concerned with *he oldest
group, Phase 2 with an intermediate group and Phase 3 with the
ychnqest rlayers tested., A description of the instruments
employed was also included in +his sec%tion of the report. (See

Appendix B fcr copies of the instruments,)

Subijects, The sukjects were members c¢f the New Westminster
Bruins Hockey Club, one of 12 *eams in the Western Hackey
League, Players in this league were amateurs but at the top
"Junicr" (tier 1) level c¢f play. Many players at .this level have
rrcceeded to the professional leaques upcn graduation,

The subjects were male and ranged in age from 203 tc 238
months at the time of initial testing. Twenty=four plavers
ccrpleted some cf the items on the test battery; data on all
kattery measures were available for 16 players. (Two plavyers
were in-jured and could not be tested on all measures; three

players were transferred or left *he team before all data cculd
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ke collected:; cne player refused to take one test, and; ratings
of playing akility were not provided for the two qcaltenders,
presumably because the rating scales were inappropriate,)
Procedure, The sulijects were tested near *he beginrning of
their season (early COctober, 1373) after completing a series of
exhibition qames, The ccach introduced the researcher to the
players as they prerared themselves for a routine practice
session. The researcher, who was described by the coach as
scmeone who would be conducting "some tests" on the players,
thken told the players that he wanted to give them four different
kinds of tests, both on and off the ice, and explained briefly
what the tests entailed., (The tests were described as (1
questionnaires which asked about attitudes toward hockey and
sport (HAS, Sports Scale); (2) a M"reaction=-time test"; (3) a
skating speed test on the ice, and (4) a "fitness" test using a
stationary bicycle.) The players were told that the first *wo
tests would be given that day and asked that they come tc the
testing rocm when called, It was added that tﬁe ékatinq speed
test would be administered the following day and the "fitness®
test the day after that, Questions were encouraged and answered
by the researcher at that time, The :esearchef then expressed
his thanks for the players' cooperatzion and his pleasure for
being allowed %o work with such a well=-kncwn team, |
The tests were administered concurrently with the team's

regular afternoon practice sessions. No testing was done on the
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day of a game, The off-ice tests were administered in a spare
changing room which the tean dia nct use, Benches were available
fcr the players to =it or and a table with accompanvying chairs
could also be utilized ty +he researcher.

On the first testing day subijects completed two
paper—and-pencil measures (the Sports Scale and the Hockey
Attitude Scale) and the response speed test., Players were called
from the practice in groups of two or three, came to the testing
rocm and %ere given the questicnnaires and asked *o complete
ther while sitting on cne of the benches. The questionnaires
were descrited as being concerned with their "a*titudes and
feelings" about playing or preparing for hockey. Questions
regarding the instructions or the meaning of words or phrases
were answered briefly., Collaboration between subjects was
discouraged. When players completed the written measures, they
were tested individually on the response speed apparatus, The
table and chairs were u*ilized for the latter test: the subiject
was asked to sit in +the appropriate chair, thé reéearcher sat in
the chair opposite tc the subject and explained the test,
Suk-iects were given two rractice and five test trials., On
leaving, appropriate players were asked to sena others tc the
testing rccem so that the testing process was continuous for the
reseazcher.

On the seccnd testing day, the skating speed test was

conducted c¢n the ice surface., When all players were dressed and
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on the ice, they completed some basic stretching exercises for
about 10 minutes, The researcher was then invited to explain the

test

players were told that the test was simply a measure cf
how fast *they could skate from one goal line %o the secornd Lblue
line, They lined up behind the goal line at one end of the arena
and each, in turn, skated the required distance on viewing the
researcher's drcpping his raised arm as the starting sigral, The
researcher stccd at one side of the arena at the arpropriate
blue line and timed the subjects with a stopwatch {sweep hand
type)., Times were estirated to the nearest 0,1 second. When all
sukjects were timed, they returned for a second trial. (The
inter-trial period was approximately 10 minutes,)

Oon day three, players completed the Wingate Arnaerobic Test
on a Monark ticycle erqometer, (Testing was begun earlier +than
on the previcus days so as not to conflict with the practice.
Thus, most players were *tested in street clothes or the hockey
undervear they had put cn before dressing in full equipment for
practice.,) Players came to the testing room iﬁ qfoups.of TWO oﬁ
three, The resecarcher explained the test as being of short
duration, i.e., only 30 seconds, but difficul%t, Each player
warmred up by riding the Licycle at a moderateisettinq until a
heaxrt rate of 150 beats per minute, palpated at the carotid
artery by the researcher, was reached; speed and/or setting were
adijusted so that this rate was obtained in approximately five

minutes, Subjects then sat on one of the benches and rested for
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five minutes, After five minutes, subjects were again seated on
the bicycle for the 30-second test, Seat height wag adjusted and
the test rrotoccl was briefly reviewed., The subject began
pedalling quickly at nc resistance, the researcher thén set the
ergcmeter according tc the subject's weight and encouraged +the
subject during the test, Two assistants noted times (five second
intervals for 30 seconds) and readings from the revoluticn
counter., Players were cautioned to keep moving after completing
the test tc¢ avcid venous rpooling.

The few availalle subjects who had nct completed the o*her
tests on days one and two were administered those measures c¢n
day three, The researcher then thanked all the plavers for their
cooperatior and answered any questions,

The coach's ratings on the aggression scale were obtained
aprroximately thkree weeks after the players were tested, (The
delay was due tc findirg a convenient time for the coach,) Names
an¢ addresses of coaches of other teams in the leaque were
" obtained: an explanatory letter (see Appendix‘A)aﬁd a cofry of
the critericn measure were sen% later in the seascn to each
cocach in the tested team's division asking for his assistarce in
rating the subjects. No cooperation was ohtainéd. The criterion
measure was ccrrleted by the subjects' coach after the seascn
had finished., 2n assistant‘coach who had joined the <eam during
the season was also asked to complete the criterion measuvre for

players with whom he was familiar, Ratings by either or loth the
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coach and assistant were totalled and ccmpared with th

D

rTating
points possible for all items checked; the percentage of rating
pcints obtained over total possible pcints served as a subiject's

hockey ability rating.

Bhase 2

Subjects, The sukjects were 48 males who ranged in age
frcm 187 t¢ 200 mornths., The players were attending (in August,
198C) the British Columbia Junior Olympic Program, an
invitational hockey camp organized as part of the Hockey
Develcpment Prcgram of %fhe British Columbkia Amateur Hockey
Association. The invited players were selected from teams at the
Midget level frcm throughout British Columbia. Durirg the camp,
the players were exposed to lectures, dicussicns and on-ice
instruction from a variety of "experis", For most activities,
the subjects were divided into two groups of 24, each with its
own head coach and three off-ice instructors,

Procedure, The researcher was introduced‘to ihe total
player group (N=U48) at an initial organizational meeting in
which ail perscnnel were introduced and the camp program
outlined., The researcher briefly explained thaé he was
interested in finding out more about hockey and would be asking
for the plavers' cooperation in completing gquestionnaires |
ccncerned with their attitudes about hockey and other things,

and in taking *ests that were concerned with reaction time,
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skating speed and fitness, as measured by a brief test or a
"stationary tkicycle". The reséarcher added that he would be
meeting with each of the two groups (N=24) to administer most of
the questionnaires in one sitting but +that, for the remaining
measures, players would‘be *ested in small groups wxhen they were
not scheduled fcr ancther activity. The researcher no*ed *ha*
everyone wculd receive a summary of their test results,

The fcllowing paper-and-pencil measures were administered
to one group on the second morning of camp and to the otter
group on the third morning: the Student Hcckey Form, which asked
for birth date and an indication of their hockey experience: the
Sports Scale; the Hockey Attitude Scale; and, the Junior Eysenck
Percsonality Inventory (Jr, EPI), The researcher preceded the
administration of the above measures by reiterating the rpurgose
;of his study ard stating that perhaps "attitude" as well as, for
example, skating speed "has a lct to do with how good a fplayer
is"., The ccntent of the measures was briefly described, rlayers
were told nct tc spend "too much :time onh each Queétion", and to
raise their hands if prcklems arose., Queries were answered
without trying to direct subijects' responses,

The Wingate Anaerokic Test was administeréd during
free-time sessicns in the mornings in a little-used section of
the arena complex, near to both on-ice and off-ice instruction
sites, The response speed measure was administered before or

after dinrers in the building where players ate their meals.,
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(The number of trials was increased from Phase 1 +o0 include five
practice and 20 test trials.)iplayers in each grour were
numkered from one tc 24, Testing on the Wingate Anaerobic Test
kLegan with player number one, whereas players with numbers 24,
23, etc., were the first +to complete the response speed measure,
This arrangemen* avoided the necessity of +wo testing sessicns
rer day for mcst players,

To maximize the usefulness of tes* sessions involving small
qgroups, the players were asked to complete other measures when
nct being tested on the kicycle ergometer or response speed
arraratus, In each subject's initial small group *est session,
he was asked o complete the Profile of Mocod States (POMS)
instrument while waiting +o be tested on the ergcmeter or
Lesronse speed apparatus, The POMS was described as another
test, "like the questicnnaires you filled out" previously, which
asked about feelings tcwards a number of things., During the
second small group testi session, subjects were asked to complete
a fcrm on which they were |
1. to supply ratings of the other players in their qrour (from

zero to 20, on "how good a hockey player you think he is",

where 20 meant "very good"), ‘

2. to indicate (on a five-point scale) how often they,
themselves, played hockey "aggressively", and

3.. to indicate their height,

The researcher also measured forearm gir+h during *he second
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small grotp sessioln.,

The skating speed test ﬁas conducted near the beginning of
reqularly scheduled con-ice sessions during the fifth full day of
camf, Coaches conducted warm=ur sessions (some stretching
rcutines and skating drills) for approximately 10 minutes and
then invited the researcher to explain the test protocol to the
players, Players were divided intc two groups who formed lines
on koth sides cf the ice suzface behind the goal line at one end
of the rink. The researchers and two assistants with (digital)
stopwatches were staticned at the Lklue line farthest frorm the
players, Players initiated their own skating speed trials; times
(tc the nearest 0.01 seccnds) were reported by the assistants to
the researcher, who recorded them. Players returned *o the
appropriate line-up and place for their second trial. The entire
rrccedure tock less than 15 minutes for each group of 24
players.,

The criterion measure (i.e., ratings from zero to 20 on
hcckey ability, with higher ratings siqnifyin§ bétter playersf
was completed by at least i1wo coaches or instructors who worked
with each group cf players during the week, Additicnal ratings
¢f some players were provided by one visitinq‘inst;uctor who
worked with koth qroups during the week and by the head coach of
one group who rated players from the other group whom he haa
coached in the final day "tournament" (i,e., players were

"drafted" tc fcrm three teams which played each other in a
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series of shcrtened games that served as the end=-of-week
finale), All availakle ratinds were averaged to prcduce a mean
rating for each player. (Unfortunately, *+he head coach of one
qroﬁp had to leave camp early., Although he provided ratings on
each of his group's players, he did not employ *he criterion
measure but instead used a form on which ratings of one to 10
were provided cn "skating", "puck control" and "team play", The
use of these ratings was discussed léter in this paper.,)

Ehase

lw

§g§j§g§§; The sukjects were two grcups (N=31 & 29) of
males who Lad registered for the University cf British
Columbia's Summer Hockey School. Each grcup attended the camp
for one week (not concurrently) in July cf 1980. The boys ranged
in age from 112 to 158 months and came from various places in
British Cclumbia and the Western United States, Boys were
accepted into *he Hockey School on a first-come, first-served
tagis and not according to previous hockey exﬁe:iénce, Two
instructors were with each group at all times (on-ice and

off-ice); additional instructors were added for on-ice sessions,

ae]

rocedure, The researcher met players and their parents

when they reqistered for camp, A letter explaining the study was
shown %fo parents and questions were answered. The players
received a brief verbal description of the study. Eoth parents

and players were asked *o sign consent forms (see Appendix A for
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letter and cconsent forms) to allow participaticn of +he Lovys,
The researcher indicated that the results of the rproject would
be sent to players and their parents.

After dinner on registraticn days, the researcher met with

st

each group in a classroom to administer the Student Hockey Form
{asked for age and hockey experience), *the Sports Scale, the
Hockey Attitude Scale and the Junior Eysernck fersonality
Inventory. The raticnale and general directions with resgect to
these paper-and-pencil measures was similar %o that noted in
Phase 2. (Because of age and reading level, more queries arcse
with the Phase 3 players in comparison to those in Phase 2,
Again, assistance focused on interpretation rather than
directing players' resgonses,.)

The Wingate Anaerobic Test was administered before lunches
and dinners and the response speed test after these meals to
groups of three or four players. Testing tcok place in a small
vroor in the building where players had their meals. Protccols
for +he Wingate and response speed tests were‘idéntical to thoée
used in Phase 2 (see Instruments section). As in Phase 2,
testing was crqanized so that most playvers had only one test
sessicn in any one day. Also, as in Phase 2, fhe ECMS measurte
was completed in a subject's initial small group test sessicn;
data on peer ratings, aggression (self-reborted), heighzt and
forearm girth were collected in each subject's second test

Session,.



The skating speed measure was administered at +the beginning
of cn-ice sessions during +he fourth full day of camp for the
first group and the fif*h full day of camp for the second group,
The test prctoccl was identical to that describted in Phace 2;
instructors arranged the subjects in proper order and twc
assistants noted times (to 0,01 seconds) on digital stopwatches
and relayed ther to the researcher, (The same two assistants
timed both groups of players.)

The criterion measure was completed by the twc instructiors
who were with each group full-iime during the week, The two
ratings on each player were averaged to produce a single ra*ing

of cverall hockey ability.

Instruments

This section described the various measures emploved ir
the present study. Alsc noted were the measures that were
enfployed in each of the three phases of the study; any
differences in test proctocols betiween :the phaées'were also
described., In general, however, most measures were common to
Ehase 1, 2 and 3 but additional variables were included in

Phases 2 and 3.
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Anaerobic systems

The present study emploYed the Wingate Anaerobic Test
(1577). In Phase 1, a single Monark bicycle ergometer was
employed. Sulkjects pedalled slowly on the bicycle with little
resistance as the researcher mcnitored heart rate from the
carctid pulse, Eesistance and/or pedalling speed was increased
until a hear+ rate of aprroximately 25 beats per 10 second coun<
(150 beats per minute) was noted. Such a heart rate was usually
achieved in approximately five minutes, Subjects were then told
*0o =it down and rest for about five minutes, In Phase 2 and 3, a
modified prctocol (see Bar=-0r, 1978) was employed. Subijects
pedalled for four to five minutes a*t moderate workload,
interspersed by two or three "sprints" at higher wcrkloads for
aktout five seconds, Again, workload was adjusted during the
warm-up to achieve the criterion heart rate in four %o five
minutes, The test was explained to subjecis during the warm-ur;
sukjects were also asked for their weigh%t at that time, In
Phases 2 and 3, two Morark bicycle erqometersiweré employed so‘
that *wo subjects could warm-up éimultaneously. As explained
above, subjects in Phases 2 and 3 completed other writter
mea sures ¥hen nct on a bicycle.,

After resting for approximately five minutes, subjecis were
seated on the bicycle (only one ergometer was used for the final
test in Phase 2 and 3) and seat height was adjusted until ore

leqg was almcst fully extended at the bottom of +the siroke for
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t+hat leg, Sulkjects redaliled gquickly for a few secondg a% no
resistance tc overcome the initial resistance of~the flywheel,
The resistance was then se* according tc¢ each subijec=z's vweiqht,
the researcher caid "start" and a stopwatch was started. The
bicycle was equipped with a revclution ccunter which was
activated at the "stari" signal., The researcher gave verkal
enccuragement +c¢ each subject *o perform *to his maximum, Each
five secord interval was noted and +the corresponding number of
revcluticns reccrded. When the test was completed at 30 seconds,
sukjects were urged to walk or, in Phases 2 and 3, ride the
other ergome*er for a few minutes to avoid venous rpooling. The
test bicycle was then freed for testing the next subject,

In Phase 1, one assistant used a stopwatch and noted the
passage of five seccrnd intervals during the test; another
assistant recorded the number of revoluticons attained during
eachk five second interval, In Phases 2 and 3, subijects received
an explanation of the revolution counter and test rrocedure
during their warm-ups; subjects not being tesfed éerved as
reccrders and noted the number of revoluticns obtairned whken the
researcher called out five second points during the fests,

Values were converted to mechanical power‘(kpm/min/kq)
according to the tes* description (Wingate Anaerobic Test,
1877) . The test's desiqneré termed total power ouiput in 30‘
ceccnds anaercbic capacity vwhereas the greatest output during

any one five second period was called anaerobic power,
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As mentioned in Chapter 2, Bar;Or (1978) repcrted
test-retest reliabilities of 0,95 to 0.98 (same day) and 0,90 *o
0,33 (iwo weeks apart) for "various age, sex and fitness groups"
(p. 11), Validity was examined by comparing the test components
with cther reasures, Bar-0r (1978) reported correlations of 0.79
to (.86 between anaerobic power and the Margaria et al., (13€6)
test and 40 metre running speed, respectively, Correlaticns were
repcrted between araerckbic capacity and oxygen debt maximum
(r=0,86,8N=16), 300 metre run time (r=0,86,8=20), and 25 netre
swinm time (r=0,87 to 0.90,N=20). Recent data (Bar-Cr et al.
198C) showed a significant relationship bLetween anaerobic
capacity and the ratio c¢f fast *witch to slow *witch fibres
{r=0.63,p<.01) and ketween anaerobic power'and the percent of
fast twitch area (r=0.,60,p<.01)., Bar=0Or (1378) noted that
valida*ion studies were continuing and that, although sore
caution was required, "we can still conclude that cur +est
aprarently dces measure muscular performance capacity of the
individuals, as limited by his anaerobic enerqgy tﬁ:nover" (po
16) . (I* should have been emphasized, however, that the rresent
study was not intended *to validate the Wingate test, The tezms,
anaerobic power and caracity, were used in the‘present study %o
ncte the two indices tha+t were derived from the test. Their use
Was not intended to indicate that the terms were necessarily

valid.)
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Specific Skills

Merrifield and Walford's (1969) forward skating speed
measure was emrloyed in the présent siudy. This test inveolved
asking players to skate as fast as possible from one doal line
to the second fklue line, a distance of aprroximately 120 feet on
a requlaticn sized ice surface,

As mentioned alove, the test was administered after a
warm-up in each phase of *he study. The warm-ups varied tut were
usually akocut 10 minutes long: those in Phase 2 were perhaps the
most vigorcus of all the phases. Players wore full equipmen* and
skated the required distance twice. Times (tc the nearest 0,1
seccnd) were ncted ky the researcher in Phase 1 using (a sweep
hand type) stopwatch. Two assistants noted times (to the nearest
0,01 second) in Phases 2 and 3 using digital stopwatches and the
researcher recorded them, The average time of a sukjecti's two
trials served as his sccre on the skating speed measure., In
general, the test took approximateiy 10 to 15 mirutes to
administer in all phases,

Rlthough 120 feet was the distance between a qoal line and
second klue lire on regulation sized ice surface, Loth the +est
sites in the present study involved smaller thén "normal" ice
surfaces, The site in Phase 1 was an older arena; the distarce
of interest vas cnly 105'&*. The site in Phases 2 and 3 invoclved
two adjacent smaller ice surfaces which were used mainly for

Iecreational hcckey; the distance of in+terest was 101'8n,
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Using the 15 players in their study, Merrifield and Walfcrd
(19€3) repcrted a test-retestbreliability (tests one week apart)
correlation of 0.74, Validity was claimed since a correlaticn of
0,83 was fcund betweer fcorward skating speed and a coach's

rankings of rlaying abiliiy. (Spearman's rho was used to

calculate both reliability and validity coefficients.)

