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ABSTRACT

The purpose of this study was to determine if any
significant change occurred in selected physioiogical and
performance test results of Top Competitive Team Handball
players over the course of a regular season. Further, it
was hoped that descriptive physiological and performance
data couvld be collected and used to describe Top Competi-
tive Team Handball plavers as a team and in accordance to
the positions played.

Data was collected and changes were measured on
the following variables: maximal oxygen uptake, anaerobic
capacity, per cent body fat, distance jump, vertical Jjump,
10m sprint time, 40m sprint time, shot velocity and weight.

Ten top competitive Team Handball plavers from
Alberta's.Provincial Senior Mens Team Handball Team, acted
as subjects for the study.

From this study it was concluded that a signifi-
cant difference occurred at the .05 level, between the be-
ginning and the end of season means for the aerobic power
variable. No significant difference at the .05 level was
found for any of the other variables.
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TITLE
Physiological and Performance ClLanges During a Season of

Team Handball

t

CHAPTER 1 | .

N .

STATEMENT OF PURPOSE

INTRODUCTION

Tremendous pxogress has been m?de ii. the sport of Team
Handball, both in its acceptance as an éxCiting interna-
tional spect;tor sport and in the overall quality and cal-
ibre of play shown by koaay's world class teams. This pro-
gress, it is assumed, will continue as a result of the
strength and interest‘ of the various organizations which
govern Handball nationally and internationally.

North America, although expefiencing rapié gM®wth in a
few regions, is not enjoying the same degree of érogfess
one finds ;g Europe. Oné of the primary reasons for this

lesser«progresé; it seems, is the lack of sufficient know-

ledge and understanding of the sport.

A



Scientific rewearch and related documentation which
can provide fundamental understanding of the various tech-
nical elements of the sport, is almost non-existent.

Without thié basic understanding, techn@cal develop-
ment in coachinc. and more specifically, individual and
team selection and preparation in Canada will continue to
lag appeciably behind the European standards. In Canada
the primary link in the Team Handball delivery system is
the Provincial Team Handball Association. Each year the
top Team Handball athletes in each province are brought to-
gether by provinéial coaches in preparation for the annual
Canadian Championship in May. -

Provincial Team preparations usuélly commence eight to
ten weeks prior to the May finals.

In 1977, the Canadian Team Handball Championship was

“held in .on. on, New Brunswick, and the most successful
-
team at “h. :e chémpionships was the .- hr~ta Senior Mens
Prdiincia, ~ 1, which came out of the competition without
a defeat. This same team, with a few additions, continued
its success by defeatipg the United States in the Western-
Hemisphere zone eliminations in October of 1977, winning
thé right for Canada to compete at the 1978 World Champion-
ships. It was decided that, due to the success of this
team, the éthletes which made up  this team could supply

valuable descriptive data in expanding the knowledge and



understanding of top competitivé Team Handball athletes in
Canada. This data could be accumulated to establish « net-
al standards for competitive athletes aspirinag to reach
higher level competition.

‘\According to personal observations and experience, the
basic-\physiological requirements ot the sport o. Team
Handball AFe: |
1) moderately high. aerobic power, and
2) high anaerobic capacity.

The basic ability r rjuirements of the sport of Team
Handball are: |
|
1) sprinting - the length of a standard court is

approximately 40m.

2) jumping - height and diStance, (depending on position
played).
3) throwing - shot velocity is an important component of

most attempts to score.
Basic physical requirementsAof theﬁsport of Team Hand-
ball may determine the position one is most suited to play.
These physical or dimensional entities can be chz ..
erized simply by:
1) height
2) weight

3) body composition, i.e. the per cent body fat.,



THE PURPOSE
It was the purpose of this study to:

1) Present descriptive data and determine changes in aero-
bic power as measured by a modified Mar:ud and Coutts
continuous treadmill test to determine maximal oxygen
uptake.

2) Present descriptive data and determine changes ih an-
aerobic capacity as measured by a one minute bicycle
ergometer test to determine anaerobic capacity.

3) Present descriptive data and determine changes in body
composition as measured by the hydrostatic weighing
method.

4) Present descriptive data and determine changes in per-
formance és measured by a series of specifically de-
signed performance tests, i.e.

a) 40 meter sprint, with timed values after 10
meters and 40 meters,

b) wvertical jump,

c) distance jump, and

d) shot velocity.

5) Present descriptive data and determine changes in
weight as measured by normal weighing procedures.

The presentation of data and determination of changes
was done for the period of time from the beginning of the

Team Handball season in November to its termination in May.



LIMITATIONS

1)

e daitly activities of the subijects were not o atrol-

led.

2) The study was limited by the extent to which each sub-
ject generated maximal effort for each test. It was
impossible to completely control thHe motivational
levels during testing sessions.

3) Temperature and humidity in the testing labs were not
controlled but assumed to be reasonably constant from
one test to the next.

4) Weekly traiqing sessions were not controlled since the
subjects were composed of players from four different
senior teams in Edmonton.

DELIMITATIONS

1) Only ten subjects, members of the Alberta Provincial
Team Handball squad were used.

2) The study was limited to 5 series of tests for each of
the physiological parameters and physical peformance
parameters outlined in the purpose.

e

HYPOTHESIS

There is no significant difference at the .05 level of

significance for the following,

1)

maximal oxygen uptake,



2) anaerobi. capacity,
3) per cent body fat,
4) distance jumping,

5) wvertical jump,

6) 10m sprint time,
7)  40m sprint time,
8) shot'velocity,

9) weight,
at the end of a competitive season of Team Handball when

compared to the beginning of the Season.

JUSTIFICATION

With the spread of Team Handball from continental
Europe, and its increased Popularity throughout the world,
Canada finds herself faced with internal and external pres-
Sures to compete on the competitive World Team Handbalil
Scene, Though a leaaer in North America, and perhaps the
Wester Hemisphere, Canada's performance leaves a great deal
to be desired when compared to the World Team Handball

powers,

This case study involving top competitive Team Hand-

performance evaluations can be drawn. The accumulation of

knowledge on specific subject matter can provide a tool for



quidance of not only functional changes in present and
future competitive Team Handball athletes, but also func-
tional changes leading towards a progressive development of

the game at the grass roots level.

DEFINITION OF TERMS

aerobic power: the ability of an individual to take up
and use oxygen per unit time during
physical work when breathing air.

anaerobic capacity: the ability of an individual to perform
at a high intensity of work and incur
the highest possible oxygen debt within
one minute.

MVO>: a measure of aerobic power. The maximum
amount of oxygen an individual is able
to take in and utilize during physical
work. (measured in ml. per kg. body
wt. per min.)

kilopond (kp): one kp is the force acting on the mass
of one kg at normal acceleration of
gravity.

kilopond metre (Kpm): a measure of work on the bicycle er-
gometer. This is a product of tension
setting on the ergometer, the distance

travelled by the ergometer wheel in one



wing-backs:

~centre-backs:

wing:

in normal

revolution , and the number of pedal
revolutions per minute.

the wing-back positions consist of a
left and a right back. When normal of-
fensive team formation is assumed, the
wing-backs are responsible mainly for
the outside and back area, usually
closer to the middle than the wing.
there 1is only a possibility of one
centre-back and this position is as-
sumed usually in the back area between
the left and the right back.

the wing position consists of a left
and a right wing. When normal offen-
sive team formation is assumed, the
left and the right wings are respon-
sible mainly for the forwardmost out-
side areas.

there can be either one or two pivots
depending on the offensive formation.”
The -~ivot is responsible for the area-
alonc +the 6m line.

are -2presented diagramatically below

onsit o s,




RW: right wing

RWB: right wingback

CB: centre back

LWB: left !
wingback

LW: left wing

P: pivot —

N

RWR

CR

LWB




CHAPTER 11

LITFRATURE REVIEW

THE USE OF MVO, AS A MEASURE O EROBIC POWER

Investigators for over sixty years have been interest-
ed in the determination of maximal oxygen uptake.
{Benedict,1913) As early as 1923, Hill and Lupton (1924)
in their classical work established that there exists an
interindividual variation in maximal oxygen uptake, which
is crucial ‘ r the ability to perform prolonged uscular
work. (Astrand, 1956;Bock, 1968;Herbst, 1928)