Psychological variables
Butt's (1973) 25-item "Sporis Scales" was administered to

players in Phases 1, 2 and 3. Subjects were asked to indicatxe
WYES" or "NO" in response %0 items which asked about their
feelings "during the last month while participa*ing (training or
ccmpeting) in hcckey". (In Phase 2 and 3, which tock place
during the summer, the researcher instructed subjectis to answer
acccrding to *he last month they played hockey or, failing that,
for their rrevicus year in hockey.) Five items were included in
the scale for each of Butt's five motivational components in
spcrt (aggressicn, conflict, competexnce, compefition and
coofperaticn)., Each scale could, therefore, yvield a score frcm
zerc to five. Agair, players were told tc ask for help with any
confusing or ambiguous terms. Mcst players comﬁleted the measure
in a few minutes, Butt (1979) reported tesi-retest reliahilities
test two weeks apart; N=67 males, N=121 females) of 0.43 to
0.7% for the five subtests, (Subtests were reduced to five frcnm

10 items each to make the Y"scales more efficient in the use of
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time" (p. 7),) Correlations of subiests scores, in different
populations (N=178,N=36), with a variety of other rsychological
measures ranged from zero to 0.67. Although *he s+atistical
SUfFfFort was not stirong, EBut:t (1379) believed the "results
generally suppcrt the theoretical descriptions of the
constructs" (p, 9).

A 10-item "Hockey A%titude Scale", adapted frcm the work of
Rushall and his asscciates (Rushall ard Fox (1980)), was
administered to the players in Phases 1, 2 and 3. Subjects were
asked to respond on four-point scales ranging from "Always"”
(i.e., 3) to "Never" (i,e.,, 0) to items which asked about <heir
feelings with respect to training, prepatinq for and playing
hockey. Players were asked *o complete the measure individually
and to ask the researcker for any necessary assistance ir
interpreting any word cr item. Most players completed the
measure in five minutes or less, Responses to each item were
added to give a total score for each subject. Items 4, 7 and 10
were reversed and thus scored in the opposite‘diréction to the.
cther seven itens,

In Phase 1, the present s*tudy employved item 6 of the scale
developed ky Scaramella and Brown (1378). The anchawas asked %o
rate each player according to his perceived reactions of the
player to an aggressive situation. The five-point scale varied
fror a rating of five, i.e., "always able", to one, 1i.e,,

"rarely akle to respornd in an aqgressive manner without keccming
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intimidated"., The coach completed the measure for each player in
a few minutes, In Phases 2 and 3, no single coach was availalkle
since players came from many different +teams. Therefore, the
Scaramella and Brown (1378) measure was adapted to become a
self-report meacsure, On a scale from five, i.,e,, "always", to
cne, i.e., "rarely", players were to indica*e "How often do ycu
play hockey aggressively (hustling, fighting hard for the puck,
etc,.) ?", (This item was included on a form which asked fcr
ratings of other players and an indication of the subject's
height,)

In addition to the above psychological measures, sukjects
in Fhases 2 and 3 were asked to complete the Juniocr Eysenck
EFersonality Inventory (i.e., Jr.EPI) (Eysenck, 1963)., This
measure was adarted from the Eysenck Personality Inventory:
(Eysenck and Eysenck, 1363) for adults. The Jr.EPI contained 60
items requiring subjects to give a "YES" cr "NO" response
tegarding their *endencies *o feel or behave in certain ways,
The instrumen%t was scored to result in indices fof three
subscales, extraversion-introversion (24 items), neuroticism or
emo+*ionality (24 items), and a lie sukscale (1Z items) fcr the
/detection of faking, Exﬁraversion-introversion‘and neuroticism
were termed "two major rersonality variables" (Esysenck, 1963,
pe 3), Eysenck reported sténda:dization data on over 2,000
children ranging frcm ages seven to 16, Test-retest

eljabilities (tests one month apart) within this age range
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varied from 0,41 to 0.82 (N=1056 boys, N=1074 girls); spli+~half
reliabilities (Spearmar Brown Prophecy Formula) ranged from 0,41
to C.83 (N=3372 boys, N=3388 girls). Eysenck (1963) reported
that there was scme clinical evidence pointing to the validity
of the Jr,.EPI but it was too soon to make claims about the
validity of the scale, Most subjects in the present study
conpleted *his measure in a few minutes, Scoring keys were
available to arrive at scores for each subscale. {(Copies of +he
Jr.EPI were available from E4ITS, P.0O. Box 7234, San Diego,
Califcrnia 92107.)

The Profile of Mood States (i.e., ECMS) (McNair, Lorr and,
Drogppleman, 1971) was also completed by subjects in Phases 2 and
3. Subjects were asked to describe how *hey "have teen feeling
during the past week includirg today" by respcnding to 6%
descriptors c¢f feelings, using a five-point semantic
differential ranging frcm zero, i.e., "No%* at all", *o fcur,
i.e,, "Extremely"., Scoring keys allowed for the(separaticn cf
responses into six factors, i.e., tension-anxiety'(nine items);
depression-dejection (15 items), anger-hostility (12 iters),
vigor-activity (eight items), fatigue=-inertia (seven iters), and
confusion-kewilderment (seven items)., The test}s authors
rercrted that the measurement of these six mood or affective
states was useful in asseséing change in psychiatric outpatients
as-a re$ult of therapy or affeciive traits or changes in normal

sukbjects, McNair et al, (13971) xzeported intermnal consistency
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correlations (Kuder=-Richardson) of between 0.84 and 0.35
(N=1000) for *the six subscalés; test~retest reliabilities (four
weeks between tests) of from 0.61 to 0.63 (N=150) were also
noted, Examinaticns of validity included the reporting of
correlations between PCMS and various other measures; r's ranged
from 0. 18 (N=523) to 0.8C (N=200), the latter representing the
relationship between the Manifest Anxiety Scale and the EOMS
tension-anxiety subscale, (Whereas most Fhase 2 subjects
completed the ECMS in a few minutes, many more questions werTe
asked by the ycunger subjects in Phase 3. As menticned
previously, the meanings of words unknown to subjects were given
without directing subjects' responses.) (Copies of the PCMS were
available ficm E4ITS, EF.G. Box 7234, San Dieqo, California

921C7.)

Ferceptual=-motor hehavior

Althcugh mrovement time was measured in Phases 1, 2 and 3 im
+he present study, decision (or reaction) timé ana total |
response time were also noted. Each subject was seated before a
takle and asked to place his finger (of his dominant or
preferred hand) on a srall buttoh on the appar;tus in front of
him, Approxima*ely 3 1/8 inches beyond +his button in the
frontal plane (see Fiqure 1) was another Lbutton and, beycnd
that, a stimulus light. (The second button and the stimulus

light were actuvally one of four buttons and four ccrrespecnding
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lights as the apparatus could ke used :to study resronses in
chcice situations, In this sfudy, the additional three buttons
and lights were covered %o minimize confusion and to allcw the
focus to Lbe c¢cn novement and "simple" decision or reactiorn time,)
Hidden from the subject's view was a button which the
experimenter pressed tc¢ turn on the stimulus light, (The basic
apraratus was a Model 63024, 5 choice timer made by Lafayette
Instrument Co,, Lafayette, Indiana,)

In response +to the siimulus light, the subject moved his
firqger as guickly as possible from the first tc the second
button, Two timers (Models 20225R and 20225, six vclts supplied
irternally, lafayette Instruments Co., Lafayette, Indiana) were
enmrloyed to reccrd resulits *o the nearest 0,01 second. One *imer
began when the stimulus light was furned on: it stopped when %he
sukject moved his finger from the first button, i.e., to ailow
for the determinaticn of decision time, The second timer was
storped by pushing the second but*on, i.e., to determine total
resgonse time., Both times were reccrded for each frial as wvwas
+he difference Letvween them, i.e., movement time.

Fach subject was given a brief explanation of the arparatus
and told it was a test of "how fast you can mer your finger",
PLacse 1 subijects were given two practice trials and Phase 2 and
3 subijects five practice tiials; any questions abcut procedure
were answered tefore the *test trials began. Phase 1 subjects

completed five test trials; this was increased *o 20 test trials

122



‘in Phases 2 and 3. Before each»trial the researcher said
"Ready"' the time betWeen Ready and the stimulus light being
turned on was (subJectrvely) varied by the’ researcher and |
averaged a reW'seconds. A subJect s scores for this measure
consisted of the mean of the decision, movement and total
response times for the test trials. (Trials in which subjecta
obviously missed the button or the researcher made an error were

rerun. ) .

FIGURE 1: RESPONSE SPEED MEASURE

(Subject
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Background irformaticn

Subjects in Phases 2 and 3 were asked to complete the
"Student Hockey Form" during the large group *esting sessions
(see Procedures), Seven questicns were asked, with *he first
inguiring about the subjects' ages. (Ages of Phase 1 subijects
were obtained from *the hcckey club.) The next two questicns
asked for the number of years subjec*ts Lad been plavying hockey
and plaving in arn "organized league", respectively, Questions &4
and 5 asked subijects to indicate hbw many times thev had plaved
and practiced "last year". Question 6 asked players to rate
themselves frcrm zerc to 20 (a high number meaning "good")
according to "hcw good a playexr" they felt themselves to be, The
las* question asked sutjects to indicate the position they
usually plaved,

The five ca*eqgories of responses to questions 4 and 5 vwere
scored frcm cne (few times played or few practices) to five ( a
relatively high numker of times played or gractices). These
sccres were added to the responses to questioﬁs 2-(years playea)
and 3 (vears in an crganized leaque) to produce an index of

"experience",

Descriptive measures
Weight and height were no*ed in Phases 1, 2 and 3, BAs
mentioned above, both heigh* and weight were requested during

the administration cf cther measures in Phases 2 and 3: these

124



data were self-reported. Weight was self-reported in Phase 1
whereas height was obtainred frcom team records, Weight and height
for Phase 3 suljects were also recorded on registration forms,.
The researcher compared the latter records with self-repcrted
values and averaged blantantly discrepant values.,

Forearm girth was measured on the dominant arm in Praseg 2
and 3 using stardard an*hropometric technigue (Carter, 1575),
This reasure had been related in previous investigatioans (Ward
and Ross, 1980) to power as measured by a vertical -ump. The
measure was atiractive in that it could be administered quickly

during one of +he small group tes*t sessicrns.

Hockey playing akility

The critericn measure, hockey playing ability, that was
emrloyed in Phase 1 was that used by Deshaies et al, (1378),
This measure acked the respondent to rate a plaver on 17
individual and eight tactical skills using a four-point scale
frer zero, i,e,, "Poor", to three, i.e., "Excélleht". Combinind
these two scales, a possibility of 75 total points existed for
each piayer. Decshaies et al, (1978) reported an inter--judge
(N=5) reliability of 0.94 (N=116 players vere Eested). As
explainred atove (see Procedures), the Phase 1 coach and his
assistant were asked *c cohplete the criterion measure, Eacﬁ
players' total rating pcints were compared with the total

poscsible (according to the number of items on which ratings were
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received) to prcduce a percentage, which served ac tha* rlaver!'s
rating,

Since instructors in Phase 2 and 3 had not known their
plavers for an entire hockey season and since *the instructors!
time was limited, a simplified criterion measure was designed
for these phases. Plavers!' names were listed on a single sheet
and the rater was asked %o provide a rating of each player's
cverall heckey rlaying ability, considering, if they wished,
"such factors as skating, stickhandling, passing, chooting,
checking, and pcsitional play in your rating”. Ratings cculd
have ranged from zezo, i.2., "Very poor", to 20, i.e., "Very
good", Ratings from each of the pair of instructors assigned to
the *wo groups in Phase 3 were obtained and averaged to produce
a single rating for each plaver. In Phase 2, ratings were
cktained from at ieast ftwo coaches or instructors involved with
each player group (see Procedures);:; available ratings on each
plaver were averaged tc produce a single rating for each player.

Subjects in Phases 2 and 3 were asked to:proﬁide ratings 6f
other plavers in their groups as to "how good a hockey player
you think he is", Subjects also were instructed to use a scale
frcu zZero to 20, with high numbers meaning qooé players. The
list of plavers' names included their own, so that another (see

Background information) self rating was olktained.
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Data Collectiorn and Analysis

Keys were available *o score the standardized
paper-and-rencil inventcries, The other measures required adding
scores for each item based on the semantic differential scale
enrloyed, Tctal scores vwere recorded a* the top of each
subject's form. Forms were designed +o record the times cb+ained
frcr subjects on the perceptual-motor task for ail trials;
places were left to note mean times for each subject. Forms to
reccrd data from the Wingate Anaerobic Test were also decsigned;
the number of revoluticns for each five second period were noted
and space was left *+o0 indicate anaerobic power and capacity for
each subject, Times for the t%o trials of the skating speed test
were recorded c¢n separate forms along with the mean time for the
two trials., Master sheets were designed tc¢ record scores frcenm
all instruments for each individuwal in a manner +hat was
amenable for keypunching. (See Appendix C for copies of the
reccrding forms,)

Scores on the master sheets were enteredjand stored on diéc
files for analysis at the Simcn Fraser University Computing
Centre. Data analysis involved the Biomedical Computer Piaograms
P-Series (BMDP) (Dixon, 1377). Progranm BMDP9R‘was used %o
produce univariate statistics (means, standard deviations),
Pearson produc+t-moment corielations and regression data. BMbPBB
employed only ccmplete data sets to produce the "bes*" subsei of

predictor variables, Other subsets were also printed so that
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alterrate testing batteries might have been considered: for

exanmple, two or three subsets of predictors might have differed

ct

slightly in their predictive pcwer but the instruments they
included right have fitted more or less easily in*o particular
testing situaticns, An attempt was made tc choose subsets which

would maximize multiple Rz

in a statistically sigrificant
prediction equation (minimize the sum of residuals) that
invclved instruments which could apparently be comkined +o
produce viable test batteries. (The BMDPIR program allowed a
choice of three criteria to select the "best" subset of

2or adjusted R%*, The

predictors, i.,e,, Mallow's Cp, multiple R
BMLCEIF default criteriocn was Cp and <+his crite:ion was chosen
for use in the rresent study, In reviewing the three criteria
mentioned above, as well as others, Hocking (1372) concluded
that no one criterion rroved éo be best., Since the BMDPIFE
prcgram provided all three of the criteria mentioned above,

selecting alternate sukse*s could have reflected a consideration

of all thiee criteria,.)
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IV. Results

Grivariate Statistics

Initially, the basic descriptive statistics (e.g., Ieans,
standard diviation) were examined for group differences and
pcssible *rends. (See Chart 1 (pp. 132-134) for descriptions cf
variables and units,) Tabies 1a to le (pp. 136-140)presented
univariate statistics for subjects in the three phases of the
rresent study, including statistics for each of the five grougs,
i.e,, Phase 1 - Group 1, Fhase 2 = Groups 2 and 3, and Phkase 3 =
Groups 4 and 5., (Only subjects with complete data sets weré
included: the N's reported in the results were for complete data
Sets unless ctherwise specified) Table 2a (p. 141) provided a
comfarison of tte five group means for all variables and Table.
2b (p. 142) the results of the examination for group differences
amorng these means., (One-way analysis of variance (BANOVA) was
performed using the BMDP1V program. This prograr also apglied
t-tests tc all rairs of group means.) As was indicated in Table
2b, the phases were distinguishable by age, confirming tte
initial sampling proccess., Subjects in Grcup 1 were statistically

sigrificantly clder than those in Groups 2 (£=10,1,p<.001), 3
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(t=11.0,p<.001), 4 (t=32.4,p<.001) and 5 (t=35,1,p<.001),
whereas subjects in Phase 2 (Groups 2 and 3) were statistically
significantly clder *han those in Phase 3 (Groups 4 and 5) (t's
varied frcm 23,2 %o 26.3, p<,001 for all pairings). Group 4 was
also statistically significantly older than Group 5
(t=2.6,p<.05).,

Mean scores on the Wingate Anaerobic Test (1377) indica*ors
of M"anaerckic power'" (POWER) and "anaerokic capacity" (CAP)
shcvwed the superiority, in general, of subjects in Phase 2 over
*hcose in Phase 3 on the latter measure (t's from 2.3 to 6.2,
p<.05 for all pairings) and the superiority of Group 2, in
particular, cn the former measure., With respect to "anaerobic
pcwer", Group Z had the largest mean score, statistically
sigrificarntly higher than that of the older Group 1 (t=2.6,
p<.05), as well as being higher thanr %he means of Groups 3
(t=2.5, p<.05), 4 (t=4.9, p<,001) and 5 (t=6.2, p<,001). The
mean "anaerokic capacity" score for Group 1 was also larger than
that of Grcup 5 (£=3.0, p<.05), whereas Group:3 méan was larqef
than those of both Group 4 (£=2.4, p<.05) and Group 5 (t=3.7,
p<. 00 1) .