According to Hi11(1926), maximal oxygen intake 1is
reached when oxygen intake per unit time has attained 1its
maximum and remains constant owing to the limitation of the
circulatory and respiratory system. (Mitchell, 1958) Maksud
and Coutts, (1971) take this a little further and state
that the Max VO, is a reflection of the combined or syner-
gistic capacity of respiration, circulation and intermedi-
ary energy metabolism. When this maximum 1is reached, a

further increase in workload will not elicit any increase



in oxygen uptake. This "levellina otf" has been used as oa
criterici for the attainment of a maximal ~~lue. {Astrand,
1952;Taylor, 1955) Oxygen requirements, including the
maximal oxygen intake, necessitates additional enerqy to be
supplied by means of anaerobic metabolism involvinag the
contraction of an oxygen debt. (Dill, 1962)

Today there is a widespread acceptance and general
agreement that maximum oxygen uptake gives an accurate mea-
ser7e of the followina: 1) cardiorespiratory health, 2°
physical work capacity, 3) maximal aerobic power, and 4)
capacity to sustain prolonged heavy muscular work. (Rasch
1974;Astrand, 1970;Drake, 1968;Davies, 1969;Lorin- 195¢6;
Taylor, 1955;Badke, 1959 ;Astrand, 1979 ;Miyamura, '972;
Maksud, 1971;Anderson, 1966;Cumming, 1967;Mitchell, 58;

Saltin, 1964;Wilmc.e, 1969 ;Newton, 1963)

DIRECT TREADMILL VS OTHER METHODS

Many methods for assessing MVO; have been developed
and recorded in the literature. (Glassford, 1965) Essen-
tially, ' 2ver, three methods of producing standard work
loads have been mainly applied; running on a treadmill,
working on a bicycle, and using a step test.

According to Astrand(1970), any test of maximal oxygen
uptake should, at least meet the following general require-

ments:
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1)  The work must involve large muscle groups.

The work load must be measureable and reproduceable.

3) The test conditions must be such that the results are
comparable and repeatable.

4) The test must be tolerated by all healthy individuals.

5) The mechanical efficiency (skill) required to perform
the test should be as uniform as possible in the popu-
lation to be tested.

Glassford (1965) working with * - 'nty-four male sub-
jects, ages 17-23, used three direct maximal tests (of
which two wefe treadmill and one bicycle ergometer), and
one indirect test (a bicycle ergomefer test). It was found
that the two treadmill tests yielded significantly higher
(8%) mean values than did the direct bicycle tests.

Miyamura (1972) measured the MVO; in seventeen stu-
dents ages 18 - 23 during maximal treadmill and bicycle er-
gometer exercise. It was found that either with increment-
al or constant loading, the average values of oxygen intake
and cardiac output during treadmill exercise, were higher
than the bicycle ergometer exercise.

Hermansen and Saltin (1969) ran maximal tests on
fifty-five male subjects ages 19 - 68 years. They obtained
an avefage 7% higher oxygen uptake from the treadmill tests
than from the bicycle ergometer. Shephard (1968) repeated

testing of the twenty-four subjects and showed that the VO



max was greatest on the treadmill, 3.4% smaller in a step-
ping test and 6.6% smaller during work on a bicycle
ergometer. Tt was recommended that uphill treadmill run-
ning be used for laboratory measurements for (VOy) max.
McArdle (1973) compared Max VO; in fifteen male col-
lege students by using six discontinuous and continuous bi-
cycle ergometer and treadmill tests. He found that the
mean values for Max VO; on the bicycle tests averaged from
10.2% to 11.2% below (p .01) the three treadmill tests. It
has been demonstrated that the threshold of anaerobic het—
abolism is lower for work on the bicycle ergometer than on
a step or treadmill test. (Katch, 1969;Shephard, 1968)This
has been attributed to the particular recruitment of fast
and slow twitch fibres, or the relative amount of ..uscle
mass involved in the work performance. (Bailey,1975) There
is a greater amount of isometric work in bicycle exercise
and dgreater impairment of muscle blood flow with greater
stress on one muscle group (the quadriceps) and less time

for relaxation. (Kay, 1969 ;Newton, 1963)

COMPARISONS OF TREADMILL VARIATIONS

Research has been conducted to determine differences

in MVO; resulting from varying the treadmill exercise.



1)

2)

3)

Sl L U L S —
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Uphill Treadmill Running VS. Level Running with
Increasing Speed.
Taylor(lv.») found that using a constant speed (7mph),
and . increasing the grade in steps of 2.5% is
more satisfactory in elicitind\ivoz) max than using a
constant grade and increasing th Nspeed. It was also
shown by Taylor that this increase in oxygen consump-
tion, associated with an incre;se of 2.5% grade (below
the max) is approximately 300'cc/min. 1f, therefore,
the oxygen intake at two different grades differed by
less than 150 cc/min., or 2.1 cc/kg of body weight per
minute. Taylor concluded that a maximql.{ntake had been
attained. ‘ |
Treadmill Running . Treadmill Wa;king.‘
Stamford (1975) studied the (Vozo'méx‘éf-three differ-
ent groups of subjects while they pérformed maximal
treadmill tests walking‘at 3.5 and 4.5,m§ﬂ, and running
at 4.5,5.5,7.0 and 8.5 mph. He founi that VO; max
elicited during walking was independent of speed and
less than VO, max obtained during running. Best re-
sults were obtained when subjects ran at 7.0 mph.
Continﬁous VS. Discontinuous Treadmill Rdnning.
Accordihg to McArdle(1973), discontinuous treadmill
protocols for determinations of VO; max average 60 to

70 minutes. It is . ‘ten required to have more-thah one



;
testing session in order for a VO; max to be reached.
This encumbering time factor creates extremé hardship
not only for the spbjects but limits, to a great ex-
tent, diversified research by consuming a large percen-
tage of the time available for research of
this specific nature. In a discontinuous test where
more than one session is required, fitness may change
while the measurements are being made, causing addi-
tional problems. (Shephard, 1968)

Motivations arelanother extremely important variable,
particularily in ;esearch which requires maximal effort.
From observation it appears that in many cases, motivation
is inversely proportional to the time spent on a particular
performance. Problems such as these have prompted re-
searchers to develop new treadmill protocols which will
bring about desired max VO, in a much shorter period of
time and in one session.

Shephard (1968) studied twenty-four subjects on var-
ious modes of determining 'C: max including a discontinuous
and a continuous uphill treadmill protocol. He found that
after loadings were known from discontinuous.tests andf;up-
plied to the continuous tests, the result was a slightly

higher maximum oxygen uptake (average +2.7%) with the con-

tinuous test.

15
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McArdle (1973) in his study comparing fifteen male
college students by the use of six discontinuous and con-
tinuous bicycle ergometerfand treadmill tests found there
were no differences observed in max VO; between the contin-
USE% and discontinuous treadmill running tests. From the
slandpoint of administrative feasibility, McArdle recom-
mended that the continuous treadmill test for obtaining
direct measures of max VO, be used with large numbers of
healthy subjects. McArdle's (1973) protocol required the
subjects to run for two minutes at 7 mph at 0% grade, and
the treadmill was then elevated 2.5% for each successive
two minuges of the rgn until/ﬁhe subjects could no longer
continue. :

Maksud and Coutts (1978) tested twenty young adults
for the purpose of comparing a single session continuous
graded treadmill protocol with the multisession discontin-
uous graded treadmill procedure described by Taylor (1955)
and his co—wbrkers.> The treadmill protocols were admin-
istered in random order to all subjects and the total ex-
periment for each subject was completed within. a two-week
time span. Maksud and Coutts found no significant differ-
ences in méan VO, max between the two test procedures. It

was concluded that the continuous test permits reasonably

accurate measurements of max VOj in group studies.’