Mean scores on the skating speed (SPEED) Qariable
distingquished subjects by phase: the Grour 1 mean was
Statistically siqnificantl? less than the other grcup means\(t's
from 2.5 to 11.4,p<.05 for all pairings), whereas means for

groups in Phase 2 were statistically significantly less than
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thcse in Phase 3 (t's from 8.3 to 9.4, p<.001 for all pairings),
(The Grougr 1 mean decreased from 5,08 to 4.33 secords when an
adjustment was made for distance skated, i.e., 105 feet in Fhase
1 versus 102 feet ir Phases 2 ard 3.)

0f the resronse sreed measures, decisiorn time (DT) and
total response time (TRT) differentiated between Phase 3 groups,
especially Grour 5, and *the remaining groups. Group 5 was
statis*tically significantly slower than all other qroups cn bo*h
thecse measures (t's from 2.6 to 8,2, p<.05 for all pairings),
whereas Group 4 was statistically significan*ly slower on
decisicn time ard tctal response time than Groups 1, 2 ard 3 and
Groups 2 and 3, respectively (t's from 2.2 %o 5.6, all p's
<.08). Only cne difference was noted wi*h regard tc movement
time (MT) as Grcup 3 was slower than Groug 5 (t=2.0, p<.C5).

Grour 3 had the hiqhest mean score on the aggression scale
(AGGR) but it was s*tatistically significantliy larger thar only
the Group 1 mean (£=2,8, p<,005)., No statistically significant
differences vwere found ketween groups on the ﬁockéy Attitude
Scale,

Group mean differences were varied for the five subtests
(SS1,SSZ,SS3,SSH,SSS) cn the Sports Scale, Bot£ Groups 1 and 5
had statistically significantly larger mears than Group 2
(t's=2.8, 2.4; p<.0t% for bbth pairings) and Group U4 (t's
=2¢7,2,3; p<.05 for both pairings) on the SS1 (aggression)

subtest, The Group 1 mean was aisc larger than that of Group 3
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(t=2.1, p<.05), On SS2 {conflict) and SSU4 {(competition), Groupr 1
had the larges* mean score, beinq statistically significantly
larger than all c¢ther groups ohn SS2 (tt's from 2.0 to 4,8, all
p's <.,05) and Groups & and 5 on SS4 (t's =5,7,2.3; p<.05).
Groups 2, 3 and 5 also had statistically significantly larger
means thar Grour 4 on Lbo*h the SS2 subtest (t's frem 2,2 *o 2.9,
all p's <,05) arnd SS4 subtest (t's from 4.1 to 5.7, all ©'s
<+.0C1)+ On SS3 (competence), both Phase 3 groups had
statistically significan:tly larger means than did Group 1(t's
=2,.1,2.2; p's <.05). Group 1 had the largest mean on SS5
{cccperation) tut it was statistically significantly larger *han

orly Grour 3 (%=2,5,p<.05).
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Charz 1

Key to Variable Abbreviations

VARIABLE DESCRIPTIION OF VARIABLE

ABBREVIATION

GROUP designa*ted membership in Grougs 1
to 5

AGE chronological age of subjec: in
months

EOWER "anaerobic power" (in krm/min/kqg),

as defined by the Wingate
Anaerobic Test

CAP "anaerobic capacity" (in
kpm/min/kg), as defined by the
Wingate Anaerobic Test

SPEED skating speed (in seconds)

DT decision (or reaction) time (din
.01 seconds) :

MT movement time (in .C1 seconds)

TIRT total response time (the sum cf DT
+ MT) (in .01 seconds)

AGGR "aggression", as determined by
coach's ratings (Phase 1) or
self-ratings (Phases 2 and 3)
(max, score = 5)

HAS Hockey Attitude Scale (max., score
= 30)
SS1 "aggression" subscale of Sports

Scale (max, score = 5)

552 “conflict" subscale of Sports
Scale (max.sccre = 5)
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EPIN

EPIL

FOMST

EOMSD

EOMSA

EOMSY

FEOMSF

EOMSC

EATKID

EXPER

"competence" subscale of Sporis
Scale (max.,sccre = 5)

"competition™ subscale of Sports
Scale (max. score = 5)

"cooperation" subscale of Sports
Scale (max, score = 5)

"extroversion" subscale of Jurior
Eysenck Personality Inventory
{max, score = 2U4)

"neuroticism" subscale c¢f Junior
Eysenck Personality Inventory
(max, score = 24)

"lie" subcale o¢f Junior Eysenck
Personality Inventory (max., score
= 12)

"tension" subscale of Profile of
Mood States (max. score = 9)

"depression" subscale of Profile
of Mood States (max. score = 15)

"anger" subscale of Profile of
Mood States (max, score = 12)

"vigor" subscale of Profile of
Mood States (max, score = 8)

"fatigue" subscale of Profile of
Mood States (max. score = 7)

"confusion" subscale of Profile cf
Mood States (max. score = 7)

rating of hockey ability of
subject by other group members
(max. score = 20)

-index of hockey experience of

subject
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WEIGHT weight of subject in kilograms
HEIGHT height of subiject in centimetres

FARM forearm girth of subiject's
dominan* arm in centimetres

FATINS rating of Lockey ability of

subject by instructors/coaches
(max, score = 20)
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Variable

AGE
PCWER
CAP
SPEED
LT

MT

TRI
AGGE
HAS
Ss1
SS52
SS3
SS4
SS5
WEIGHT
HEICGHT
RATINS

Univariate Statistics for

Iable la

Mean

223,81
52.96
41.75

.08
18.63
13.03
31,65
3.25
18.13
3,87
2.75
2.94
3,81
4,88
84.62

184. 64

41.76

Standard

Deviation

11.62
7.U46
4,22
0.12
2,65
2450
4,18
1.13
3,16
1.54
1.06
1.12
0.75
0.34
4,23
5.48
19,32

136

{Complete cases N=16)

Smallest
Value

203,00
40.00
33.40

4.90
15.60
9.00
26,20
1,00
11.00
0.00
1,00
1.00
2,00
78.10
175.3C
0.00

Largest

Value

238.00
€3.80
£1, 20

5.40
26, 20
18.00
42,40

5.00
22.00

5.00

5.00

5.C0

5,00

5,00
32.20

2€0.70
€3,70



Takle 1ib

i o s e

Univariate Statistics for Phase 2 = Group 2
(Complete cases N=20)

Variable Mean Standard Smallest Largest
Deviation Value Value
AGE 196,15 2.85 188.00 20C,00
ECWER 5&.24 8.19 45.00 78.10
CAP 46.80 4,52 38.60 57.00
SPEED E,U5 0.34 4,99 €.50
DT 17.37 1,83 14.70 21.00
MT 12,45 1.33 3,40 15.00
TRT 23,80 2.72 24.10 3€.00
AGGFE 3.80 0.77 3.00 £.00
HAS 17.40 2.91 12.00 23.00
SS1 2.55 : 1,73 0.00 .00
SS2 1.95 1,13 0.00 4,00
SS3 3.25 1.25 1.00 £.00
5S4 3.20 1.28 1.00 £E,00
SS5 4,40 0.593 2,00 £.00
EPIFX 18,80 2.91 13,00 23,00
EEIN 1z2.20 5,17 3.00 21.00
"FPIL 3,20 1.73 0.00 7.00 -
ECMST 13.15 5.25 5.00 22,00
PCMSD 8,05 8,27 0.00 30,00
ECMSA 7.90 8.40 0,00 32.00
POMSY 19,30 3.16 15.00 27.00
ECMEF .75 5.31 0.00 21.00
PCMSC 7.20 3,87 2.00 17,00
RATKID 14,75 1.11 12. 40 . 1€.90
EXPER 25,15 3.63 17.00 31.00
WEIGHT 69,78 6.53 59.00 84,00
HEIGHT 175,43 6,54 161, 30 188,00
FARNM 27,93 1.32 25,90 2%.80

RATINS 15.60 1.84 12,00 18.30
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Variable

AGE
PCWER
CAFE
SFEED
LT

MT

TRT
AGGE
HAS
5S1
552
SS3
Ss54
SSE
EPIEX
EPIN
EFIL
POMST
BCHKSD
PCMSA
FOMSYV
PCMSF
ECMSC
RATKID
EXFER
WEIGHT
HEIGHT
FARM
RATINS

Table 1lc

Univariate Statistics for Phase 2

-
-

Mean

134,61
51.81
42.40

5.57
17.58
13.67
31.21
4,13
16.26
2,91
1.87
3.39
3.04
4.04
18.65
11,13
3.00
10.61
7.87
8.03
20.09
9,78
€.04
15,35
24.83

72,70°

178,93
27.33
15.29

{Comnplete cases N=23)

Standard
Deviation

3,31
8.89
5,86
0.43
2,43
2.31
3,86
0.97
3,31
1.47
1,33
1.20
0.93
1.33
3.52
4,31
2,13
3.89
6.93
6.13
3,40
6.74
3.25
0.83
2,66
6,67
5.45
1.48
1.25
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Smalles*
Value

187.00
37.50
30,40

5,06
13.50
9.80
25,00
2,00
9.00
0.00
0,00
1.00
1.00
0,00
12,00
3.00
0.00
5,00
0.00
0.00
15.00
0,00
1.00
13, 30
20.00
60,40

169,50
25,50
12,70

Group

Largest
Value

20C.00
65.390
52.5¢C
6.82
22.00
20,70
33,00
£.00
22,900
5.00
.00
.00
£.00
£.00
27.00
13,00
7.00
17.00
22,00
25,00
28.00
22.00
14,00
16,80
29.00
8€,30
18.20
3C.9C
17.50



Variable

AGE
POWER
CAF
SEEED
DI

MT

TRT
AGGE
HAS
SS1
S52Z
553
Ss4
SS5
EPIEX
EPIN
EPIL
BCM ST
POMSD
PCMSA
PCHSYV
PCMSF
PCMSC
RATIKID
EXEER
WEIGHT
HEIGHT
FARY
RATINS

Univariate Statistics for Phase 3

ZIable

Mean

140,37
51,30
38,47

6.6
21,14
12,39
33.51
3.63
16.59
2.67
0.93
3,74
1.67
4,48
17.67
11.74
3.96
8.93
8,78
9. 44
18,78
9.00
7.56
13,50
16.26
37,14

145, 44

21.56

14,81

tandard
Deviation

8.8U
15.46
7.66
0.68
2,30
2,38
4.03
0.88
3.62
1.30
0.96
1.06
1.36
1.05
2,76
4,96
1.74
4.63
8,11
6.59
4,87
4,42
3.88
2.62
5.88
5,63
8.31
1.49
2,71

1393

(Complete cases N=27)

Smalles+
Value

124,00
29.80
22.50

5.51
17. 30
8.60
26.20
1.00
11. 00
0.00
0.00
1.00
0.00
0.00
12.00
3.00
1.00
0.00
0.00
1.00
7.00
1.00
2,00
7.10
4,00
27.20

127.00

18. 50
8450

Group

Largest
Value

158,00
99.30
54.40

.36
2€,10
18.10
43,20

5.00
22,00

£.00

3,00

5.00

4.0¢C
£.00
22.00
23.00

9,00
22,00
31,00
22.00
29.00
17.00

18,00
1€.,30
29.00
45,30

162.60
24,30
20,00



Variable

AGE
POWER
CAEF
SFEED
DI

MI

TRT
AGGE
HAS
SS1
SS52
S53
554
SS5
EPIEX
EBIN
EEIL
BCHMET
PCHMSD
POMSA
PCMSY
POMSF
PCMSC
RATKID
EXPER
WEIGHT
HEIGHT
FAR¥
RATINS

Univariate Statistics for Phase 3 = Group

Tabl

Mean

134,62
47,23
36,34

6.69
22.87
13.21
36,05
3,79
16,17
3455
1.62
3.72
2,37
4.45
16,33
13.52
3.79
10.62
10,76
13.55
19,41
8,34
7.66
13.01
17.21
36. 64

144,08
21.18
12.84

{Ccmplete cases N=29)

Standard
Deviation

9.95
9,99
5.25
0.37
2,26
2.44
3,43
1.05
2.739
1.21
1.27
1.25
1.35
1.06
3,64
4,399
2,16
5.27
8,63
7.78
4,46
5010
3,37
2,05
4,22
4.91
8,28
1.20
2,98
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Smalles<t
Value

112.00
31.70
27.30

6.13
19,50
10,320
30. 80
1.00
11.00
2.00
0.00
1.00
1. 00
1.00
11.00
5,00
1.00
0.00
0.00
1.00
11.00
1.00
1. 00
8.50
8.00
27.20

127.00

13. 10
7.00

Largest
Value

146,00
79.30
51,00

7463
26.90
2C€.20
44,50

5.00
22,00

.00

4,00

.00

.00

£.00
24.00
24,00
€,00
22,00
46,00
3C.0C
31.00
21.00
18,00
18.00
24,00
47.70

162.60
24,1C
18,00



Takble-2a
A Comparischn gj‘Means of All Variables
for Phase 1 (Grgoup 1), Phase 2 (Groups 2 and 3)
and Phase 3 (Group 4 and 5)

GRCOUE 1 GEOUE Z GRCUP 3 GROUE 4 GROUP 5 °© TCTAL

(N=16) (§=20) (N=23) (§=27) {(N=293) MEAN
(§=115)
AGE? 223,81 196,15 194,61 140, 37 134, 62 171.08
ECWER' £2,.96 58,24 51,81 51.3C 47,23 51,81
CAE* 41.75 46,79 42,40 38,47 36. 34 40,62
SPEED* 5,08% 5,45 5,57 6.60 6.63 6,02
DT * 18,62 17, 37 17.58 21, 14 22.87 15.8¢€
MT 13.03 12, 45 13.67 12,39 13,21 12.95
TRT ? 31,65 29,79 31,21 33.51 36,05 32,78
AGGEF 3.25 3. 80 4,13 3,63 3.79 3,70
HAS 18.12 17,40 16,26 16.59 16,17 16,77
ss1' 3,87 2.55 2.91 2,67 3. 55 3,09
ss2?® 2,75 1,95 1.87 0,93 1. 62 1.72
Ss3 2.94 3,25 3.39 3.74 3.72 2,47
ssu? 3,81 3,20 3.04 1.67 2,97 2.83
SS5 4,88 4,40 4,04 4,45 4,45 4,43
EPIEX N/23 18,80 18,65 17.67 16. 33 17.91
EEIN N/A 12. 20 11.13 11,74 13,52 12,21
EEIL N/A 3.20 3,00 3,36 3.75% 3,54
co¥sT! N/A 13,15 10,61 8.53 10, 62 1,67
PCMSD N/A 8,05 7.87 8.78 10, 7€ 3,00
EGMShA' N/A 7.50 8,09 3,44 13.55 10,02
POMSY N/A 19, 90 20.09 18,78 19. 41 15,49
EGUSF N/A 9,75 9,78 9,00 8. 34 9,14
POMSC N/A 7. 20 6,00 7.56 7.66 © 7.16
KATINS® 41,76 15. 60 15.29 14,81 - 12.84 18.30
RATKID® N/2A 14,75 15.35 13. 50 13.01 14,04
EXEER* N/A 25,15 24,83 16,26 17.21 2€.32
WEIGHT* 84,62 69,73 72,70 37. 14 36, 64 S5€.41
HEIGHT®* 184.6U 175,48 178,93 145, 44 144,08 162.48
FARN?Z N/A 27.93 27.93 21,56 21,18 24,272

1 ANOVA (BMDE1V) demonstrated statistically significant (p<.05)
differences amcng group means for these variables.

2 ANOVA (EMCP1V) demonstrated statistically significant (p<.01)
differences amcng group means for these variables,

3 varialkles noted by N/h were not administered to Ehase 1
sub-jects.