Upon consideration of the above articles and practical
knowledge of testing conditions it becomes obvious that
with the laboratory available and when dea.ing with sub-
jects who are in reasonably good conaition, a continuous
treadmill protocol is the most efficient prec -~dure to fol-
low. Technological advancement in the development of com-
puterized gas analysing eguipment, such as the .Beckman
Metabolic Cart, has certainly added to the efficiency and
subseguent popularity of continuous treadmill protocols
when an accurate VO; max is desired.

EXPRESSION OF VO, MAX IN TERMS OF LBM

A number of modifications have been suggested to more
accurately define VO3 max and its relation to physical fit-
ness. One of these modificatons has been the expression of
VO, max iﬁ t ns‘of lean body mass (LBM).

As a  icoult of improved densitome - research,
Buskirk and Taylor (1954), proposed this c. ‘ept as a re-
finement of the VO) max procedure. 1In 1956 Van T ‘beln sug-
gested that there was no difference in oxygen consumption
between men and women on the basis of VO, max expressed as
a function of LBM. Macnab (1969) provided some very strong
evidence contrary to Van Dobeln's conclusion. Macnab dem-
onstrated that men are superior to women in terms of both
oxygen consumption and werk capacity. Needless to say, a
great deal of confusion surrounds the application of this

concept with VO3 max.



Gitin (1974) attempted to clarify some of the confus-
ion with a study involving eighteen subjects of the Staff
Non-Commissioned Officers Academy, Camp Lejiune, N.C. The
subjects were tested for VO max, body compositicn, and a
number of physical fitness tests including a timed three-
mile run, timed bent-knee sit- , and pull-ups. The re-
sults of the tests indicated that the per cent fat correl-
ated negatively with the performance scores on the fitness
tests.

Gitin analysed the equation used to calculate maximal
0o consumption on the basis of LBM.

VOp max = 03 (litres/min.)/body wt. (kg) - fat (kg)

He concluded that the mathematical removal of fat re-
sults in the driving up of the quotient by increasing the
numerator (consumes more oxygen) and decreasing the denom-
inator (reduction of weight). The conclusion 1is obvious
that leanness is negatively weighted if fitness is éxpfes—
sed as a function of LBM, opposite to what the results of
Gitin's research indicated.

Gitin, in further analysis., advanced that:

"...to accept that the concept of VO3 max on the bas = of

" LBM, one must assume: :

. a) the excess adipose tissue does not interfere with
rapid delivery of oxygenated blood to the metabolically
active tissue making up the "Lean Body Mass;" and,

b) the fat does not consume an appreciable amount of
oxygen during maximal exertions.”

Studies concerning the effect of excess adipose tissue

on blood circulation (Neilson, 1968 ) and oxygen consump-
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tion of adipose t issue during exercise (Ball, 1961 ;
Davidson, 1960;Feligqg, 1973;Ortb, 1960 ;Vendsalu, 1960) sug-
gests that adipose tissue is more than an inert entity only
adding to final bodyiweight and to consider 1t so 1s erron-
eous and leads to erroneous conclusions about fitness.

One must therefore be extremely careful about the Qse
of VO, max as a function of LEM sarticularily in terms of
evaluating the ability to do exhausting work.

TRAINING AND VO» MAX

It appears that one must be exceedingly A careful when
attempting, to use VO max as an indicator of state of
training. The VO, max may tell very little about prior
training since research indicates that this wvariable is

predomine tly determined by heredity. (Astrand, 19706;

Davies, 1969;Herrald, 1939) Trainings' greatest effect ac-.

cording to Davies (1969), seems to be a greater co-ordina-
tion of the oxidative mechanisms, a decreased accummulation
of anaerobic metabolites , and a small increase in endur—
ance time. {(Astrand, 1970; Da?ies, 1969 ;Girandola, 1973;
Karlssen, 1972;K1ausen,é1974) Perhaps even a more signific-
ant finding has been that endurance time on a bicycle ergo-
meter may be doubled after five weeks of training at 75% of
VO, max while the VO2 max is increased only 7%. (Gleser,
1971) wWilliams (1967) has shown that the main’ effect of

physical training is on the level of oxygen consumption at



which anaerobic metabolism, (measured as excess lactate)
commences. In his study, Williams (1967) reported that the
percentage of VO, max, at which anaerobic metabolism com-
mences, increased 16% from 46% to 62% while the VO max in-
creased only 7%. It appears, therefore, that an individual
can subsfantially increase his work before exhaustion, by
only increasina his VO max by a small amount.

Davies (1969) defines the term "endurance fitness," as
the highest rate of work which can be performéd by purely
oxidative means without the occurance of anaerobic metabol-
ites (above resting'levels), and therefore continued for

prolonged periods without undue fatigue.

HYDROSTATIC WEIGHING AND BODY COMPOSITION -

According to Keys and Brozek (1953), when considering
human energy metabolism, it is essential to distinguish be-
tween the primary metabolically active and relatively in-
active components of the body. This distinction opened
the way for the‘appraisal of body composition in terms of
compartments and subsequent division of the body into the
fat and fat free components.

Benke (1942) initiated the use of calculating the a-
mount of body fat from specific gravity determinations. On
the basic presupposition that the specific gravity of fat

is less than that of other body components and therefore an
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inverse relationship exi.ts between the fat components and
total body density, it was concluded that, by using the
principle of Archimedes, a valid measure for estimating fat
content was possible.

It must be emphasized at this point, that the method
of hydrostatic weighing does not measure body density but
rather, gives an estimation of body volume which may be di-
vided by the weight to give the estimate of density.

Rathbun and Pace (1945) followed up the initial momen-
tum generated by Benke and developed a formula for the es-
timation of per cent human fat on the basis of their
studies with animals.

| Rathbun and Pace formula:
$ Fat = 100 5.548 - 5.044
S.G.

Therefore, an estimate of percent body fat could be
made from a measure of the specific gravity of the total
body where épecific gravity of body fat was assumed to be
0.918 and specific gravity of the fat free component was
assumed at 1.10.

Brozek (1949) advanced the concept and in 1953‘deve1—
oped a reference man as a new method for estimating fat
content from body deﬁsity. This reference man was con-
structed on the basis of determinations obtained from 25

healthy men with a average age of 25 years. The density of
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the reference man was 1.0629 gm/cc and had a fat content of
14% gross body weight. Changes from this reference man
were assumed to involve changes in cellular matter, fat and
hydration. (Bergren, 1950) The fat ¢ontent could then be
estimated from the following‘formula derived from values of

the reference man.

where fb is the total body fat, and
‘ Db is the body density.

Brozek et al. in 1963, replaced the reference man with
the reference body. This body was derived from determina-
tion on three male cadavers and had a body density of 1.064
with 15.3% fat.

From the reference body, the formula became:

fb = 4.570 - 4.142
Db

According to Brozek(1963), the values of this formula,
as compared to his previous one, alter the amount of fat
corresponding to a given density only insignificantly. The
advancement of this. formula is that it is based on imperic-
ally determined values as opposed to thé assumed or hypo-

thetical previous values.
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CORRECTION FOR INSPIRATORY AND RESIDUAIL, VOLUME

Before the true body volume can be obtained, the
weight of the water displaced by the air in the lunas
and respiratory passages must be subtracted from the
apparent weight of the body underwater. The air
within the lung's respiratory passages can be divided
into two: 1) the inspiratory volume, and 2) the re-
sidual volume.
1. Inspiratory Volume
Howell (1962) studied the reliabilities of the inhala-
tion and exhalation techniques during underwater
weighing. Reliabilities were reported to be 0.92 and
0.87 respectively. Other researchers have found the
exhalation technique to deliver higher reliabilities.
(Welch, 1951) It appears<that the difference however,
is almost insignificant, and most researchers prefer
the inhalation technique because it eliminates a great
deal of anxiety which accompanies total submersion.
(Cournand, 1941;Von Dobeln, 1956)
2. Residual Volume
Among the many methods for getermining residual
volume, the direct approaches on the most part, in-
volve complex equipment and techniques. The resulting
standard error of measurement for these direct methods

however, remain at approximately 100 ml. {Cournand

o
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1941;Gibson, 1949;Herrald, 1939;Motley, 1957) As a re-
sult of the-e combined difficulties with direct mea-
sures of residual volume, researchers have attempted

to further explore the possibilities of wvarious

simpler indirect measures. Esser 11y, three types
of indirect procedures have been ci yusing an as-
sumed average value for all subjec ‘rozek,1951;
Brozek, 1953; Gnaedinger, 1963;Howell, "Yestimat-
ing the residual volume from the easily - 1+ ed mea-
sure of vital capacity, (Kindig, 1968)or 3)- rating

the residual volume from other physical characteris-

tics of the subject. (Allen, 1963;Chinn, 1960;Cooper,

1966)(cited from Wilmore)

Wilmore (1969) studied 69 male and 128 female sub-
jects and found that for the majority of the subjects,
there was a close agreement between the actual values of
density, per cent fat and lean body weight and those ob-
tained through either estimated or a constant residual vol-
ume.