4 Since Phase 1 subjects skated 105 feet versus 102 feet in
Phases 2 and 3, the Grcup 1 mean would have decreacsed to 4,83
seccnds if an adjustment was made for distance (i.e., 5.(8 x
1Cz2/105) .
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Takble 2b

Differences of Group Means for All Variables:; Groups wWith
Means Sigrificantly Greater than (GT) Means of Ciher Groups

VAEIARIE GRCUP 1 GROUP 2 GROUP 3 GROUP 4 GROUP 5

MEAN GT MEAN GT MEAN GT MEAN GT FEAN GT
AGE 2,3,4,5 4,5 4,5 5
PCWER 4,5
CAE 5 1.3,4,5 4,5
SPEED' 2,3,4,5 4,5 4,5
pT' 1.2,3 1,2,3,04
mT! 4
TRT' 2,3 1,2,3,4
AGGE 1
HAS
SS1 2,3,4 2,4
552 2,3,4,5 4 4 4
S$S3 1 1
SS4 4,5 4 4 4
SS§ 3
EPIEX N/a%
EEIN N/A&
EEIL N/A
PCHST N/R 4
EOMSD N/A
POMSA N/R& 2,3,4
EONSV N/A
PCHKSF N/2
PCMSC N/A
RATINSS N/A 5 5 5
RATKID N/A 4,5 4,5
EXPER N/A 4,5 4,5
WEIGHT 2,3,4,5 4,5 4,5
HEIGHT 2,3,4,5 4,5 4,5
FAERN N/A 4,5 4,5 ‘
1 These variables involved speed; therefore, greater scores

mearnt slower responses,

2 These measures were not administered to Group 1, (See foo*note
30) . :

3 Group 1 used a different rating scale and was nct included in
this comparison table.
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No group mean differences existed between the Phases 2 and
3 groups on the subtests of the Junior Eysenck Personality
Inventory (EPIEX, EPIN, EPIL) and few differences were noted
with respect to *he sukb*ests c¢f the Profile cf Mood States
(POMS) measure, (The Jr, EPI and POMS were not administered to
Gzoup 1.) The Group 2 mean on the POMST (tension) variable was
statistically significantly greater than the Group 4 mean
(t=3.0, p<.01). The Grcup 5 mean of the POMSA (arnger) suktest
was statistically significantly larger than means for Grcups 2
(t=2,7, p<.01), 3 (%=2.,7, p<,01) and 4 (t=2.1, p<.05).

Comparisons of means of Groups 2 to 5, which used a common
instructor's rating scale or criterion measure (RATINS), showed
that Grour 5 had a statistically significantly lower mean than
Groups 2, 3 and 4 (+'s from 3.1 to 4,0, p's <.01)., Mean scores
of subjects rated by others in a subject's group (RATKID)
indicated that means of groups in Phase 2 were statistically
significantly higher thar those in groups in Phase 3 (+'s from
2.2 to 4,5, p's<,05), The experience measure (EXPER) also showed
the supericrity of Phase 2 group means over *hcse of Phase 3
(t's from 6,23 to 6.5, p's <,001).

Both weight and height distinguished grodp means by phases,
Gzoup 1 was heavier than all other groups (t's from 6.4 to 27,1,
p<. 001 for all rpairings), whereas Phase 2 groups' mean weiqﬁts
were statistically significantly larger than those of grcups in

Phase 3 (t's fzom 13,5 to 22,7, ail p's <.,001), A similaz

143



pattern was evident with resgect to height, as Phase 1 mean
height was greater than all dther groups (t's from 2.4 tc 17.89,
all p's<.05) and Phase 2 groups were *taller, on average, thamn
Phasze 3 groups (tt's from 14,0 +*o 17.2, all pt's <.001). Fcrearm
girth (FARM) was not measured in Group !: however, the trend was
sipiiar tc thcse observed for heigh+ and weight, group means for
Phase 2 were s%atistically significantly larger than those for

Phase 3 (t's fiom 15.7 to 17.6, all p's<,001),
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rix Between All Variables

1 = Group 1 (N=16)
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Iable 3b
Correlation Mairix Beiween All Variables
in Ehase 2 - Group 2 (N=20)
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Iable 3¢

Correlation Matrix Between All Variables
in Ehase 2 = Group 3 (N=23)
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Iable 34

Correlation Matrix Between All Variables
in Ehase 3 - Group 4 (N=27)
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Correlation Matrix Involving Variables
in Bhases 2 and 3 - Groups 2 o 5 (N=33)
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Factor Analysis Invglving Variables

~

Phases 2 and 3 - Groups 2 to 5 (N=33)
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THAT THE COLUMNS APPEAR IN DECREASING ORDER OF VARIANCE

EXPLAINED BY FACTORS.
SO THAT FOR EACH SUCCESSIVE FACTOR,

THAN 0.5000 APPFAR FIRST.
HAVE BEEN REPLACED BY ZERO.



Relationships Eetween Variables

Tables 3a to 3e (pp. 145=-152) presented the product-moment‘
ccrrelations bLetween all pairs of variables in each of the five
groups tested in the present study., All groups were combined and
the correlation matrix fcr the 17 variables common to all phaces
ard groups was presented in Table 4a (p, 155), To allow for amn
examination of relationships to include the additicnal measures
administered to Phase 2 and 3 subjects, Table Ub (r. 157) was
Frovided; the latter table presented a cCrrelation matrix
involving the 29 variatles common to groups (2 to 5) in Fhases 2
and 3. )

As Takle 4a indicated, numerous statistically significant
relationshipe existed among the 17 variables. The resulis of a
factor énalysis (BMDP4M) on these data were presented in Takle
52 (p. 153). Factor 1 seemed to0 load most heaﬁili cn variables
cf age and size, Factor 2 on movement time (MT) and *otal
resgonse time (TRT), Factor 3 on the anaerobic measures (POWER,
CAE), Factor 4 on decision time (DT), and Facéor 5 on three
sukscales (SSs1, SS2, SS4) of the Sports Scale, Of particular
interest in Table 4a were the relationships beitween the
Criterion measure (RATINS) and the remaining variables., (Group 1

scores on RATINS were scaled to allow their inclusion in +*he
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matrix.,) Significant ccrrelations were no*ed betweern t+he
critericn measure and each of "anaerobic power" (POWER: r=0.,23,
p<.05), "anaerobic capacity" (CAP; r=0.27, p<.01), decision time
(DT; r=-0.21, p<,05), aggression (AGGR; r=0,29, p<.01), and the
agqression subscale of the Sports Scale (SS1; r=-0.30, p<.01). |
An examination of Tatle 4L revealed that, of the additional
measures administered to Phase 2 arnd 3 groups, only scoreg on
the extroversion subscale of the Jr., EPI (EPIEX; r=0.23, p<.05),
the experience measure (EXPER; r=0.41, p<.01), the subjects!
peer ratirq scale (RATKID; r=0.83,p<.01), and the forearr girth
measure (FARM; r=0.34, p<.01) were statistica;ly significantly
related to scores on the criterion measure (RATINS), The
relationships noted in Takle U4a between the criterion measure
and scores on the POWEE, CAP, DT and SS1 variables were also
apparent in Table 4b, Considering subjects in only Phases 2 and
3 (Table Uu4b), statistically significant correlaticns with the
criterion measure were also found for age (r=0.41, p<.01),
skating speed (SPEED; r=-0.37, p<.01), to*al fesﬁonse tinme (TRT;
r=-C.34, p<.C1), weight (r=0,34, p<,01) and height (r=0.36,
p<.C1), in addition to those fcund in Table 4a, The
statistically significant correlation found iﬁ Table l4a Lketween
the critericn measure and éqgression (AGGR) was not apparent in
Table 4b, when only Phaselz and 3 subjects were considered,‘
Table 5b (p. 1€1) presented the results of a factor

analysis (BFDEUM) of the Phase 2 and 3 data. The fac*ors noted
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in Table 5a also seered to be present in Table 5b, although the
addition cf 13 variables obviously made scme differences.
Forearm girth (FARM) and experience (EXPEEK) loaded mos* heavily
on Fac*tor 1, which, as in Table 5a, was predcminantly cormposed
of age and size variables, although decision time was also
included in Takle 5b. Factor 2 in Table 5b was loaded most
heavily with new variatles, including five of the EOMS subscales
(i.e., C-confusion, D-dejection, A-anger, T-tension, F-fatigue)
and the neurcticism sukscale (EPIN) of the Jr,EPI. Factors 3, 6
and 7 in Table 5b were similar to Fac*tors 3, 2 and 4,
resrectively, in Table 5a. The subjects' peers rating scale
(RATKID) dominated Factor 4 with the criterion measure (RATINS),
Factor 5 hrad a mixture c¢f contributors but’the highest lcading

was from the cocperation subscale of the Sports Scale (SS5).

Inter-Rater Eeliabilities

Table 6a (p. 167) presented *the correlationé tetween all
available pairs of ratings of hockéy ability (RATINS) provided
by the instructocris cr coaches of each grcup, Correlations ranged
frcr a low of 0,39 in Group 3 to a high of 0.88 in Group 4. (As
mentioned previously, ratings were provided by one instructor in
Grcup 3 by using a rating scale different from the criterioﬁ
measure, These ratings were adjusted for ccompariscn with ratings

of cthers using the criterion measure; the relationship Lketween
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ratings using the different scales was sufficiently low (r=0.38)
tc warrant omitting the non~criterion measure ratings frcm
further analysis. The correlation presented in Table 6a for
Grcup 3 was derived frcm examining all available remaining rpairs
of ratings. As was seen in Table 6a, the inter—-rtater correlatiorn
(r=0.,39) remained 1low.)

Subjects in Phases 2 and 3 were asked to rate their peers
on hockey ability. The correlations between the means of peers!
ratings (RATKIL) and the means of instructors! ratings (FATINS)
were shown in Table 6b (pp. ). The resuliing correlations ranged
from 0.78 in Group 2 tc 0.32 in Group 4., Correlaticns were

highest in Phase 3 groups.
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Table

jon

a

Product-Moment Correlations Between Instructors! Ratings
ARATINS) for all Phases and Groups
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Phacse 1 Fhase 2 Phase 3

Group 1 Group 2 Group 3 Group U Grcup 5
r=0.,66 r=0.78 r=0.,39 r=0,88 r=(0.68

(N=3) (N=24) (N=14) (N=31) (N=23)
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Iable 6b
Product-Moment Correlations Betweer Insiructors'
Ratings (EATINS) and Subijects' Peer Ratings (RATKIL)
for Phases 2 and 3 - Groups 2 to 5
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Fhase 2 Phase 3
Group 2 Group 3 Group 4 Group 5
r=0, 78 r=0.,8 r=0,92 r=0, 90
(N=24) (N=214) (N=31) (N=20)
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Begression Analysis:

Regqression analysis was conducied orn all ghases comkined to
examrine overall trerds, on Phases 2 and 3 combined to lock at
the increased number of variables common to %*hese phases, and on

individual rhases and gzoups to examine specific *rends.

All phases and grours

The BMLP3EF program {(Dixon, 1977) was utilized o select
the "best" subset of predictors using subjects in all phases and
groups (N=115). RATINS, the critericn measure invclving ratings
cf hockey ability, was the dependent variable and the remaining
variables served as iﬁdependent va;iables. The independent
variables totalled 18 as two!l variébles indicating phase
memkership (i.e., X1,X2) were added to the analysis. The "best"
subset of variatles (based on Mallow's Cp (see Pp.. 128)$ was
described in Table 7 (p. 171): seven variables were involved in
a multiple ccrrelation (R) of 0,74 or accounted for 55 percent
of the variance (R1=0.55) in ratings of hockey ability across
all phases and groups (F7J07 =18.65, p<.001)., However, the

1since GRCUP did no+t involve an interval scale, it was necessary
to represent each phase by a combination of two variables, i,e.,
X1 and X2. Assiqgnments were as follows: Fhase 1 (Group 1) =
X1=1,X2=0; Phase 2 (Groups 2 ard 3) - X1=(,X2=1; and, Phase 3
{Gzcups 4 and 5) -%X1=0,%2=0,
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N

presence of X1 and X2 as statistically siqnificant items (p<.05)
among the seven predictor variables meant that the phases were,
in fact, different and meaningful analysis was not possiktle

thrcugh ccmbining data from all phases,

Phases 2 and 3

The EMDE3EK "besi" subsets program was also aprplied +to the
ccirlete data sets c¢f subjects in Phases 2 and 3 (Groups 2 %o 5)
{N=359) so that analysis including the additional measures
administered to these subjects was availalble, The GROUPZ2
variable, used %o indicate phase membership was included to make
a total of 28 independent variakles:; the dependent variakle was
the criterion measure or RATINS. (RATKID, *he subjects' ratings
of *heir peers' hockey ability was not included in this anelysis
because of general high correlations betvween RATINS and ERATKID.)
Table 8 (p, 172) contained a description of the "hest" subset of
variables; they numbered eight and produced ajmultiple-
correlaticn of 0,68 with the criterion measure or accounted for
47 rercent of the variance (RZ=O.47) in hockey ability ratings
(ngq0=9.90, p<,001), Again, however, GRCUP was a statistically
significant (p<,001) member of the "best" predictor subset, *hus

indicating subs*antial differences between Phases 2 and 3 data.

2GFCUP was used to distinguish membership in Phase 2 or 3. GEROUP
was given a value of 1 fcr membership in Phase 2 (Groups 2 and
3) and a valuve cf 2 for membership in Phase 3 (Groups 4 and 5).,
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This keing the case, other subsets were not investicated as data

frcm the twc phases were not amenable to combined anralysis,
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Table 7

(§=115) ; Description of "Best" Subset of Predictor Variables

Variarlle Eegression Standard p of t- Contribution

Coefficient Error Statistic to R%
fcr Var,
AGE 0,070 0,030 0,021 0.023
CAE 0.113 0.043 0.011 0.028
MT C.u09 0.173 0.020 0.023
TRT - 0,198 0.111 0,076 0,013
SS1 - 0.322 0. 160 0.0u47 0.017
X1 -12.U485 2,631 0.000 0.035
X2 - 4,320 1. 748 C.015 0.0z6
Intercept 2,582 5,593 0,645
Multiple Correlation (R) - 0.74

Squared Multiple Correla*ion (Rz) - 0.55

Source af SS MS F P

Regression 7 771, 49 110, 21 18,65 0,000
Residual 107 6:2,3U 5,91
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Regression Aralysis Involving Phases 2 and 3 =
Groups 2 1o 5 (N=39): Descripiion of "Eest"
Subsetr of Predictor Variabies

Regression Standard p of t- Contributicn

Variable Ccefficient Error Statistic <o R%
for var,

GRCUP 7.671 1,810 0.000 0,106
AGE 0,067 0.029 0.026 0.030
CAP 0,154 0,038 0.000 0.087
551 - 0.442 0,147 0.002 0,057
SS3 0.276 0,177 0.123 0.014
EXEER 0, 147 0.048 0.003 0.055
WEIGHT 0,181 0.058 0,002 0.0c8
FAGRN - 0,480 0.242 0.051 0.0z3
Intercept -53.374 16,149 0,001

Multiple Correlation (R) - 0.68

Squared '‘Multiple Correlation (K¢)=- 0.47
Analysis of Variance
Souzrce daf SS Ms ¥ P
Regression 8 308, 25 38,53 3,30 0,000
Residual 9¢ 350, 17 3.89
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Phacse 1

The application'of EMDPY9F to Phase 1 (Group 1) was not
pFcesible because sample size (N=16 complete cases) was tco small
relative to the number of variables. Different variables were
deleted frgm subsequent BMDPOFK runs but no statistically

significant conmkination of variables was found,

Phase 2

The EMDEOR program was applied ta data in Phase 2 (Groups 2
and 3) (N=43) and resulted in the "hes*" subset of predictors
described in Takble 9(p. 175), The ;ombination of 12 variables
produced a multiple correlation (R) of 0.839 or accounted for 79
percent of the variance (R2=0.79) in ratings of hockey atility
in fhase 2 ‘F\Z30 =9.37,p<.001), Since GROUP did no* appear as
cne of the predictors, the two groups (Groups:2 énd 3) in Phase
2 were considered as a single unit for purposes of analysis,

BAlthough the ﬂbest" subset in Phase 2 caontained 12
variables, six cf *the variables were actually‘subscales ¢t cther
measures (SS1, SS2, SS3 and SS5 were subscales of the Spcris
Scale; POEST and POMSF weré two of the =ix POMS subscales),
Thus, the 12 variables vwere actually accounted for by eight

measures, (An examipation of the t=-statistics for each variable
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showed that HAS and SS3 were not statistically significant a=
the .05 level, Bz would have been decreased by their remcval but
the elimination of HAS would reduce the number of measures

enrloyved %o eigh*,) The effects on R2

and on the number of
inveclved measures by adding or deleting variables from +he
"Fest" subset were shown in Table 10 (p. 176)., Four exanrle
stbsets were presented but many other ccmbinations were, of
course, pcssible, As indica%*ed in Table 10, the addition cf two
variables (EXPER, CAP) tc form subset B resulted in the addition
of cnly ore measure (EXPER: CAP and POWER\were derived from the
same measure) while increasing the RZ to 0,83, (Twc variables,
CAF and SS3, were statistically non—;ignificant in this
ccnkination kut both were part of other measures,) An R% of 0.76

Wa

14/]

attainable by decreasing the number of variables and
measures by cne (subset C), whereas a combination cf 10
variables ku%t six measures (subset D) resulied ir an Rz cf 0,74,
Rll the stk=ets in Table 10 were significant.