B.) RELIABILITIES OF HYDROSTATIC WEIGHING
The reliability of hydrostatic weighing to esti-
mate body density has been very high. (Buskirk,1957;

Ikae, 1966;Katch, 19€7;Keys, 1953) Durnin (1960)and

Keys (1953)reported that the error was less than 0.004

uits and 0.003 units respectively in 90% of the cases



that eacu studied. Gnaedinger {1963) concluded that
"underwater weighing is at present considered to be
the most reliable method for predicting body composi-
tion for human beings."

C.) CORRECTION FOR V.G.I.

Bidell (1956) used a total body plethysomographic
technique and an introgastric balloon to determine
V.G.TI. He found an average V.G.I. of 115 ml. with a
range of 0-500 ml. among subjects and a range of 50-
300 ml. from day to day test-retesf in the same sub-
ject. Buskirk (1957) proposed that on the basis of
these findings, the value of V;G.I. be incorporated
into the calculation of.body density as a correction
value. Others have reported that a 115 milliliter
volume is insignificant andmmay be neglected without
the accuracy of the method being altered. {Godman,
1961;Lim, 1961;Von Dobeln, 1956)

PERFORMANCE

According to Astrand(1970) the individual's perfor-
mance is the combined result of the co-ordinated exertion
and integration of a variety of functions. Astrand categor-
ized these functions as: 1)energy output in aerobic and
anaerobic processes, 2)neuromuscular function via strength
and technique, and 3)psychological factors including mo-

tivation and tactics.
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It is one of the purposes of this study to illustrate
the effect of changes on some of the easily measureable
factors on specific performance indicators. The physiolog-
ical factors of primary interest deal with the aerobic and
anaerobic processes.

We must keep in mind, however, that the competitive
sport event is still the classical test of physical perfor-
mance particularily in a multiphased team sport such as
team handball. |

Because of the non singular nature of physical perfor-
mance it is difficult to isolate the significance of a par-
ticular factor to the final outcome of performance. It is
of .primary interest therefore, to determine tﬁe implication
of changes in component factors of performance and as a re-
sult, make possible an increased performance capacity pot-
ential.

EFFECT OF TRAINING ON PERFORMANCE

According to Brouha and Hemmingway, training consists
of repeated periods of exercise resulting in more economic-
al and precise execution of the recurring maneuvers.
Hemmingway (1959) distinguished two distinct training ef-
fects.

1) Thg disciplining of the individual in patterns of
movement which are & ‘eady within his capabilities, so that

a specific result will be produced.
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2) The development of the resources and capacities of
an individual so that he is able *o undertake tasks which
originally were beyond his capabilities. (Hemmingway,
1959)

Many studies have been done which demonstrate an in-
Creased performance after training. (Cooper, 1968;Cureton,
1964 ;Cureton, 1956 ; Hammer, 1965;Hemmingway, 1959 ; Ikae,
1966 ;Karvonon, 1967 ;Knehr, 1942;Robinson, 1941;Robinson,
1941)

It can be concluded that with training, any normal in-
dividual can improve his working capacity. Astrand (1970)
recognizes, however, that outstanding athletic performances
are a unique combination of natural endowment (physical and
mental) combined with precise development through train-
ing. Either one of these factors working in isolation of
the other will inevitably prove futile in the generation of
outstanding performance. Brouha (1962) states that physic~
al training increases the efficiency to perform any kind of
muscular activity provided that workload is at least ﬁoder«
ate. The greater the work load an individual trains for,
in a specific activity, results in his being more efficient
and capable of doing more work of that specific nature. An
example of this 1is finding that VO max scores are
generally higher for men who are involved in strenuous

prolonged activities such as cross country skiing or
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running, and lower in sprinters and high jumpers. Hanne
(1965) observed this effect on basketball players and
cyclists. He explained that the differences in the two
groups were the results of the specific effects of training
on the developmeﬁt of different qualities in each group.
With basketball training, the stress was short and
intensive, primarily anaerobjc. Periods of work were al-
ternated with rest. as a result, there was a tendancy to
develop speed angd agility. On the other hand, road racing
requires that cyclists endure long work under sustained
load. This type of training tends to principally develop

aerobic capacities.

DETRAINING

Knehr (1942) states that any regime that is systema-
tically followed will have its most marked results after
the first few weeks. Following_the initial rapid gains,
more intensive trainin;.is necessary if continued progress
is to be attained. JVi!; i

Cureton (1964) and Brouha (1962) égree that increased
work capacity once increased is rapidly lost if training is
not maintained. Brouha states thatja lay off after inten-
sive training fro four to six days, is accompanied by a
significant deterioration of fitness. A lay off from seven

to ten days after a moderate level of training, on the
\

other hand, results in a very small decline of fitness.



THE S20GY AND CHEREBETIU ONE MINUTE BICYCLE ERGOMETER TFST

A.)

BACKGROUND

The one minute bicycle ergometer test was develop-
ad in reéponse to a need for a standard test to deter-
mine anaerobic capacity. The parameters measured in
the test are: 1)total work performed, and 2)oxygen
deficit.

In tests run on two hundred and thirty six top
competitive athletes from fifteen’réifferent sports
branches, the total work performed and the oxygen‘def—
icit were found to correlate highly significantly.
(Szogy and Cherebetiuﬁ 1974) In the tests i; was de-

termined that the anaerobic rate was 74.4%. Szogy and

Cherebetiu (1974) concluded that the anaerobic capac-

ity may be estimated from measured values of the total

work performed and can be considered a method for mea-
suring the global anaerobic capaéity.

In the tests, each subject underwent a _one minute
meximal'performance on a bicycle ergémeter. The numb-
er of rotations travelled depended on the individual

subjects' anaerobic¢ capacity.

The submaximal work load of 5.8 watts/ka body "

weight was recognized as sufficient for anaerobic met-

abolism since during the time period of one minute

all the energy from the anaerobic processes (i.e.

—
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phosphates and glycogen, rich in energy) are used.
(Keys, 1953) At maximum performances of different dur-
ations Christensen and Hogberg (1950) determined that
the largest oxygen censumption occurs in the- first
minute. Keul (1967,1969) determined that the highest
lactate values are measured gfter maximal stress of
approximately one minute duratfon. alsc, the highest
value of oxygen deficit ' as after maximum stress fol-
lowing a one minute duration. (Gleser "71;Hollman,
1963) N
In the Szogy and Cherebetiu (1974) test the en-
tire amount of work is the product of the given stress
rotation and .the reached number of rotations. To de-
termine the oxygen deficit at first, the oxygen need,
as a product 2.4 times the entire work output, was
calculated whereby the factor 2.;\corresponded to the
oxygen need in milliliters for 1 Kpm by an arbitrary
rate of effectiveness of 19.5%. Following the estab-
lishme;t of the oxygen intake and general corrections
in STPD through subtraction of the oxygen intake at
rest, the additional necessary intake of oxygen was
determined. The ratio between oxygen deficit and in-
take was in rela;ion te the anaerobic and aerobic part
of energy availability.
This- partial indirect method to determine oxygen

deficit is preferable since not more than one minute

of exercise 1is needed.
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VALIDITY

The analysis of the results shows thut of the two
hundred and thirty six subjects, the anaerobic part of
the energy availability value was between 71.9% and
76.7% with a mean of 74.4%

This wvalue corresponds to values found by other
authors. (Hansen, 1967 ;Lundin, 1971;Wolkow, 1970)
The.highest val&es of both coefficients emerged by re-
presentatives of those sports which primarily used the
lower limbs in their sport. The mean related to body
weight, of the entire work load, is 38.1 Kpm/kg body
weight. Their wvalue lies above the wvalue of
34.8Kpm/kg body weight which Dranfeld and Millerowicz
(1958) estimated at submaximal value to determine an-
aerobic capacities. The difference was explained by
the fact that the wvalues found by Dranfeld and
Millerowicz were gained by a hand rotation ergometer.
Also the coefficients devised by Dranfeld and
"Millerowicz are related to untrained persons.

Between the means of the entire work 1load, the
means of the oxygen deficit found by the fifteen
groups of athletes, there existed a high significance
correlation. (r = 0.970 p 0.001) "

Szogy and Cherebetiu (1974) assume that the method
used here will find a wider area of application. The

global capacity is of interest not only for sports,
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which are primarily anaerobic or mixed (aerobic and
anaerobic) processes, but also for those sports which,
through aerobic processes are marked by needs for an-
aerobic’ supply especially in the first minute of sub-
maximal work or in phases of submaximal workloads or
in phases such as the intermediate and final spurts,

for example, cycling sports.



CHAPTER 111

METHODS AND PROCEDURES

SUBJECTS

The sample used for the study consisted of ten top
competitive Team Handball athletes. The subjects were sel-
ected by National Team coaches on the basis of their pro-
ficiency to play the sport. Their ages ranged from 20.5
years to 34 years with a mean of 26.7 years.

EXPERIMENTAL PROCEDURE

All athletes were assigned to one of four groups based
upon their position which they primarily played while they
were competing on the Alberta Provincial team. K

These groups were:

1) wing-backs - left and right (n=4)
2) wings - left and right (n=2)
3) pivots (n=2)

4) centre-backs (n=2)
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Seven tests were selected, based upon their ability to

measure:
a) aerobic power

b) anaerobic capacity

c) body composition

d) sprint speed - for 10 and 40 meters

e) vertical jump
f) distance jump
g) shot velocity
The duration of the study was six months from the be-
ginning of the Team Handball season in November to its ter-
mination at the beginning of May. In all, five testing
sessions were set up at six week intervals throughout the
season. Complete data was obtained on all the subjects be-
fore the Team's participation in the Canadian Team ¥ andball
Championships in May.
The subjects underwent the following tests at each
test series:
1) a modified Maksud and Coutts continuous treadmill test
to determine their MVO; (aerobic power).
2) the Szogy and Cherebetiu one minute bicycle ergometer
test to determine anaerobic capacity.
3) the body densitometry test using the hydrostatic weigh-

ing technique to estimate per cent body fat.



4) the specifically designed performance tests tu deter-
mine abilities in certain specified performance para-
meters.

CONDITIONS OF TESTINC

Subjects were informed a ar i reir individual
testing times and of the fol »wi on.itions of testing.
A. Aerobic Power, Anaerobic Capacity, and Performance
Tests:

1) Runnina shoes, shorts and T-shirts were worn to

the testing labs and gymnasia.

2) Subjects refraihed from eating, smoking or exer-
cising for at least two hours prior to each test.
Drinking of alcohol was prohibited for eight hours
prior to each test.

3) Subjects participated in a short training and ori-
entation session a week prior to the first testing
session to become familiar with each piece of ap-
paratus and its operation.

.B. Body Composition Estimates :

1) A thin swim suit was allowed to be worn while the
densitometry test was being taken.

2) Subjects refrained from eating, or from drinking

alcohol for about three hours prior to the test.

ANTHROPOMETRIC DATA

Prior to each testing series, the following data was

collected from each subject:
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1)
2)

height (cm), and

weight (kg).

TESTING PROCEDURES

A.

Modified Maksud and Coutts. Treadmill Test
The subject was positioned on the treadmill and fitted
with a two-way Rudolf #2700 hreathing valve and mouth-

piece. The expiraticor alve H~utlet was attached to the

Beckman Metabolic Mrc-=1r  ent Cart which analysed ex-
pired air and -~rint: o .ata at thirty second
intervals. As a - i-" . to tue - 3t, subjects ran for

one minute at five miles per hcur and 0% grade. After
one minute the speed was increased to seven miles per
hour at 0% grade. At the end of the second and subée—
quent minutes, the grade was increased to 2.5% until
the subject terminated the run on the basis of subjec-
tive exhaustion.

Szogy and Cherebetiu onevMinute Bicycle Ergometer Test

to determine Anaerobi: Capacity

'For the purpose of we "-up, the subject worked on the

bicycle ergometer for cie minute at a load of 2.5 kp at
ninety revolutions per minute. Following a rest period
of one minute the initial test began. The previously
determined work load was set on the bicycle ergometer

and held constant during the test period for one min-

ute. Work load was determined in the following manner:
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if the subject's body weight was more than 80 kg (176.5

1b.), he was given a 5 kp work load. For subjects
i1ghter that 80 kg, the work load was determined by 1
Kpm/rotation/5 kg body weight 1less than 80 kg. In
other words, subjects with body weights hetween 75 and
80 kg received 29 Kpm/rotation (or 4.89 kp). Those
subjects with body weights ranqihg from 70.1 to 75 kg
worked only with 28 Kpm/rotation (4.67 kp). The
subjects were told to work during the test minute as
hard as possible under the given load in order to reach
é maximum number of rotations. In order to make it
easier for the subjects tg;pace themselves, every ten
seconds the remaining performance time was announced to
the subjects.

Hydrostatic Weighina for Determination of Body
Composition
A densitometry tank specifically desianed for undér—
water weighing was used. The tank was filled with
water to a depth of approximately five feét. An alum-
inum chair was suspended in the centre of the éank by
four cables which were connected to a strain gauge.
The strain gauge was suspended from a beam in the ceil-
ing. The chair was submefged to a depth of one and a
half feet (from the seat of the chair to the surface of

the water). Stress force on the strain gauge was re-

g
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corded on a Sargent S.R. 100 Recorder. A weighted belt
with an underwater weight of 18.08 pounds was used as a
standard added weight to prevent flotation and to get a
normal range chart reading on the recorder.

Prior to the test, each subject was weighed in air.
The subject then entered the tank and was asked to sub-
merge his head completely wetting his hair, rubbing
out all air bubbles. Air bubbles were also dislodged
from the body and bathing suit. The subject was asked
to sit on the chair and place the weigh* ~ belt on
his 1lap. When ready, the subject took =« al in-
halation, pinched his nose, and slowly leanea forward
until his entire body was submerged. The position was
held until a consistent reading was recorded. The sub-
“ect was then signalled'to sit up. Three trials were
repeated with the 1owest3chart reading used for final
record. While sitting in ¢ > chair, the subject maxim-
ally inhaled and while pinching his -»>=-~, 17ximally ex-
pired into a vitalometer. The = .; t e eated this
proycedure three times with the hic ) . ~2corded
as the vital capacity.