Little imrproveument on subset B's r% valué wés noted when

variables or measures were added; R% increased <o only 0.86 when

20 variables
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o

ble 3

BRegression Analysis Involving Phase
(N=43) ; Description of "Best!" Subset

= Groups 2 and 3
Predictor Variables

2
£

Variakle Regression Standard p of t=- Contribution

Coefficient Error tatistics to R?*
for vVar,
EOWER 0,105 0,019 0,000 0.212
MT - C,190 0,079 0.022 . 0.041
AGGR - 0.651 0.181 0,001 “0.,030
HAS - (0,105 0.052 0.053 0.029
551 - C,360 0,032 0,000 0.107
5582 - 0.616 0. 147 0.000 0.124
SS3 0,244 0,128 0,066 0.025
SS5 0.604 0.182 0.002 0.077
POMST - 0,080 0.036 0.034 0,035
PCMSF 0.173 0.0u40 0.000 0,132
WEIGHT 0,240 0,036 0,000 0.313
Intercept 18.276 3.409 0,000
#ultiple Correlation (R) - 0.83

Squared Multiple Correlation (RZ) - 0,79

Source daf SS MS F P
Regression 12 78.87 6.57 3.37 0.000
Residual 30 21,05 0.70 .
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Table 10

Effects on R°, Number of Variables and Number of
Involved Measures of Adding to or Deleting from
"Fesi!" Subset of Predictors in Phase 2 Groups 2 and 3 (N=43)

Some Possible Subsets

UBegtM A B C D
POWER  POWER POWERF POWER  POWEF
MT MT cap! MT AGGR
AGGR AGGR MT AGGR SS1
HAS! HAS AGGR SS1 ss2!
SS1 SS1 HAS SS2 SS5
SS2 SS2 SS1 ss3! POMST
ss3' ss3! SS2 SS5 poMSA’
SS5 SS5 ss3! POMST POMSE
POMST  POMST' SS5 POMSF  WEIGHT
POMSF  POMSF POMSTI  WEIGHT FARM
WEIGHT EXPER' POMSF  FAEM
FARM WEIGHT EXPER
FARM WEIGHT
FARN
R*0f Subset 0.79 0.81 0.83 0,76 0.74
No, of Variakles 12 13 14 11 10
No. of Measures 8 9 9 7 6
Variakles Added = = EXPER  EXPER,CAP - POMSA
Variables Deleted - - - HAS MT,HAS,SS3
Subset F 9,37 9,27 9.45 8,36 8.96
Statisticsdaf 12,30 13,29 14,28 11,31 10,322
T 0,000 0,000 0.000 0,000 0.000

IThese variables had statistically non-significant (p>.05)
t=statistics when used in the =subset noted.

176



Tabie 11

T

Regression Analysis Invdlving Phase 2 - Groups 2 and 3
(N=43) : Descripticn of Subset B of Predictor Variables

Variakie Regression Standard p cf t- Ccntribution

Coefficient Error Statistic to R?

for Var,

ECWER C.138 0.025 €.000 0. 145
MT - (.220 0.076 0.008 €.052
HAS - 0.12¢% 0.050 0.019 0.039
SS1 - 0.337 0.0390 0.000 0,123
SS2 - C.58¢0 0. 140 0.000 0.108
SS3 0,242 0. 121 0.055 0,025
POMST - 00071 O. 03’4 OoO“’? 00027
EOMSF 0.16F5 0.039 0.000 0.113
EXPER 0,033 0.044 0.045 0.028
WEIGHT 0.213 0.037 0.000 0.212
FAERM - 0.621 - 0.176 0,001 0.078
Intercep* 17.737 3.524 0.000

Multiple Correlation (R) = 0.91

Sguared Multiple Correlation (Rz) 0,83
Analysis cf Variance
Souzce daf SS MS F P
Regression 14 82,46 5.83 2.45 . 0,000

Kesidual 28 17.45 0.62
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Figure 2

(Phase 2) verisus Acitual BRatings (RATINS) E_;_E ﬁ‘c—)‘c"];_g_?l-gbility
in Phase 2 - Groups 2 and 3 (N=43)
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FIGURE 2 .
PREDICTED RATINGS (PREDICTD) BASED ON SUBSET B
(PHASE 2) VERSUS ACTUAL RATINGS (RATINS) OF HOCKEY ABILITY
IN PHASE 2 -~ GROUPS 2 AND 3 (N=43)

-o+-o~o+-o.c+-oo.+..o.+o-on,+.u.l+c.c-+¢c.x.
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12.75 14.25 15.75 - 17.25
13.50 15.00 16.50 18.00
N= 43 ‘
COR= .908 PREDICTD
MEAN ST.DEV. REGRESSION LINE RES .MS.

X 15.433 1.4012 X= .82532*%Y+ 2.6958 35132
Y 15.433 1.5424 Y= 1.0000%X+ 954E-9 .42568
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were employed (tut Malicw's Cr increased from 5.55 +o0o 13.92, the
additional six variables added little *o prediction). Sulkset B
was chosen as an illustra*ive subset which appeared to present
to high Rz while u+tilizing a "manageable” numier of measures,
Statistics for subset B were shown in Takble 11 (p, 177); a
grafphical representation of predicted ratings using this subset
of variables (PRELCICTD) versus actual ratings of hockey abiliity
(RATINS) was presented in Figure 2 (p., 178). (Rlihough subsex B
contained twc variables (CAP and SS3) which did not add
statistically significantly to the regression equation, scores
for both variasles cculd te obtained by the administra*icn of
other measures. Thus, without affecting *est protocols, they

. . . . 2
were contributing tc¢c an increase in RT,)

Phase 3

Attempts fo run BMDE3R using complete data sets fror Phase
3 (Groups 4 and 5) subijects (N=56) were unsuccessful when all
available 28 variables were employed. (BMDP3R set "+tolerance"
limits on the extent to which variables cculd have been
interrelated (1-Rz); when tolerance limits were yiolated, +he
program was terminated. The progranm could have been attempted
again with the specified variaples removed.,) The BMDPY9R groqran.
was emploved, after removing four variables (POWER, POM3A,

WﬁIGHT, FARM), *o analyze the relationship of 24 independent
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variakles to the critericn measure, Table 12 (p. 182) presented
the description of the "best" subse: of rredictors with Ehase 3
subjects, Six variables combined to produce a multiple
correlation (R) of 0.7C or accounted for 43 percent of the
variance (P2=0,49) in hockey abiliity ratings of Phase 3 csubiects
(FéAq =7.7C, p<.001)., The presence of GRCUF as a variable in the
"best!" subset was noted; however, GROUP d4id not make a
statistically significant (t==1.67,p=. 101) contribution to the
prediction equation and was, therefore, renoved., Description of
the subset without GROUP was provided in Table 13 (p, 183).
{Ncte that, upon removihq GROUP, R and R% decreased %o 0.68 and
O.U46 respectively.,) Groups 4 and 5 were, therefore, considered
as cne unit,

Other pcossitle sulksets were presented in Table 14 (p. 184)
with information on the effect of adding or deleting variables
on K* and on the number c¢f measures, Each subset was run through
reqiession analysis initially with GROUP as a variable, GROUP
was not statistically significant (p>.05) in éacﬁ case and
remcoved from the subsequent analysés, the reéults of which were
presented in Takle 14, All the subsets were significant. As was
noted, r* could have been increased to 0,58 (éubset C) by the

additior of seven variables or
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Iable 12

Groups 4 and 5 (N=56) :Description
0of "Best!" Subset of Predictor Variables

Kegression Standard p of %- Contribution
Variable Coefficient Error Statistic to R%
for Var,
GECUP -1.187 0,710 0.101 0.029
AGE 0.0693 0.035 0,056 0,040
CAE 0.186 0.055 0.001 0.122
SS1 -0.686 0. 266 0.013 0.070
SS2 0.689 0.290 0.022 0.059
EXEER 0. 153 0.062 0.018 0.063
Intercept 1. 365 6. 121 0.824
Multiple Correlation (R) - 0,70

Squared Multiple Correlation (Rz) - 0.49

Scuzrce df SS MS F P
Regression 6 235,28 39,88 7,70 0,000
Residual 45 253,83 5,18
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Table 13
Regression Analysis Involving Phase 3 - Groups 4 and 5
(N=55): Descripticn of "Best" Subse: (Without Grour)
of Eredicior Variables

Variable Regression Standard p of t-  Centribution
Coefficient Error Statistics to R%
for variable

AGE 0.085 0,035 0.013 0.064
CAF 0.196 0,055 0,001 0,137
SS'1 -0.820 0.258 0.003 0.110
SS2 0,587 0,283 0,047 0.045
EXPER 0. 137 0.063 0,034 0.052
Intercept =-5,666 4,528 0.217

Multiple Correlation (R) - 0.68

Squared Multiple Correlation (RZ2)- 0.46

Apalysis of Variance

Souzrce at SS MS F p
Regressioxmn 5 224,80 44,96 8.38 €.C00
Residual 50 268,32 5,37

183



e 14

3
)

tS on 3?; Number of Variables and Number of

lved Measures of Adding to or Deleting from

"Eest!" Subset (Without GRQOUP) of Predictors in

— e e e i i

DPhase 3 = Groups 4 and 5 (N=56)

Some Possible Subsets

"Besth A B Cc
AGE CAP AGE' acE'
CAF MT CAP CAP
Ss1 TRT MT MT
$S2 SS1 TRT" TRT
EXPER SS2 AGGR' AGGR'
POMST' S51 S51
POMSF  SS2 SS2

EXPER  ss3'  ss3!
PCMST' POMST
ECMSF! POMSEF
EXPER EXPER!

HEIGHT
R%cf Stbset 0. 46 0.50 0.55 0,58
No, of Variakles € 8 11 12
No, of Measures 4 5 7 8
Varialkles 2dded - MT,TRT MT,TRT, MT,TRT,AGCGR,
POMST, ss3, S$SS3,PONMST,
POMSF PCMST, POMSF,HEICGHT
POMSF
Varialkles Deleted - AGE - -
Subset F g, 38 5.97 4,89 4,83
Statistics{df £,50 8,47 11,44 12,43
p 0,000 0.000 0.000. 0,000

'These variabtles had statistically non-significant (p>.05)
t-~statistics when used in *he subset noted,
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four measures tc the "best" subset, However, the addition of
seven variables also resulted in five variables having
statistically non-significant (p>.05) t-statistics. Thus,
alttouqh increasing R%®, these five variables did nct add
statistically significantly to the prediction egquation, 1In
short, then, the "best" subset or subset A (in which a
non=-significant variable (POMST) could have been derived from a
measure which included a statistically significant variakle
(PCFSF)) seened preferable *o longer subsets with R%'s inflated
by a number of statistically non-significant variables, A
graphical representation of ratings predicted from the "kest?
sukset (PREDICTD) versus actual ratings (RATINS) of hockey

apility of Phase 3 sukjects was presenzed in Fiqure 3 (p. 186).
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Figure 3

Predicted Ratings (PREDICTD) Based on "Bes*" Subset

o e — o ———— e e e o

Ability in Ehase 3 = Groups 4 and 5 (N=56)
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FIGURE 3
PREDICTED RATINGS (PREDICTD) BASED ON "BEST'"SUBSET
(PHASE 3) VERSUS ACTUAL RATINGS (RATINS) OF HOCKEY
ABILITY IN PHASE 3 - GROUPS 4 AND 5 (N=56)

.+....+....+....+'...+....+....+...x+....+.
21 + +

nZ-HAap =

18
15
12
9.
60 + +
.+..&. .x....+....+“...+....+.".'+..'.+.‘...+.
8.750 11.25 13.75" 16 .25 - 18.75
10.00 12.50 15.00 17.50
N= 56
COR= .675 PREDICTD
MEAN ST.DEV. REGRESSION LINE RES.MS.
X 13.793 2.0217 X= .45587*Y+ 7.5051 2.2651

Y 13.793 2.9943 Y= 1.0000%X-954E-9 4.9688
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v. riscussion

The findings presented in Chapter 4 were discussed below.
Particular reference was made to the relationships between the
findinrgs and the gereral and specific hyrotheses stated in
Chapter 1. Comments vwere also made about the variables enmplovyed
and the ocbserved results, The subseis or tes+t bat*eries which
energed from regression analyses were discussed in terms of

their u+*ility in *he field.

Findings ard the General Hypothesis

Since the general hypotheses (stated in Chapter 1)
provided tke focus for the preseni investigation, the findings
were discussed irpitiaily in telaticn to tha*t hypothesis. The
general hypcthesis was that accurate estimaticns of ratings of
hcckey playing ability were oktainable from sccres on an
isclated tattery of measures, i.e., the variance .in perceived
hockey playing ability was explicable by scores on a battery of
tests purporting to measure anaerobic power and capacity,
specific hockey skills, psychological factors .and
perceptual-motor ability, The findings suggested qualified
suprort fcr this hypothesis; although differences among +*he:
three cateqories of sukjects tested prohibited +he discovery of

a sinqgle rrediction equation applicable across all ca*eqcries,
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prediction equations were found tha*t explained consideratle
pIorortions of *he variance in hockey ability ratings within
categories of subjects,

An immediate implication of the failure %o find a
generalized prediction egua*tion was that the regression
equations obtained were "population specific?", That this might
Lave been the case would have agreed with a statement by Ka*ch
and Katch (13980) that "It is well documented that grediction
equations derived on omne segment of the population do a
relatively poor job when used to predict other population
values”" (p. 258), The latter authors argued for the need to
examine the predictive validity or cross=-validation of
regression equations by applying +*he equations in other c=amples
frecm the same population and rigorously investigating the
procedures and findings., Among the suggestions of Katch and
Katch (13980) was that large (over 75), randomly selected samples
ke employed for cross-validation, Obviously, then, an extension
cf the present paper would have involved an aftembt to
cross—-validate the regression eguaéions which emerged frcm the
curreﬁt data by applying them tc other samples,

Perhaps the discovery of "population specific" equations
seenred less unlikely when the populations were quite different,
Arquments might have been édvanced that suchk was the case iﬁ the
present study, Tables 2a and 2b (pp. 141 & 142) in Chapter 4

provided scme indicaticn that differences did exist between the
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phases and qrours emploved, although such evidence depended on
+he appropriateness and validity of the instruments used, I=
seemed clear, however, that %he selection Frocedures and phase
membershir were determined in distinctly differern* ways., In
Phase 1, subjects were part of a team and successful performance
was crucial for a future career as a hockey player; in Phase 2,
subjects were invited cn the basis of superior performance for
their age but were brought together in relatively large qroups
for learning experiences; Phase 3 subjects were the youngest,
were self-cselected, had a'variety of backgrounds and skill
levels in hockey, and were part of broad summer camp experience.
Given the differences Letween phases, :the lack of a generalized
equation *o predict the hockey ability cf players in these
diverse settings seemed less unexpected,

Speculation might also have included a discuscsion of the
measures and methodologies employed., Data on available
reliability and validity statistiqs were presented earlier in
this repor*; discussion of the recently deveiopéd measures, ih
particular, took place below, The omission of variables in the
present study which might have keen more effective predictors of
kockey ability was a matter for further reseérch.

Methcdological prcblems appeared to be especially evident
in Fhase 1. The reductich of sample size to 16 complete data
sets limited the utility of the sample. The use of a smalle:

number of variables in this phace restricted comparisons with
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cther phases, The enrplcyment of a different criterion measure
alsc presented difficulties.'Althouqh the longer form used in
Phase 1 was ostensibly more precise than the criterion measure
used in Phases 2 and 3, *he time required to complete it and *he
apparent lack c¢f applicability of some cateqgories reduced its
usefulness, Adarting scocres on this measure for comparisons
acrcss all phases had unknown effects. In short, Phase 1 da*a
were of questicrable value and appeared to seriousiy restrict
effective analysis in this study across three cateqgories of
playeis,

The data from Phase 2 seemed most promising. The emergence
of an R® of 0.83 between subset B (see Table 11, p, 177) and the
criterion measure (RATINS) was the most impressive finding in
+he study. Speculation as to reasons for this finding might have
included *the relative eliteness, in terms of skills, and
homcgeneity of the sample, the expertise of the raters, and the
Fossibility that the test battery was most appropriate ‘and
sensitive to players at that level. Although érosé-validation
was warranted, the selection of ancther sample depended cn a
descripticn of *the ccmmon population. A cross=validation sample
chosen solely on the basis of age level of thé players (Midge<x)
might not have served as well as the elite sample tested in the
present studye. Cross—validétion, then, might have keen attempted
on. samples ¢f both select, supericr players and non-select

plavers frcr the appropriate age level of competition (Midget).
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The strength of R2 in Phase 3 subsets of predictors was
less impressive; a modest increase in R% of the "best" subset
was possible but the addition of variables to achieve this
increase resulted in the emergence of sta*istically
non-significant (p>.05) t-statistics for some of the subset
variables., It was noted that AGE and EXPER, an index of hockey
exrerience, were among the five variables that composed the
"best" subset c¢f predictors, The inclusion of these variables
appeared to emphasize the importance of maturation and learning
in the predicticn of hockey ability in subjects at this aqe
level, As Takle 2b indicated, Groups % and 5 were statistically
significantly different on seven variables, inqludinq age,
Therefore, it might be arqued that, despite the statistical
non-sigrnificance (p>.05) of GROUP in %the regression analysis of
Phase 3 data, the ccmbination of Groups 4 and 5 in Phase 3
resulted in less homogeneity than did the combination of Groups
2 and 3 in Phase 2, The differences found between Groups 4 and
5, as well as ¢thers that migh%t have beemn undeiec{ed, might ha#e
contributed to the explanation of ohly aprroximately half of the
variance (B*=0.46) in hockey ability ratings of Phase 3 subijects

by the "best" subset of predictors,
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Findirqs and the Specific Hvypotheses

Six specific hypotheses wére stated in Chapter 1 of this
parer tc provide operational definiticns of the sirength of the
relationships under inves*igation. The first specific hyrothesis
was that the ermployved Lattery of measures would have acccunted
for more than EEZ percent of the variance in hockey ability
ratings, the latter fiqure having been reported by Deshaies et
al.e (1978) ., As discussed above, this figure was surpassed in
Phacse 2 of the rresent study, in which 83 percent of the
variancé (R2=O.83) in ra*ings was accounted for by subset B, In
Phase 3, tie fiqure of Deshaies et al, was not surrassed as +he
preferred subsets, i.e., the "best" subset and subset A,
acccunted for 46 percent (R%=0,46) and 50 percent (R*:0.50) of the
variance in ratings, respectively. No statistically significant
regression equation was found in Phase 1, althougbh this sample
was composed of players at the same level of play as in the
Deshaies et al, (1978) study. Possible reasoné fof +he Phase 1
finding were discussed atkove,

The second specific hypothesis was that the employed
measures of "anaerobic power" and "anaerobic éapacity“ weuld
have correlated more strongly with hockey ability ratings than
the value (r=0,U42) reported by Deshaies et al. (1578) between
abili+ty and anaerobic power (as measured by the Marqgaria e% al.