Forty Meter Sprint Test

A forty meter sprint track was set up to determine
sprint times at ten meters and forty meters respective-

ly. One Lafayette Light Emitter (Model 63502)-and one

1
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Lafayette Photocell Sensor (Model 62401) was aligned at
0, 10, and 40 meters from the starting point. Leads
from each of the Photcell Sensors were connected to two
stop clocks (Model 58007) and two clock latches (Model
58027). Each subject was instructed to start with one
foot immediately behind the starting line, while the
other was n® more than one meter back. Any starting
stance was allowed. Whenever the subject was ready he
started, breaking the beam as he crossed point 0, which

started -he tw clocks. When the subject reached 10

mecev > the second beam, which stopped one

iork ~s =lhe second clock was triggered to
st~ b s :ssi*ﬁ tnrough the final beam. The 10
meter ¢ . 40 meter times were recorded and the cldcks

reset for the next subject. Each subject was allowed
three trials, with the lowest times counting.

Vertical Jump Test

Pfior to the jumps, each subject's reach was determined
in the following manner; while standing flat footed on
the floor and holding an official size-weight handball,
each subject was asked to reach as high as they possib-
ly could and touch a measured tape, while maintaining a
straight wrist and adequate grip on the ball. Height
of reach was then recorie: 5 the distance from the
floor to the centre of the ball (i.e. centre point of

contact with the tape).
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For the test jump, the subjects were instructed to
allow themselves a three step approach at a
nonspecified angle to the basketball backboard. While
holding the handball, the subject then made his
approach, jumped and reached to touch the backboard at
the highest point of the jump. A recoréer at the
backboard height marked the point of contact and read
the height off the measured tape. Subjects were
allowed practice time and three attempts, the highest
of which was recorded. Vertical Jjump was then
determined by the difference between the jump height
and the standing reach height.

Distance Jump Test

The daistance jump test was specifically designed to
simulate a Team Handball wing jump. Each subject was
instructed to take a “:hree step app: ach and while re-
taining possession‘of an official size-weight handball,
jump along a line taped on the floor. The distance

jumped was the measured distance between the most for-

"ward contact point of the take-off to the nearest point

of the landing. One recorder was situated a£ each of
these areas to specifically mar -nd measure. The best
of three attempts was rec?rded.

Shot Velocity Test

Cinematography wés the means by which to determine
velocity of a standard three step approach and maximum

delivery throw. Prior to the test, the subjects were

40




41

allowed to warm-up while emphasizing their throwing
arm. When the subjects were ready, they were allowed
to take two to three practice throws to become familiar
with the throwing alley. The practice throws also al-
lowed the camera operator to practice reading the de-
livery. When the subject was properly prepared and the
camera ready, delivery was filmed. A Photo-Sonics
Action Master Camera was used in all the sessions. The
camera settingc vere as follows: framerate - 100
frames/second; shutter angle - 30; exposure time -
1/1200; and focus - 2-4-4. Kodak Ektachrome tungsten,
125 ASA film (16émm) (pushed three times in devéloping)
was used.

7ilm was processed by C.I.T.V. To facilitate the anal-
ysis of the film, a Hewlett-Packard 9864A digitizer and

0825A computer was used.

STATISTICAL TREATMENT

A t-test was performed on all the means of all the

subjects together, for the beginning and the end of the
season to determine if a significant difference at the .05
level of significance, existed for any of the test vari-

ables.

The formula used was:

“'\J
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where S(X1-X;) is the symbol for the standard error of the
difference between the two means, X3 and Xj.

2 2
X1 + x2

" n(n-1)

X1 is the mean score at the beginning of the season.
X7 1s the mean score at the end of the season.

xy = X - X3 x1_is the deviation of X from the

mean (X1)

x2 = X - X2 x2 is the deviation of X3 from the
mean (X3). '

df = ny = np - 2

t is the ratio of the difference between the sample
means to the standard error of this difference

X1 - X

S(Xq7 - X3) - standard error of difference.



CHAPTER 1V

RESULTS AND DISCUSSION

CHARACTERISTICS OF THE SUBJECTS

Ten top competitive male Team Handball players in

Alberta were selected because of their success as a team in

National and International Team Handball competition. -Some

characteristics of the subjects are given in Table I.

TABLE I

Characteristics of the Test Subjects -

STANDARD

MEAN DEVIATION

AGE (years) 26-27 3.78
HEIGHT (cm.) 184.5 5.69
WEIGHT (kg) (at be- 83.02 6.26

ginning of season)

43

RANGE

20-34

- 73.2-93.4



The main intent of this study was to determine 1if any
significant change occurred in the physiological and per-
formance test results, over the course of a season.

It was not the intenp of this study to determine the
causes precipitating or associated with physiological and
performance change.

Comments or suggestions indicating possible reasons
for change have been inserted for interest and speculation
fér possibie future studies or for coaching assistance.

Since some of the reported physiological changes ap-
pear to be related to the amount and intensity of specific
physical activity, these suggestions could prove very help-
ful to coaches and players of the Alberta Provincial Men's
Team in designing pre-season and in-season physical train-
ing programs.

COMPARISON OF MAXIMAL OXYGEN UPTAKE RESULTS

Table II illustrates the comparison of Beginning Sea-
son and End Season scores. The MVOy test results demon-
strate a drop in the mean scores. This drop is significart
at the .05 level of significance. |

Upon examination of Table 1I1 and Figure 1 we note
that one very obvious drop in MVOj occurs between Test 2
and 3. This period of time spans from mid December to the
end of January &nd is responsible for a drop of 4.24 ml/kg
min iﬁ VO, uptake. Both before and after this major drop,

until the end o “he season, very little change tookSplace.

44



TABLE II

45

COMPARISON OF BEGINNING SEASON SCORES TO END OF SEASON

SCORES (all subjects combined)

BEGINNING END T- |SIGNIFI-

VARIABLE MEAN | S.D. MEAN S.D. VALUE| CANCE
Aerobic 55.07 5.41 50.16 4,13 2.19 *
Anaerobic 102.4 5.13 |107.5 3.66 1.60 N.S.
$ Body Fat 8.26 3.16 9.17 3.95 |0.57 N.S.
Distance

Jump 153.60 10.82 |154.6 9.86 0.22 N.S
rg;rtical 27.75 3.21 27.75 2.78 0.0 N.S

Jump

10m Sprint 1.82 0.09 1.83 0.085 |0.33 N.S.
40m Sprint 5.38 0.21 5.49 0.22 1.22 N.S.
Shot

Velocity 27.11 1.45 27.41 1.48 0.48 N.S
Weight 182.65 13.78 184.10 |13.61 0.24 .S.

:ificant at

~he

.05 level of significance



TABLE III

AEROBIC TEST RESULTS (ml/kg min.)

46

SUBJECTS| TEST 1 TEST 2 TEST 3 TEST 4 TEST 5 z S.D.
01 - vB | 52.2 49.1 50.2 49.3- | 47.7 [49.7 |1.66
02 - GB | 48.8 54.7 48.3 44.8 48.8 |49.08(3.56
03 - RG | 57.9 57.7 54.3 52.9 52.9 [55.14]2.50
{04 -~ E3 | 50.7 48.1 46.7 47.4 47.2  |48.02]1.58
05 - TK | 5° 3 51.2 46.15 | 45.8 41.4 [47.36]4.44
06 - RL | 54.3 56.3 53.0 53.45 | 55.0 |54.4 [1.33
07 - cP | 64.2 60.2 57.4 Si.e 52.5 [57.78[4.62
08 - ST | 62.9 60.4 50.7 55.95 | 54.4 |56.86 4.85
09 - GW | 57.7 55.4 | 49.3 53.8 52.4 [53.72]3.16
10 - RW | 49.7 56. 1 50.8 49.8 49.34 [51.142.83
X 55.07 | 54.92 | 50.68 | 50.77 | 50.16
S.D. 5.41 4.26 3.47 3.89 4.13

o
1 rey
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COMPARISON OF AEROBIC TEST MEANS

FIGURE 1

47
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This phenéﬁenon appears to be the result of a tremen-
dous drop-off in activity during the Christmas break. Us-
ually games and practices cease by mid December and do not
start again until the second week in January. The month
layoff appears to have had a dramatic effect on aerobic
fitness. The drop off in MVO, may have been accentuated by
the relatively high level of MVO; demonstrated by the sub-
jects in test 1 and 2. This level can be attributed to the
very intensive training program in which the subjects were
involved in preparation for the World Cup Zone eliminations
which took place in October against tﬁe United States.

Nonetheless, it may be advisable for coaches and ath-
letes to note the potential results 5f the Christmas layoff
and c.mbark on an aerobic fitness maintenance program during
this period of time.

COMPARISON OF ANAEROBIC TEST RESULTS

Table II illustrétes an increase in the Anaerobic Test
results from the beginning to the end of the Team Handball
season. This increase is not significant at the .05 level
of significance.

Examination of Table IV and Figure 2 reveals that the
anaerobic test results behave somewhat differently from the
aerobic results, After a very sharp increase between Test
I and II, a sharp decrease occurs. From the end of January

to the end of the season a more gradual increase occurs.

48



ANAEROBIC TEST RESULTS

TABLE IV

(revolutions)

49

SUBJECTS| TEST 1 | TEST 2 | TEST 3 | TEST 4 | TEST 5 X |s.p.
01 ~ VB 98 104 101 106 106.5 {103.1(3.58
02 - GB 98 102 98 94 103.5 | 99.1|3.75
03 - RG 103 108 108 109.5 108.5 [107.4{2.53
04 - EJ 110 110 102 104 106 106.4{3.58
05 - TK 100 103 108.5 112 112 106.7(4.34
06 - RL 103 113 110 107.5 111 108.93.85
07 - CP 104 106 108.5 114 109 108.313.77
08 - ST 112 118 absent 112.5 110.5 |113.5]3.28
09 - GW 98 100 absent 98 100 99 [1.15
10 = RW 98 114 101 106.5 118 105.5/6.24
X 102.4 107.8 104.6 106.4 107.5 |
S.D. 5.13 5.87 4.59 6.39 3.66
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FIGURE 2

COMPARISON OF ANAEROBIC TEST MEANS
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The reason for the first increase is difficult to ex-
plain, but it 1is the author's speculation that subjects
were hesitant to provide a 100% effort in the anaerobic
test until the second series.

Differences in Test 2 and 3 can probably be attributed
to the Christmas layoff.

The consistent rise from Test 4 and 5 perhaps illus-
trates the anaerobic nature of the game of Team Handball.
In practicing and playing the sport, it appears that the
anaerobic component is more greatly stressed than the aero-
bic component, thus bringing about a training effect.

Again, players and coaches would do well to consider
some activities during the Christmas break to offset the
drop in anaerobic capacity.

COMPARISON OF PER CENT BODY FAT RESULTS

Table II illust tes that there is a slight increase
in the per cent body fat between the beginning of the Team
Handball season and the end. This increase is statistical-
ly not significant at the .05 level. Figure 3 and Table V
demonstrate that this increase is gradual. The sharpest
increase, as one might expect, occurs during the Christmas
layoff period, with consistent but slight declines as ac-
tivities increase toward the end of the season. It might

be interesting to note that the final per cent body fat

mean does not reach the beginning season low.
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TABLE V

BODY COMPOSITION (% body fat)

(SUBJECTS| TEST 1 | TEST 2 | TEST 3 | TEST 4 | TEST 5 | X |[S.D.
01 - VB | 5.1 4.6 6.26 5.7 7.1 5.75(0.98
02 - GB | 6.45 8.43 | 12.06 9.1 9.3 | 9.07|z.01
03 - RG | 3.99 6.53 3.95 5.5 4.03 | 4.8 |1.17
04 - EJ | 6.88 6.73 6.57 8.36 7.3 7.170.72
05 - TK | 14.1 15.23 | 16.36 | 13.5 17.7  |15.38|1.72
06 - RL | 9.98 9.65 9.89 | 11.27 7.65 | 9.49|1.32
07 - CP'| 8.24 8.43 8.75 7.25 6.75 | 7.88{0.85
08 - ST | 6.8 4.98 8.75 9.26 8.8 7.72(1.80
09 - GW | 9.6 10.4 9.65 | 10.36 8.85 | 9.77]0.64
o — rw | 12.46 | 13.82 | 15.51 | 15.05 | 14.14 [14.20}1.18

X 8.26 8.88 9.78 9.54 9.17

S.D. 3.16 3.52 3.95 3.12 3.95
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FIGURE 3

COMPARISON OF % BODY FAT MEANS
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COMPARISON OF DISTANCE JUMP RESULTS

Table I1 indicates that there is no significant dif-

ference between distance jump scores at the beginning of

¥ Apparent pattern to the results through the

chbfes ﬁ&nge from a mean 151.8 cm. to 154.6 cm.

N

This difference may be attributed to experimental error

season”

and,/¢ individual motivation factors during the performance
of this test.

COMPARISON OF VERTICAL JUMP TEST RESULTS’

Table II illustrates that there is no significant dif-
ference at the .05 level of significance between the mean

of the vertical jump test at the beginning of the season

and the mean of the vertical jumps at the end of the sea-

son.

Examination of the seasonal picture as presented in
Table VII and Figure 5 reveals some minor changes particu-
larily involving Test 4. There appears to be no épparnnt
explanation for this dip in the mean. It is spec.. -
that a combination of motivational factors and recorde: .i-

ror may have been responsible.

COMPARISON OF 10M SPRINT TEST RESULTS

Table II reveals that the difference between the means
at the beginning of the season when compared to the end is

not significant at the .05 level.

54
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TABLE VI

DISTANCE JUMP TEST RESULTS (centimeters)

e

FSUBJ ECTS| TEST 1 TEST 2 TEST 73 TE“Sw'ITW‘I«(\'ITE;I‘—?R—TE (S .D.
01 - vB | 353 353 368 366 360.5 [359.1] 5.9
02 - GB | 376 391 374.5 | 34-., | 385 |374.4117.5
03 - RG | 432 4042 439.5 | 421.5 | 428 |425.0|13.43
04 - EJ | 411.5 | 396 401 absent | 416.5 |406.2| 9.40
05 - TK | 386 393.5 | 420.5 | absent | 399  |399.6|14.59
06 - RL | 376.5 | 366 377 373.5 | 372 |374.9] 2.07
07 - CP | 363 358 371 371 363 [365.2] 5.69
08 - ST | 432 437 absent | 439.5 | 429  |434.4| 4.75
~ fo9 - Gw | 373.5 | 360.5 | absent | 368 385  [371.7(10.32
10 - RW | 399 396 406 401 388.5 [398.1] 6.48
X 390.2 | 385.5 | 394.06| 385.75| 393.65 o
S.D. 27.6 26.09 | 27.06 | 31.83 | 25.06
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COMPARISON OF DISTANCE JUMP TEST MEANS
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TABLE VII

VERTICAL JUMP TEST RESULTS (centimeters)
SUBJECTS| TEST 1 | TEST 2 | T:ST 3 | TEST 4 | TEST 5 X |s.D.
01 - VB 67.5 64.8 68.6 66.0 66.0 |66.0 [1.65
02 - GB | 59.5 65.4 62.9 59 7 63.5 |62.0 |2.49
03 - RG 77.5 76.2 76.2 74.9 76.2 |76.0 |0.89
04 -~ EJ 76.0 75.6 absent 73.7 74.9 |75.0 [1.49
05 - TK 62.0 % 57.7 absent 58.5 61.0 |60.0 [1.65
06 - RL 68.5 66.0 66.0 65.0 66.0 |[66.0 |1.40
07 - cp 68.5 72.4 73.7 69.9 72.5 |71.0 2.06
08 - ST 87.5 85.7 absent 81.9 85.0 |85.0 |2.39
09 - GW 71.0 69.9 absent 64.8 70.0 |69.0 |[2.82
10 - RW 66.0 68.0 71.0 64.8 70.0 6810 |2.62

X 70.5 70.4 . 69.8 67.8 70.5

s.D. 8.2 7.5 4.9. 7.24 7.1

- LI




VERTICAL JUMP (centimeters)
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FIGURE 5

COMPARISON OF VERTICAL JUMP MEANS
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It i1s interesting to note that from Fiqure 6 and Table
VII1 the slowest mean recorded was ¢. <st 3. Any conclu-
sions here would merely be speculation.