(15€6) test)., BAs discussed earlier, the present study emrloyed
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the Wingate Anaerobic Test (1977) to obtain indices which werse
called "anaerohkic power" (POWEE) and "anaerobic capacity" (CAP).
Takles 3a to 3e (pp. 145 to 153)and Tables la and 4b (pp. 155 *o
157) presented the correlations betvween variables within grcups
and across phases, Correlations between ratings (RATINS) and
EOWER in Group 2 (r=0.,42), RATINS and CAF in Group U (r=(C.52),
and RATINS and POWER in Group 5 (r=0.42) equalled or surrascsed
the Deshaies et al, (1378) figure; the correlation between
RATINS and CAP in Phases 2 and 3 combined (r=0.46) also
surrassed the Deshaies et al. figure, However, statistical
significance was noted with respec:t to only the Group 4
(r=0.52,p<.01), Group S (r=0.42,p<.05), and combined Phase 2 and
3 (r=0,46,p<.01) figures. Although correlations of the strength
fcund by Deshaies et al. were not noted within all groups in the
Fresent study, POWER and CAP were both statistically
significanrtly correlated with hockey ability ratings when all
phases Wwere comkined (cee Table 4a) or when Phases 2 and 3 were
comtined (see Table 4b). In short, only qualified'support for
the second hypothesis was found, Differences between the present
study and that cf Deshaies et al., (1978), which included sample
composition and differences in the rating and énaerohic reasures
that were related, might have been influential ir the lack of
total consistency in findings of the two studies. |

The third specific hypothesis was that the skating speed

measure enplcyed, being the same as that used by Deshaies et al,
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(1578), would have shown a similar strength c¢f correlaticn
(r=-0.55) with hockey ability as that obtained by the latter
authors. The present findings showed: that +he correlation
between skating speed (SPEED) and ratings of hockey ability
(RATINS) exceeded the Deshaies et al. figure for only Grcup 5
(r=-0.,66,p<.01), Although not reaching the magnitude repcrted by
Deshaies et al., statistically significant correlations Letween
SPEFD and RATINS were alsoc noted in Group 1 (r==0.50, p<.05) and
when data from Phases 2 and 3 were combined (r==0.,37,p<.C1) ., The
implicaticns of the findings were unclear, Since sta*istically
sigrificant correlations were found in only two of the five
groups, the suggestion appeared to be that skating speed was
generally less importan+* *han other variables in conitributing to
ratings of hockey ability. It was a moot pcint as to whether the
raters vwere not able to differentia*e between plavyers on the
basis of skating speed, whether speed was not an importarnt
consideration in their ratings, or whether skating skill wvwas not
sufficiently developed in subjects within phaées; in comparisdn
to cther skills, to allcw for differentiation. It was
interesting that *he correlation between SPEED and RATINS was
statistically significant in Phase 1, as this‘sample was at the
same level (Junior) as the sample tested Ly Deshaies et al.
(1878) ., Phase 1 also empldyed +he Deshaies et al, criterioﬁ
measure, an instrument which specifically asked for ratirgs on

different asgects of skating; the criterion measure emplcyed in
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Phases 2 and 3, however, merely mentioned skating as one fac*or
that might have been ccnsidered in deciding on ratings., Thusg,
the possibility existed that the differences in the rating
scales might have contributed to the findirgs. Phase 1 raters,
the coaches, also had a season to become familiar with the
skills of their players, whereas raters in Phases 2 and 3 had
only a week with their players, observing them mostly in praticé
(rather than game) conditions. The small Phase 1 sample size
limited sreculation abcut the finding of a speed/ratings
relationship in this samgple providing confirmation for <the
findings of Deshaies et al.,; further replicative studies could
have addressed this matter, The finding of a statistically
significant correlation ketween SPEED and RATINS when data from
Phases 2 and 3 were comkined seemed to reflect the relatively
strong correlation (r=-0,.,66) in Group 5; correlations in the
other qgroups in these phases were low (r's of 0.01, -0.08,
=0416)

The fourth specific hypothesis was that:one'or a
comkination of the ermployed psychdloqical measures correlated
more strongly with hockey ability than +the relationship
(r=-0.35) reported Ly Deshaies et al. (1978)Nbetween a measure
of achievement nrotivaticn and hockey ability. An examination of
the present data revealed.correlations betveen SS3 (the |
competence subscale of the Sports Scale) and RATINS Qf 0,45 in

Group 2 and Letween HAS (the Hockey At:titude Scale) and FATINS
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of 0.37 in Grour 5. Correlations beitween AGGR (ratings of
.aggression) and RATINS (r=0;29,p<.01) and between SS1 (the
aggression subscale of *te Sports Scale) and RATINS
{r==0.30,p<.01) were also statistically significant when data
from all phases were combined, as were the correlations Letween
S5S1 and RATINS (r=-0.23, p<.05) and between EPIEX (the
extroversicn subscale c¢f the Jr.,EPI) and RATINS (r=0.23,r<.05)
when Phase 2 and 3 data were combined,

The relationships ketween the criterion measure and
combinaticns of psychological variables were examined by using
these psychological variakbles as independent measures and the
criterion measure as the dependent variakle in regression
analyses., (Data from individual groups were not examined because
of small samgple sizes,) Combinations of psychological variables
did nct produce statistically significant Fe-statistics (5>.05)
when phases were considered separately. When Phase 2 and 3 data
were combined, a multirle correiation of 0.51 was noted tetween
all psychological variables and RATINS (Fuhgi =f.80,p=.046):
however, only two variakles, HAS kHockey Attitude Scale) and
PCEST (the *tension subscale of POMS), had statistically
significant t-statistics (t=-2.20,2.51;p's<.65)o When data from
all phases were combined, a multiple correlaticn of 0.39 was
fourd (F7ﬂo7 =2.60,p=.016); only SS2 and SS3 (the conflict\and'
comfetence subscales, respectively, of the Sports Scale) had

statistically significant t-statistics (t=2.27, =-2.08; p<.05),
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Hence, when data were combined across all phases or across
Phases 2 and 3, relaticnships between combinations of
psychological variables and *the criterion measure vere stronger
than that rerorted by Leshaies et al. (1878) (zr=0,3E).

The R of 0.51 (or R%* of 0,26) which resulted when Phase 2
and 3 data were combined did nct appear to be substantial when,
as Morgan (1980, p. 23) contended, personality traits had
consistently accounted for 20 to 45 percent of the variance in
csforts perfcrmance. Since the psychological variables emrloyed
in the rresent study included measures other than -just ‘
personality traits, the findings were not impressive, It might
have been, as Mcorgan (1980) also stated, that the combinaticn of
psychological with physiological variables resulted in improved
prediction; this appeared to be the case in the present study.

The fifth specific hypothesis was that the employed
measures of perceptual-motor ability correlated more strcngly
with hockey ability than the relationship (r=-0,22) reported by
Destaies et al. (1978) ., Instances of correlaticné greater than
the latter figure were found but, because of relatively small
sanrle sizes, scme of the relationshigs were statistically
non-significant (p>.05). Significant rélationéhips were found
between DT (decision time) and RATINS (r==-0.46,p<.C5) in Group
4, tetween DT and RATINS (r==-0.,43,p<.01) and TET (to%al response
time) and RATINS (r=-0.34,p<.01) when Phase 2 and 3 data were

ccmbined. B statistically significant correlation of =0.21

198



(p<.05), approximating the figure of Deschaies et al. (1378), was
found betuween DT and RATINS when data from all phases were
comkined. Thus, *the hypothesis was given only gualified support;
decisicn time (DT) <showed similar relationships with hockey
ability ratings that of Deshaies et al, when data were ccmbinéd
across groups but, except for Group 4, noct when data for
individual groups were considered, Nonetheless, it was
interesting to note some similar resulis despite differences in
the present study and that Deshaies et al., when these studies
used different perceptual-motor measures. It might have Lteen
arqued that the hockey content of the tachistoscopically
presented slides was unimportant in the Deshaies et al, study
and that simple reacticn time, as measured in the present study,
would have served as well,

The sixth and final specific hypothesis was that the other
hyrotheses stated above were valid in hockey players of
different ages and skill levels. Group differences with respect
0 each hypothesis were discussed above. Suéporf for the sixfh
hypcthesis was strongest when evidence was provided by ccmbining
data from Fhases 2 and 3 (see Table i#b, p. 157). Significant
correlations were noted between hockey abili£y ratings and each
of "anaercbic power" (r=(0.40,p<.01), "anaerobic capacity"
(r=0.46,p<.01), skating épeed {r==0,37,p<.01), psychological
variables (r=-0,23,p<.05) for 551; r=0,23,p<.05 for EPIEX;

R=0.51, p<.0%5 when psychological variables were corbined), and
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perceptual-mnotor measures {(r==0.43,p<.01 for decicsicon tinme;
r==C.34,p<.01 fcor total respbnse time), However, the strenqgth of
+hese correlations did nct compare with thcse reported by
Deshaies et al., (1978) in all cases, Although generally lower in
magnitude than those for Phases 2 and 3, statistically
significant correlation were noted between hcecckey ability
rating¢s and variables in three of the categories mentioned above
when data from all phases were combined {see Table Ha, p., 155);
there was a non-significant correlation between ratings and
skating speed (r=0,06;r>.05).,

Thus, the specific hypotheses were not supported in the
Fresent study when data from all groups were considered
individually or comkined., The relationships noted when data from
Phases 2 and 3 were combined clearly supported the second and
fifth specific hypotheses, ie., correlaticns between ratings of
hockey ability and anacrobic measures and between hockey ratimngs
and perceptual-motor akility, repectively.

Since the specific hypotheses were formuiatéd to provide.
operational definitions, this lack‘of total consistency was not
interrreted as critical. The present study was not a specific
replication of the Deshaies et al, (1378) stuéy despite the
guidance received from the methodologqgy and findings reported by

+he latter authors.
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D the Employed Measures

Measure cf anaerckic sjstems

The rresent study employed the Wingate Anaerotic Test
(1877) . As discussed akcve, *he test designers prorosed, albeit
cautiously, that indices of both anaerobic power and anaerotic
capacity could have been derived from a single administraticn of
the test, The rresent rarer did not attempt to add to the data
on reliability or validity that were presented by the test
designers (Bar-0r, 1978); hence, the terms, "anaerobic pcwer"
and "anaerobic capacity", were used in the presenﬁ paper merely
as descrirtors cf the test indices and were not intended to
support claims of validity for these terms.

Data available from ‘he presen* study seemed to indicated
the utility of the Wingate test., Either or bcth of the test
indices, FOWER and CAP, appeared in the reqgression egquations
using Phase 2 (see Table 11, p. 177) or Fhase 3 (see Table 13 p,
183) data., CAP could have been eliminated from the former
equation as i%t was a s*atistically non—siqnificanf contributer‘
(t=-1.76,r=0,83); PCWER had to be dropped from the list cf
independent variables in Phase 3 before the regression aralysis
program would run., These findings might have guqqested a
relationship between the two indices which was evident when the
correlation matrices were éxamined (see Tables 3a to 3e (pp; 145
tc- 153) and Tables 4a and 4b (p. 155 & 157) ., Correlations were

high when data across all phases (r=0,82,p<.01) or across Phases
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2 and 3 (r=0.81,p<.01) were considered. Correlations between
POWER and CAP varied from 0.64 to €.S5 (p<.01 in all cases) when
individual group data were considered. Other reports on the
relationships between these indices were not available, However,
Katch and Weltman (1379) noted a correlation of only 0,30 (N=f6;
p>.(5) between thelr measure of "peak anaerobic power" ard
"anaerobic capacity" (highest six seccnd output and total output
frcn a two minute all-out ergometer test). Thus, some question
of the independence of PCWER and CAP in present data was
aprarent,

Data frcm the present paper ccmpared favourably witl those
in the *est descrip*ion (¥Wingate Anaerobic Test, 1577). For 10
to 12 year old rales (N's not available), the literature
reported Manaercbic capacity" scores of approximately 38.0 + 5.0
kpm/min per kg, compared to Group 4 and 5 values of 38.5 + 7.7
and 36,3 *+ 5,3, respectively, in the present study, (Fiqures on
"anaerobic pcwer" were not provided by the test desiqners,)

Experience in the present study confirﬁed fhe
attractiveness of the Wingate test as ar instrument for use
on-site. As explained above, a subject could have completed the
test protocol (warm-up, rest, test) in ten t6 12 minutes; the
rest period was also utilized for the completion of
paper—-and-pencil measureé. Subjects were cooperative and éheir
willingness +to take part seemed to reflect, to some extent, the

krevity of the test. One difficulty of note ccncerned the
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precision in setting the resistance on the ergometer., The
setting tended to waiver during the 30 second test duration,
protably due to the effect of heat (resistance) on the belt.

Care had to be takern tc maintain +he appropriate setting.

Sgecific ckills

The present study employed the forward skating speed
measure prcrcsed by Merrifield ard Walford (13969}, Although, as
dizcussed above, skating speed was statistically significantly
ccrielated with hockey akility ratings when Phase 2 and : data
Wwere combined, the correlations were statistically significant
in only two groups considered individuvally ard quite low in the
others., Wtether this finding reflected systematic differences
between the groups in the relation between skating speed and
hockey ability ratings or reflected random sampling effects was
a mcot point. The failure of skating speed %o appear as a
variable in the regression equations of either Phases 2 c¢cr 3
irrlied the relative unimportance of skating épeéd as a
predictor of hockey playing abilit&, at least in terms of the
samrles employed in the present study or when used irn
ccmnkination with the variables employed in thé present
investigaticr,

One possible source df influence on the present findinés
was the relatively small ice surface on which each of the phases

was tested. Thus, instead of +*he 120 feet course skated Ly
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suljects in other studies (Deshaies et al., 1978; Merrifield and
Walford, 1969), subjects in the present study skated only akout
105 feet (Fhase 1) or 102 feet (Phases 2 and 3), It might well
have been that the addition of ancther 15 feet or so would have
served to further differentiate players cn the basis of skatinq‘
skill,

Inter-trial correlations for all available data were as
fcllows: Grcup 1 - r=0,62, N=20; Group 2 - r=0,90, N=23; Group 3
- r=0.,35, N=22; Group 4 - r=0,81, N=28; Group 5 - r=0.,91, N=31;
all phases - r=0.35, N=124, Thus, except for Group 1,
reliabilities hbetween trials were higher than the test-retest
correlaticn (r=0.74) reported by the test's desiqners
(Merrifield and Walford, 1969).

The skating speed measure appeared to separate effectively
players at various levels; Phase 1 players were statistically
significantly faster than all others and Phase 2 players were
faster than those in Phase 3 (see Table 2b, p. 142). Obviously,
motivation was a factor in a test of this natﬁre;~Subjects in
the present study generally appearéd t0 ke well=-mctivated; the
presence of their peers and instructors might have helped to
assure motivated subjects, (However, the :elaéively iow (r=0.62)
inter-trial correlatioﬁ noted in Phase 1 might have reflected,
to some extent, less motiﬁation among these players than iﬂ
cther phases, i.e,, the practice atmosphere was relaxed and

performance on the measure was not critical to their hockey
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cCare€ers,).

The forward skating speéd test proved tc be simple to
administer, esrecially if assistants were briefed in advance., In
all phases, groups of up to 30 players were *es+*ed (two *rials
each) in less than 15 minutes per qroup;

Hence, although the test proved to be an easily
administered on-site measure of skill, +he presen: findirgs
imrlied that skating sreed was no* a predictor of hockey
ability, at least when combined with the measures employed in
the present raper, The importance of distance in administering
this measure remained o be determined by future research, As
mentioned earliier, the relative influences on the findings of
factors such as the raters' knowledge of their playvers' skills
and the raters' consideration of skating speed in +heir ratings
were unknown, It may be, as Merrifield and Walford (1969)
suggested, that a more complex skill, such as stickhandling,
would have better differentiated players according to overall

hockey ability,

Psychological variables

The aggression measure (AGGR) of Scarameila and Browun
(1578) was statistically significantly ccrrelated with hcckey
ability ratings (r=0.239, b<.01) when data from all phases were
ccmiined (see Table 4a, p. 155); however, it was noz

statistically significantly correlated with hockey abili+ty when
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groups were considered individually (see Tables 3a to 3e, pp.
145 to153). Aggression was nbt a strong coantributor to ttre
factors noted in Tables 5a and 5b. Although not a statistically
significant memker of the "best" subset of predictors in Phase 3
(see Table 13, p, 183), aggression was a statistically
sigrificant variable in both %fhe "best" subset (t=-3.59, p=.001)
and subset B (t==-3,75,p=,001) in Phase 2 (see Tables 3 and 11,
p. 175 & 177).

Althougk the aggression measure contiributed to the
reqgression equation in Phase 2, some guesticns seened
appropriate abcut findings related to this variable, The
necessity of changing the measure from ccaches' ratirngs in Phase
1 ¢ self-ratings in Phases 2 and 3 had unknown effects on
ccmparisons acrcss all rhases, However, as Table 2b (p, 142)
indicated, means from c¢cnly Groups 1 and 3 were statisticailv
sigrificantly different (t=2.81, p<.01), The Group | mean was
the lowest of all five groups, a finding that appeared scmewhat
inconsistent with Grour 1's reputation as an:"aqdressive" team.
Speculaticn might have suggested that self-ratings in Phases 2
and 3 were somewhat inflated and less obijective than the coach's
ratings employed ir Phase 1.

Additional concern for the aggressiocn measure arose from an
examinaticn ¢f the correlétion matrices (see Tables 3a tc¢ 3e, ha
and 4b) and the results cf factor analysis (see Tables 5a and

5b, pp, 1583 & 161), There seemed to be little evidence of a
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relationship between "aggression" ratings and scores on the
"aggqression" subscale of the‘Sports Scale (SS1). In fact, tlLe
only statistically significant correlaticn noted was in Group 1
but in the negative direction (r==-0.56,p<.05). This finding was
comrlicated ty the need for further validation of the SS1
subscale. Thus, although showing scme promise as a predictor,
the aggressicr measure awaited further study.

Although the Hockey Attitude Scale (HAS) appeared as a
significant contributor to subset B in Phase 2 (t=-2.49,fp<.05),
it was a statistically non-significant variable in the Phase 2
"best" subset (t==2,02,r>.05) and did not appear at all in the
"best" subset in Phase 3. Scores on HAS were statistically
significantly ccrrelated with hockey ability ratings in Groups 5
(r=0.37,p<.05) tut correlations were low and statistically
non-significant when data in other groups, both singly and
conkined, were considered. Relationships with other variables
were noted. Although HAS and SS5 (cooperation subscale of Srorts
Scale) were statistically significantly correiatéd when data
frcm all phases were conmkined (r=0;29, p<.01) and wﬁen Phase 2
and 3 data were combined (r=0.30, p<.01) neither this finding
ncr other trends were cbeerved in individual éroup data., In
short, its appearance in the Phase 2 selected subset of
predictors offered some piomise but, in general, support was
weak for this measure, Revision of the measure might have

resulted ir its being an improved representative of an
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"environment specific" inventory (see Rushall and Fox, 1980).
When data aross all phaées were combined, the correlation
between 551 (the "aggression" subscale of the Sports Scale) and
hockey ratings was statistically significant (r=-9.30, p<.01). &
sigilar result (r=-0.23, p<.05) was found when Phase 2 and 3
data were combined. Conside;ing data from individual groups, a
statistically significant correlation was found in Group 2
Letvween SS3 (the "competence" subscale of the Sports Scale) and
hockey ability (r==-0,45, p<,05). Both SS1 and SS2 ("conflict"®
sukscale) appeared in the "best" subsets cf predictors in Phase
2 ard Phase 3 regression analyses. SS5 (M"cooperation") was also
a statistically significant predictor in Phase 2 (t=3.31,
p<.01); SS3 was included in the Phase 2 regression equation bu+=
had a statistically non-significant t-statistic (t=1.91, p>.05).
The Srorts Scale appeared to offer rromise as a predictor
of hockey ability. It alsoc seemed sensitive tc group differences
(see Table 2b). The intercorrelations shown in Tables 2a and 2b
{pp., 141 & 142) among *he scale's subtests apbeafed o suppcrf
Butt's (1979) model of sports motivation {see Butt, 1979, p.
27) » Significant correlations between Sports Scale subtests and
Jr.EPI or POMS subtests were noted but consiséent trends within
and across grours were not apparent, A comparison of the total
means of the present data (N=115) with those zeported by Butt
{1579) for 67 males (a mix*ure of university students and seven

tc 16 year old competitive swimmers) showed the present sample
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with relatively higlter scores on 551, SS3, SS4 and SS5

. (aggression, corpetence, competition and cooperation) and lower
sccres on the 5S2 (conflict) subscale, The Sports Scale was
simple +o administer and appeared worthy of inclusion in fuziure
studies involving the rrediction of hockey ability.

Additional psychological measures administered to only
Phases 2 and 3 included the Junior Eysenck Personality Inventory
(Jr.EPI) and the Profile ¢f Mood States (POMS). Althougqh the
extroversion subscale c¢f the Jr.EPI was statistically
significantly related %o hockey ability (r=0.23, p<,05) when
Phase 2 and 3 data were ccmbined, there was no other evidence *o
stprort its utility as a predictor of hockey ability. However,
an examination of Table 5t (p. 161) indicated that the ttiree
suktscales of the Jr.EPI lcaded on factors in which othezr
variables were dominant, As Table 4b (p. 157) confirmed,
intercorrelaticns with other variables employed in the presen*
study undoubtedly minimized the contribution made by the Jr.EPI,
Ccmparisons tetween present data and the Jr;EPI'standardization
figures (see Eysenck, 1363) showed Phase 2 subjects scoring
higher on all three subtests than norms for boys of the same
age, In Phase 3, the Group 4 mean on the ext;oversion sultscale
was similar to the norms whereas Groups 5's mean was relatively
low; both grcups, but esﬁecially Group 5, had means above\the
standardization values on the neuroticisim scale, and; bcth

groups were lower than "normal" values on the lie subscale, (The
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qenerally low values on the lie scale auqured well for the
validity cf the gpresent subjécts' responses on the
paper—-and-rencil measures,)

As Tables 4b ard Sb indicated, many of the PCMS subscales
appeared to ke highly ccrrelated; these findings tended +o
disagree wiik those of the test desiqgners (McNair et al., 1971)
that the subscales represented six factors. Despite the failure
of any POMS subscale tc correlate with hockey ability in paired
correlations, the "tension" (PCMST) and "fatigue" (POMSF)
subscales were both statistically siqnificant (POMST
t==2.02,-2.07; p<.05; POMSF t=4,34,4,26; p<,01) predictors in
the Phase 2 rreferred subsets ("bes:t" and subset B). Although
beth these subscales appeared in subset A of Phase 3 predictors,
neither was a member of the "best" Phase 3 subset, The emergence
cf FOMST as a predictor was interesting since Nagle et al.,

(1575) found this subscale was a strong prediction of success irn
wrestling.

Significart correlations between POMS subscéles and other
variables were noted but no trends were apparent within and
across groups. The test designers (HMcNair et al., 1971) did nct
prcvide appropriate data for comparisons with‘subiects at the
ages found in *the present study. (However, comparisons of tgtal
means (see Table 2a, E. 1&1) with a sample of colleqge men
(N=340) shovwed the Phase 2 and 3 combined means to be loker on

the tension, derression, fatique and confusion subscales, higher
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on the vigcr subscaie, and similar to the college sample on +he
anxiety subscale,)

The use of the POMS might have been more effective in
comtination with other variables bu* ithe POMS showed some
promise in the present study. Concern was noted, however, when
the irstrument was employed‘with Phase 3 subjects in the present
study. Although McNair et al. (1971) claimed that "a 7th grade
education" (r. &%) was sufficient o understand +he POMS, the
instrument was tasically for use with adults, Many subjects in
Phase 3 did not know the meaning of terms employed in the PCMS,
Interpretation was given without direction but the impact of
lanquage difficulty on *the test respondeht was unknown, In the
present study, the POMS was administered during small grcup
sessions sc that more fpersonal assistance with vocabulary was
available. Nonetheless, virtually all sulbjects appeared to
cconrlete the scale honestly, Future use with younger (than 15
year old) subjects might have included careful consideration of
expected reading levels. In addition, future ieséarch might haﬁe

addressed the need for all six subscales.

Perceptual=-mctcr ability

The reponse speed measure employed in +the present study
included the ccmponents of decision or reactiorn time (DT),
movement time (MT) and *otal response time (TRT). When

individual groups were considered, a statistically significant
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correlation ketween DT and hockey ability (r=-0.46,p<.05) was
noted fcr only Group 4. When'data fromr all phases were ccmbined
or when Phase 2 and 3 data were combined, the DT versus FATINS
relationshifps were statistically significart (all fghases,
r==0,21, p<.05; Phases 2 an 3, r==-C,43, p<.01) in both
instances. TRT was also statistically significantly related to
hockey abili*y (r=-0.34, p<.01) when Phase 2 and 3 data were
considered.

The results of the reqression analysis revealed MT as a
statistically siqnificant member of the "besi*" subset (:t=-2.,42,
p<.€5) and subset B (t=-2,88, p<.01) in Fhase 2. MT was not a
menker of the "Lest" subset in Phase 3 data Fut did emerge in
the other subsets noted in Table 14 (p. 184) (subset &, t=2,45,
p<»(5)., The appearance of MT, rather than DT, in the regression
equations was less surprising when Tables 5a and 5b (pp, 159 &
161) were examined, DT tended *o load highly on factors
containing several cther strong contributors, including cther
correlates {weight) of hockey abilizy, whe:eaé MT Was the
dcrinant variable in another factoi. Thus, MT appeared tc add
more as an independent factor when combined with other variatles
to produce the cbserved regression equations éhan did DT,

Hence, in general, the present findings seemed %o support
other results (Deshaies eﬁ al., 1978; MacGillivary, 1965) wﬁich
suqggested that perceptual-motor variables were related tc hockey

akility, As mentioned earlier, although MacGillivary (13€5)
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termed his predictor, "movement time™, it actually involved a
substantial ékill compcnent.'Perhaps a simpler task, such as the
one employed in the present study, would have served as well.

Althouqh inconclusive, the present results seemed <o
dispute the positior that there was an "essentially zero"
(Benry, 1961) relationship between movement time and decisicrn
time. When data from all phases were combined, a statistically
significant correlation (r=0.21, p<.05) was found tetween DI and
MTI. Such was not the case, however, when Phase 2 and 3 ccmbined
data were examined, Considering individual group data,
statistically significant correlations between DT and MT were
noted in Group 2 (r=0.48, p<.05 and in Group 4 (r=0.49, p<.01)
but no* in the cther groups,

The present data appeared to support only partially the
finding of Fulton and Hukbard (1975) that reaction and movement
times decreased from ages nine to 17. As Table 2b (p. 142)
indicated, the youngest boys (Group 5) were statistically
sigrificantly slower than all the other qroupé, éven Group 4,
with respect to DT (t's from 2.8 to 8.3, all p's<,01); however,
no trends were apparent in movement time scores, (A concern with
ccmraring Fhase 1 data with thcse of the othef groups was that
only five test trials were used in Phase 1 as opposed to 20
trials in Phases 2 and 3. As reported by Haywood and Teerle
{1876), a minimum of eight trials "will yield a score

Irepresentative cf performance over 35 trials" (p. 856). Eowever,
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the la*ter authors d4id allow that the first two of +he eigh+
trials served as practice trials. Therefore, although Phase 1
sukjects fell crly siightly short of this fiqure with twc
practice and five test *rials, there scores might be sSustect
because of the relatively fevw trials,)

In practice, the response speed measure employed in the
present study arpeared to be relatively easy to administer and
enjcyed by the subjects., Subjects seemed to bhe well-moiivated
and some rerceived the measure as a contest of quickness. The
portability of the apparatus contributed to +he attractiveness
of the measure, In short, the response sreed measure offered
promise as a fpredictor cf hockey abilty, The emerqgence of either
movement time or decision time as prediciors migh+t have been

determined, however, by *he complex of other measures emrloved.

Ratinc scale

As discussed earlier, the employment of a different
critericn measure in Phase 1 as opposed to the otﬁer phases
brought into question comparisons 5cross all phases, The shift
to *the simpler criterion measure used in Phases 2 and 3 was
ttought necessary to ensure the ccoperation of‘busy instructors
in these testing situations, The simpler measure appeared to
cffer no prcblems for the rater whereas the Phase 1 measure,

proposed ty Deshaies et al, (1378), was considerably more

time-consuming and included ca%tegories ( "penetration in
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offensive zone") whichk migh+t have been unclear +*o the rater.
Inter-rater reliabilities tended to be higher in Phases 2 and 3
than in Phase 1 (see Table 6a, p. 167) but future investigations
were needed to determine the relative reliakilities of the %wo
critericn measures, The low inter~-rater reliability in Gzoup 3
{(r=0.39) undouktedly reflected the failure of the head coach to
cornrlete the criterion measure, Thus, the reliability fiqure
zreported had to be based on available pairs of ratings {(N=14)
given by raters who were not all as familiar with the teanm as
the head ccach was,

Another difference regarding the criterion measure
concerned the time of its use relative to the completion of the
other measures. In Phase 1, the critericn measure was
distributed some months afier *he other measures so that raters
would have become familiar with the players. This design was
that used by Deshaies et al. (1978) and was aimed at assessing
the predictive validity of *he measures on which the plavyers
were *ested. Since plavers in Phase 2 and 3 wére'toqethez fc:‘
cnly a week, the critericn measure was completed near the end of
the week (concurrent validity)., Thus, the judgments made after
months of wcrking with piayers migkt have beeﬁ consideratkly
different than those made after a few days, regardless of
differences in the criterion measures., Measures might also have

been different when given in a team setting where winning was

undoubtedly important (Fhase 1) than in learning or temporary
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settings (Phases 2 and 3).

Blthocugh Phase 2 mean ratings were higher than those in
Phase 3, only the differences between the mean c¢f Group 5 and
the means c¢f Gzcups 2, 3 and 4 were statistically significant
(t's from 3.1 to 4,0, p's <.01), Thus, ratings appeared %o be
relative rather than given in comparison to some absolute
standard. (In searching for a standard of compariscn on the
peer-rating scale, cne 13 vear old said, "We'd all be zero's if
we compared ourselves *c Guy LaFleur",) The researchers did not
direct raters as to the standards they wWere to employ.

The simpler criterion measure was also amenable to tse a
peer-rating scale with subjects. Table €L presented the
ccrrelaticns between insiructors'! ratings and those of the
players., It was particularly interesting to note correlations of
0,52 and 0.90 with regard to Groups 4 and 5, respectively, These
figures imrlied that plavers' zatings of hockey akility, even
frcr boys as young as 10 +to 13 years, were consistent with those
of their instructors. This was not %o deny inﬁer-iater
variability but to state that meanhratinqs produced such
censisterncy when samples ¢f the present sizes were used.

The assessment of the rating scales used in the precent
study would have been less difficult without the problems
discussed above, BRlihough ihe cimpler criterion measure ceemed
promisinq as a relatively quick means of obtaining hockey

ability ratings, further study was needed to evaluate the
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measure's reliakility.

Other variables

Descriptive measures, such as age, experience, weight,
height and fcrearm girth, did nct appear consistently as
statistically significant cqrrelates of hockey ability when
individual group data were considered nor when data were
ccmkined acrcss all phases, When Phase 2 and 3 data were
combined, however, statistically siqgnificant correla*ions were
noted between hockey atkility and each of age ( r=0.41, p<.01),
exrerience (r=0,41, p<.01), weight (r= 0.36, p<.01), height
(r=C.36, p<.01) and forearm girth ( r=0.34, p<.,01), Experience,
weight and fcrearm girth were all s+tatistically significant (t's
frer 2.10 to 5,.83; p's <.05) variables in subset B of Phase 2
predictors, whereas age and experience were statistically
significant (t=2,43, 2,18; p<.05) contributors to the "best"
subset in Phase 3.

It appeared, then, that size (weight) and poﬁer or relatiﬁe
muscularity (as represented by foréarm girth) were more
important predictors of hockey ability in Phase 2, when elite
players frcm a small age range were tested, aﬁd age was
relatively mcre important in Phase 3 when younger players with
diverse skill levels and léss homogeneity of age wuere \
represented., The effects of age in older players who were less

select was a topic of study for subsequent investigations,
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Utility of the Batteries c¢f Predict

O

s

Prediction of hockey ability ratings showed most promise
in Fhase 2. Cf the subseis or katteries ¢f predictors shcwed in
Table 10, svulset B was chosen for iliustration, This battery waé
composed of 14 variables which were derived from nine measures,
all of which cculd have been administered off-ice., The
paper—-and-pencil measures, including the Hockey Attitude Scale,
the sports Scale, the FOMS, and the experience measure, could
have been administered ir a group setting in 10 to 15 minutes,
assuming a reading level similar +0 the Phase 2 sukjects tested
in the rresent study. This estimation included all POMS and
Spcrts Scale subscales; time would Le reduced, of course, by
using selected FOMS sukscales bu* this would have necessita*ed
some alterations to the copyrighted version (McNair et al.,
1571) . If the aggressicn scale was to be self-reported, it could
have fkeen added to the akove combination cf measures with little
affect on adrinistration time. |

The remaining measures were tb be administered
individually, although small groups could have been utilized as
in the present study. As discussed in Chapter‘3, +he Wingate
Anaerobic Test (1977) required about 12 minutes per subiject;
both indices (PCWER and CAP) were derived from the same test,
The response speed measure couid be compieted in about five

mincttes by each subject. Both the Wingate Test and the response
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speed test required equirment which was portable., A relatively
private testing site was preferred so that equipment, especially
bicycle erqomeiers, could have remained in one place thrcughout
the testing period,

To save time, the paper—-and-pencil measures cculd have been
ccmrleted while small groups of subjects awaited testing on the‘
Wingate test or response speed measure., Fcrearm gizth and weight
cculd be obtairned during small group settings, Thus, if all
measures were administered in *wo sessions which centered around
the completion ¢f either the Wingate tes%t or response speed
measure, the 14 varialle kattery of tests ( Subset B) could be
ccnrleted in twc 15 minute sessions per subject, Times cculd
have varied, of course, depending on availabili+yvy of equipmen+
and assistance.

Scoring of the parer~and=-pencil measures was
straightforward; a scoring key was available for *+he POMS. EOWER
and CAP were determined by following instructions given Lty the
test designers (Wingate Anaerobic Test, 1977); |

In short, the fkattery discussed (subset B, Phase 2)
cfferred a manageable frctocol for estimating hockey ability.
Further study was needed to determine the reliability of the
measures employed in the present study and the generalizabili<y
of the present findings te other sawmples, However, if the
batteries fourd in the present study were %o have gained surport

from additional investigations, another method for estimating
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hockey ability could have been forwarded, Thus, where selection
of rlayers could not be based on subjective ratings or where

such ra*ings might have Lkeen augmented by other evidence, such a

tattery of tests would have been valuable. In addition, specific
items in the battery (POWER) might have been amenable to change,
Thus, trairning could have attenpted to maximize sScores or

variables that had consistently emerged as predictors of hockey

ability.
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vi. Summhary and Conclusions

The rresent study investigated batteries of measures as
predictcrs of ice hockey ability, The measures employved were
diverse but focused on fcur major domains: anaerobic systenms,
srecific skills, psychological variables and perceptual=-motor
ability. The criterion measure, hockey ability, was determined
by the ratings cf coaches c¢r instructors.

The subjects tested comprised three categories of male
hockey players, differentiated by age and level of play. The
study was described as three phases to accommodate the three
categories of players, i.e., Phase 1 (Juniors,'N=2u), Phase 2
(Midgets, N=U48) and Phase 3 (nine to 13 year olds attending
sumrer hockey school, N=60), Measures from which 17 variabies
were derived were administered to Phase 1 subjects; an
additional 12 variables were included in Phases 2 and 3, All
measures were administered on-site; only one measure was
administered on the ice.

The data were analyzed to provide univariate statistics and
correlation matrices for all phases combined, for Phase Z and 3
comkined, for each phase and for each group within a phase
(there were two groups in each of Phases 2 and 3). Regression
analysis, using program BMDPI9R (Dixon, 1577), was conducted on

data in individual and combined phases tc examine any overall or
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specific trends. This rrogram provided the "best" and other
subsets of predictors so thaf various sulksets or batteries of
tests could have been selected based on ciher considerations
(exrense, time required) besides their predictive power,

Significant batteries of predictors were found in Phases 2
and 3. The selected subset in Phase 2 had a multirple correlation
of 0.51 (R*=0,83) with ratings of hockey playing abili+y
(Fl4ﬂ9 =3.,45,p<.001), The "best" subset in Phase 3 had a
mul+iple ccrrelation of 0.68 (Rl=0.46) with hockey ability
ratings (F5,5o=8.38,p<.001) .

Discussions ofithe findings included a concern for sample
specificity, the relaticn.of the findinés t0 the stated
hypotheses, the performance of individual measures and the
utility of a ba*ttery of tests on-site., Further research wuas
needed to determine the validity of *he present findings in
other samplés. Some of the measures employed showed promise as
predictors c¢f hcckey atkility in “he baitteries which emerged and
others did not. The utility of a selected Phaée 2 battery was‘
discussed in terms of the tinme reqhired for its administration
on~-site., It was proposed that scores on the 14 variables in this
Lattery could rave been cbtained in two 15 miﬁute test sessions
per subject., Such a battery could hLave been employed to augmen=
ctker informaticn, such aé observers! opinions, in selectind
players for teams or by itself when no cther information was

available, If particular items in a battery were amenable tc
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change, training might have focused on improving scores cn +those
variables.

Recommendations included +he need for cross-validation of
the present findings using similarly selected samples, Further
investigations could have systematically varied age and
selection procedures to examine the gene:alizability of any
prcrising batteries, Measures could have been systematically
added or deleted frcm the present selection to optimize

rrediction.,
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U.B.C. HOCKEY SCHOOL STUDY

. 4148 Ripple Road,
West Vancouver, B.C.,
June 16, 1980.

Dear Parent,

Your child will be attending the U.B.C. Hockey School this summer
in Vancouver, B.C. My long-time interest in hockey has resulted in my
studying performance in hockey as the subject for my M.Sc. thesis at
Simon Fraser University. I have approached the people running the U.B.C.
Hockey School in connection with my study. 1 believe that it is important
that we study hockey more thoroughly in order that we understand and,
therefore, improve the quality of the game .in North America.

I would like to test some of the students who will be attending the
U.B.C. Hockey School to try to determine which tests best predict perform-
ance on the ice. The tests are as simple and brief as I could make them.
They include tests of attitudes, feelings, reaction time, skating speed
and fitness. All the tests have been administered before and will be
given this summer under my supervision. Although I believe the students
will enjoy taking the tests, they are free to stop participating at any
time if for any reason they don't want to continue.

The Hockey School has agreed, in principle, to my study. I will
not interfere with any of the activities planned for your child: all
my tests will be conducted in "free" time (e.g., between the morning
practice and lunch) and will not require very much time for any child
during any day. Individual test results will be confidential and only
seen by the researchers; I would be happy to discuss the tests or the
test results with you or your child. I plan to send a summary of my
findings to all participants.

Your permission to involve your child in my study would be most
appreciated. You may indicate your permission by signing the attached
consent form and by sending the form with your child to the Hockey
School. You may call me at 731-1131 (ext.281) or 926-9668 if you wish
to discuss this further,

Thank you for your cooperation .

Sincerely,

Robert Stevens,
Graduate Student,
Kinesiology Dept.,
Simon Fraser University.
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PARENTAL CONSENT FORM - U.B.C. HOCKEY SCHOOL

I understand that Robert Stevens, a graduate student in Kinesiology
at Simon Fraser University, will be conducting some tests as part of
his study at the U.B.C. Hockey School this summer. This is to grant
permission for my child, , to take

part in this study, with the understanding that he can stop his
participation at any time.

Signed:

(Parent/Guardian)

Date:
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STUDENT CONSENT FORM - U.B.C. HOCKEY SCHOOL

Mr. Bob Stevens has told me about his study on hockey and about
the tests that he wants to use. [ understand about the tests and would
like to take part in the study. 1 also understand that I may stop
taking part in the tests at any time.

Signed:

Date:
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504 East 15 th. Street,
North Vancouver, B.C.,

February 19, 1980.

Dear

I am doing a study on hockey as my thesis project at Simon Fraser
University here in Vancouver and would greatly appréciate your help. My
project involves two things: (1) conducting a number of tests on a hockey
team, and (2) having coaches rate these players later in the season on
skills like skating, passing, and defensive skills. T have done the first
part of the project as the New Westminéter Bruins were kind énough to let
me test their players at the beginning of the season. Now I am approaching
coaches like yourself who have seen the Bruins play a number of times this
season and asking whether you can help me out.

Basically, here's what it will involve if you can spare the time to
help me. I will give youba list of players that I tested at the beginning
of the year and ask you to fill out both of the attached sheets for each
player. The list will include oﬁly'about 14 players as the Bruins' roster
has changed quite a bit since the start of the year.> T would still 1like
ratings on former Bruins who are now playing for other WHL teams but were
with New Westminster when I did my testing.

If you can help me with my project, please drop the enclosed card in
the mail or call me collect at (604) 980-2986. I'11l then send you enough
forms and explain the categories on the attached sheets in more detail, if
" necessary. Perhaps, if you wish, you could call me the next time you're in:
town and we could get together then. I do appreciate any assistance you can
give me as the coaches' ratings are crucial to my study. My aim is to be
able to predict ﬁore accurately those players who are likely to be the best
performers at some -time in the future.

Thanks for your time - hope to hear from you soon.

Sincerely,
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Student's Name:

STUDENT HOCKEY FORM - U.B.C. HOCKEY SCHOOL

Please answer these questions about your background in hockey.

W N -

(3]
.

How old.are you ? years
How long have you been p]aying‘hockéy? years
How long have you been playing in an organized league? years

About how many times did you p1ay last year? (Put a check mark { [Ea/ in
one of the boxes below.)

[] 1 played about 0 to 5 times last year.-
[] I played about 6 to 10 times last year.
{71 played about 11 to 20 times last year.
[J 1 played about 21 to 30 times last year.

[:] I played over 30 times last year.

About how many times did you practice last year? (Put a check mark ([Eﬂﬁ
in one of the boxes below.)

D 1 practiced about 0 to 5 times last year.

E:] 1 practiced about 6 to 10 times last year.

[:] I practiced about 11 to 20 times last year.

[:] I practiced about 21 to 30 times last year.

[] I practiced over 30 times last year.
Give yourself a rating as a hockey player by using numbers from 0 to 20.
A low number means that you don't think you are very good yet whereas

a high number means that you think you are a good player. The higher
the number, the better the player.

Your rating of yourself

What position do you usually play in hockey?
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Student's Name:

STUDENT HOCKEY FORM - 'JUNIOR.OLYMPIC PROGRAM

Please answer these questions about your background in hockey.

—
.

o

When were you born? month - , day - , year -
How long have you been playing hockey? years
How long have you been playing in an organized league? years

About how many times did you play last year? (Put a check mark ( IZ/) in
one of the boxes below.)

D 1 played about 0 to 20times last year.

D 1 played about 21to 30 times last year.
0 1 played about 31 to 40 times last year.
[ ! played about 41 to 50 times last year,

[] 1 played over 50 times last year.

About how many times did you practice last year? (Put a check mark ([j)
in one of the boxes below.)

D I practiced about 0 to20 times last year.

711 practiced about 21 to 30 times last year.

[TJ 1 practiced about 31 to 40 t:'imes last year.

D! practiced about 41 to 50 ti’mes last year.

DI practiced over 50 times last year.
Give yourself a rating as a hockey player by using numbers from 0 to 20.
A low number means that you don't think you are very good yet whereas

a high number means that you think you are a good player. The higher
the number, the better the player.

Your rating of yourself

What position do you usually play in hockey?
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1. Sports Scales

Instructions: Answer all the questions below by checking *yes” or *no™. If the question
is not applicable to your sport answer “no’". If you feel the best answer is ‘“‘sometimes”
then check the “yes”. Do not miss any questions.

During the last month* while participating (training or competing) in:

_— C did you ever feel?
1. Listless or tired? yes no
2. Determined to come in first? ‘ ' yes no
3. Thrilled? . yes no.
4. Like helping someone else to improve? yes no
5. Full of energy? yes no
6. Moody for no real reason? yes no
7. Like winning is very important to you? yes no
8. Like part of, or very friendly towards, the group (partner,
team or club)? yes no
9. Impulsive? yes no
10. Irritated that someone did better than you? yes no
11. Happier than you have ever been? yés no
12. - Guilty for not doing better? yes no
13.  Powerful? yes no
14. Very nervous? yes no
15. Pleased because someone else did well? yes no
16. That you were performing your best yet? yes © no
17.  Like crying? yes ~ no
18. Like telling someone off? ) yes no
19. . More interested in your sport than in anything else? yes no
20. Annoyed because you didn’t win? yes no
21. Like doing something to help the team or group? yes ' no
22. That if aﬁyone got in your way, you could let them have it yes no
(push them, hit them)?
23. You had accomplished something (a skvill) new to you? yes no
24. Like others were getting more than they deserved (more than
their fair share of attention and reward)? yes no
25. Like congratulating someone because they had done well? yes no
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Name:

HOCKEY ATTITUDE SCALE

Please answer the items be]ow by putting a check ( [Z]/) in the box that
best expresses how often you feel that way.

n - o ot ma e o o T e B e v e = T e e M o e e W e e e e e AR e e = ma

1. When I think that I've played really well, I try not to let the coach
and the other players know how pleased I am with myself.

' D Always D Frequently D Sometimes l:] Never

2. 1 feel that just being selected to play on my team is a sufficient
honour to make playing hockey worthwhile for me.

] Always l:] Frequent]yA | DSometimes DNever
3. When I'm training or practicing, v:.I'may often seem grouchy.

D Always D Frequently DSometimes DNever
4. To be honest, I don'tv really like training or practicing hard.

D Always D Frequently E]Sometimes | DNever
5. I Tike to prepare for a game by being by myself.

l:] Always DFrequent]y DSometimes [:INever
6. I like to set a goa] or objective for myself before every game.

D Always DFrequent]y DSometimes - DNeve‘r
7. 1I'd rather practice or train with somebody else than by myself.

L—_‘ Always DFrequent]y DSometimes DNever

8. I try to get more information on all aspects of hockey (for example,
training, shooting, skating, mental preparation).

D Always DFrequent]y DSometimes DNever
9. Before a game, I feel I've gbne through the necessary preparation.
D Always D Frequently DSometimes DNever
iO. Nothing really bothers me when I'm preparing or warming up for a game.

l:l Always D Frequent]y233 DSometimes DNever



AGGRESSION SCALE - COACH'S RATINGS

Instructions: Give a rating from 1 to 5 for each player listed
below. For example, if a player is always able to respond
aggressively in an aggressive situation, then put a 5 beside
his name. If you feel that he is rarely able to respond
aggressively, put a 1 beside his name.

Rating ‘Déscription
5 ' When faced with an aggressive situation, this
g

4 ‘ When faced with an aggressive situation, this
player is almost always able to respond in an
aggressive manner without becoming intimidated.

3 When faced with an aggressive situation, this
player is usually able to respond in an aggressive
manner without becoming intimidated.

2 When faced with an aggressive situation, this
player is occasionally able to respond in an
aggressive manner without becoming intimidated.

1 When faced with an aggressive situation, this
player is rarely able to respond in an aggress1ve
manner without becoming 1nt1m1dated

Player ‘Rating Player Rating
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Student's Name:

STUDENT HOCKEY FORM - U.B.C. HOCKEY SCHOOL

Introduction: Most students come to the hockey school to have fun
and to Tearn more about playing hockey. Some of you have played
hockey for a few years while others are just starting. 1 suppose
everyone needs practice to get better. For this study, we would
Tike to get some idea as to how good a hockey player you are now.
It will be interesting to see how much you have improved in a year

-

or two.

We would Tike you to do two things on this form to help us compare
all the players we have tested: (1) tell us what you think of the

hockey ability of the other bcys who have been at camp this week,

and; (2) tell us how you like to play hockey.

(1) Give each player below a number from 0 to 20 to tell us how good
a player you think he is. A Tow number means that you don't
think that player is very good yet whereas a high number means
that you think he is a good player now. You can give more
than one player the same number rating or give everyone a
different number rating.

Player's Name Your Rating Player's Name Your Rating
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-2 -

(STUDENT HOCKEY FORM - cont'd)

{2) How often do you play hockey aggressively (hustling, fighting
hard for the puck, etc.)? {Check one of the boxes below.)

DI always play aggressively.

{31 almoest always play aggressively.
(J I usually play aggressively.
3 1 occasionally play aggressively.
1 rarely play aggressively.

How tall are you?
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Player's Name:

No.:

INDIVIDUAL SKILL EYALUATION CHART (Phase 1)

Instructions: Rate blayer on each skill listed, judging the technical
aspects and overall efficiency within the following four categories:
Excellent (3), Good (2), Average (1), Poor (0).

Skills

. Rating

Eicellent (3)

Good (2)

Average (1)

'Poor (O)

Skating:
Forward

Starts
Backward

Left
Stops

Right

Left

Turns
Right

Forward

Straight
Backward

Acceleration

Stickhandling:

Precision

Head position

Passes:

Precision

Speed

Shots:

Precision

Speed

Checking:
Body

Stick

Coach's signature:
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- TACTICAL SKILL EVALUATION CHART (Phase 1)

Player's Name: _ | No.:

Instructions: Rate player's ability to be in the position required du-
ring each of the game phases identified below. Your judgement should
reflect the extent to which the player conforms to the requirements of
the tactical system utilized. Place player in one of the following four
categories: Excellent (3), Good (2}, Average (1), Poor (0).

Game. phases | Rating

Excellent (3)] Good (2) Avérage (1) | Poor (0)

Offensive:

Out of the zone

Central zone

Penetration in
offensive zone

Attack within
offensive zone

Defensive:

Checking in
offensive zone

Backchecking

Blue line defense

Checking in
defensive zone

Coach's signature:
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Rater's Name:

RATINGS OF HOCKEY ABILITY (Phases 2 and 3)

Instructions: For each player listed below, please provide a rating of
overall hockey playing ability. You may consider such factors as skating,
stickhandling, passing, shooting, checking, and positional play in your
rating. Use a scale from 0 to 20, where 0 means "Very poor" and 20 means
"Very good" hockey playing ability.

Player's Name No. Rating
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Appendix C - Data Collecticon Forms
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DATA RECORDING FORM: Wingate Anaerobic Test

Ergometer No. of Revolutions at Power Output (Kpm/min/kg)
Subject - Weight | Setting(Kp) | 5 10 15 20 25 30 30 sec. 5 sec.
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DATA RECORDING FORM:

Skating Speed

Test

Subject

Time (sec.)

Trial 1 ‘Trial 2

Mean Time(sec.)
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DATA RECORDING FORM: Perceptual-motor task  (Individual times)

Subject's Name:

Decision Movement Total Response
Time Time . Time

Trial No. (.01 sec) (.01 sec) (.01 sec)
1

2

10
11
12
13
14
15
16
17
18
19

20

Mean Times
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