COMPARISON OF 40M SPRINT TEST

According to Table II there is no significant differ-
ehée at the .05 level between means recorded at the begin-
ning and at the end of the Team Handball season. Table IX
and Figure 7 demonstrate a constant slowing of the 40m
sprint times to Test 4 and then a levelling off.

The only test esult pattern which is similar to these
results are the aerobic'results, but there are no reasons

Y

for any connection and the author concludes that if there

is any correlation, then it would more than likely be coin-

cidenta. !

COMPARISON OF SHOT VELOCITY RESULTS

Table II reveals that there is no significant differ-
ence at the .05 level .of significance between means for
shot velocity at the 5eginhinq of the season when compared
to the end.

Figgre 8 and Table X illustrate that the seasonal var-
iations dé not follow any patfﬁrn. Cortrary to other
tests, the best means were recorqu during Test 3, but this
result was not significant. Variations may be explained as
being atﬁributed to changes in individual motivation and

a0 .Y,
“experimental error.

g
w0
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TABLE VIII AL
10m SPRINT TEST RESULTS
S
ﬁ?»' *oq
SUBJECTS| TEST 1 | TEST 2 | TEST 3 | TEST 4 | TEST 5 _ii"~éfﬁ.“1 %;.
01 - VB 2.00 2.00 1.99 1.98 1.98 | 1.99(0.01
02 - GBJL 1.85 1.79 1.90 1.80 1.80 | 1.83)0.05
03 - RG I 1.74 1.76 1.75 1.75 1.75 | 1.75(0.01
04 - EJ 1.72 1.71 1.79 - 1.72 1.73 | 1.73]0.03
05 - TK 1.95 1.89 1.96 1.98 | absent | 1.95|0.04
06 - RL 1.80 1.82 1.78 1.75 1.85 | 1.80/0.04
07 - CP 1.79 1.92 1788 1.79 1.85 | 1.85/0.06
08 - ST 1.74 1.71 | absent 1.76 1.80 | 1.75]/0.04
09 - GW 1.84 1.89 | absent.| 1.92 1.88 | 1.88/0.03
10 = RW 1.78 1.81 1.80 1.78 absent 1.80]10.02
X 1.82 1.83 1.86 1.82 1.83
S.D. 0.09 0.09 0.09 0.1 0.085

A
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FIGURE 6

COMPARISON OF 10 METER SPRINT TEST MEANS
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TABLE IX

40m. SPRINT TEST RESULTS

[sussects| TEsT 1 | TEsT 2 | TEST 3 | TEST 4 |- TEST 5 X |s.p.
01 - VB 5.84 5.74 5.79 5.81 5.82 | 5.80{0.04
02 - GB 5.38 5.34 5.47 5.50 5.45 | 5.43{0.07
03 - RG 5.26 5.22 5.25 5.32 5.31 | 5.27(0.04
04 - EJ 5.14 5.06 5.17 5.26 5.21 7| 5.17(0.08
05 - TK 5.55 5.50 5.60 5.66 | absent | 5.58{0.07
06 - RL 5.38 5.47 5.39 5.56 .5.56" 5.47|0.09
07 - Cp 5.35 5.60 5.53 5.57 5.67 | 5.54(0.12
08 - ST 5.09 5.05 | absent 5.14 5.23 | 5.13|0.08
09 - GW 5.46 5.53 | absent 5.68 5.40 | 5.58(0.10
10 ~ RW 5.39 5.42 5.44 5.45 | absent | 5.43]0.03
X 5.38 5.39 5.46 5.50 5.49 1
< §.D. 0.21 0.23 0.20 0.21 0.22
?
¥
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COMPARISON OF 40 METER SPRINT TEST MEANS
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TABLE X

SHOT VELOCITY TEST RESULTS m/sec.

64

SUBJECTS| TEST 1 TEST 2 TEST 3 TEST 4 TEST 5 X S.D.
01 - VB 26.51 27.88 27.84 26.64 absent [26.97|0.62
02 - GB 30.16 30.48 30.99 30.92 30.25 (30.56(0.38
03 - RG 27.04 28.09 27.97 27.38 28.09 |27.71(0.48
04 - EJ 26 .68 26.54 26.95 26.59 26.28 |26.61|0.25
05 - TK 27.80 28.57 28.51 28.14 29.30 28.2610.31
06 - RL 27.49 28.35 28.96 27 .89 28.27 [28.19(0.55
07 - Cp 26.80 27 .43 28.00 26.98 26.80 [27.20(0.52
08 - sT 27.80 28.78 absent 27.10 27.20 [27.72(0.77
09 - GW 24,39 26.30 absent 25.75 25.80 [25.5610.82
10 - RW 26 .40 26.14 25.68 25.89 25.64 (125.9310.33

X 27.11 27 .86 27.99 27 .32 27 .41

§.D. "1.45 1.33 1.6 1.49 1.48f
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FIGURE 8

COMPARISON OF SHOT VELOCITY MEANS
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COMPARISON OF BODY WEIGHT

Table II indicates that there is no significant change
at the .05 level in mean weights between the beginning and
the end of the season. Table XI and Figure 9 illustrate a
slight rise from the beginning to mid March, then a drop
toward the beginning of May. This seems to foi.iow the gen-
eral trend in activity pattern during the season and al-
though these changes are fairly consistent, their implica-
tion in performance cannot be verified :  -his study.

It is interesting to note that welynt changes shou.d
normally follow changes in per cent body fat. Upon analy-
sis of Table V and Figure 3, this is generally the case ex-
cept in Test 4 where the weight increased from itest III
while the per cent body fat decreased slightly. This dif-
ference, however, is very minor and well with;n the bounds
of experimental error.

PROFILES ACCORDING TO POSITION

The remainder of this chapter will deal with a pre-
éentation of descriptive data on the subjects in accordance
_ to the position they primarily played on the Alberta Senior
Men's Team Handball Team.

Since the number of each group was very small, no at-
tempts were made to establish profile norms for the posi-

tions.



TABLE XI

BODY WEIGHTS (kg)

67

SUBJECTS| TEST 1 TEST 2 TEST 3#~ TEST 4 TEST X S.D.
01 - VB 84.3 84 .1 93.9 84.7 81.4 83.7 [1.3°7
02 - GB 91.4 390.9 95. 95. 94.3 93.0 {1.95
03 - RG 73.2 73.2 74.1 75.9 75.0 74.3 14;;d
04 - EJ 75.7 75.9 77.1 75.4 75.9 76 .1 .49
05 - TK 53.4 94.1 94.1 93.2 94.6 93.9 0.55‘
06 - RL 85.2 85.5 85.7 86.4 83.0 B4.1 }1.29
07 - Cp 83.6 83.9 83.6 82.3 82.9 83.2 [0.69
08 - sT 81.4 .8 81.8 84.1 83.9 82.6 (1.28
09 —‘GW 79 .1 uJu.5 80.9 82.3 82.3 81.0 [1.34
10 - RW 83.0 83.6 84.9 85.5 85.7 84.4 (1.10
X 83.02 83.4 84.1 B4.5 83.7 83.8 -
S.D. 6.5 6.2 6.7 6.21 6.2 0.55




» 86

YA St

89
88

87

85

MFEAN WEIGHT . (kg)
R S T T S - ST
L N R - - TS X S R

75.

~
0.0 I°

COMPARISON OF BODY WEIGHT MEANS

FIGURE 9

o

68

T

TEST 1
N=10

TEST 2
N=10

TEST 3
N=10

TEST 4
N=10

TEST 5
N=10



69

It may be very interesting however, to see how physic-
al and performance tests indicate trends and characteris-
tics in certain positions when compared to others.

Responsibilities and roles vary from one position to
another. These differing roles and roarmonsibilitlies ‘place
specific physical, physiologics  and v~ fc¢ mance requiré~
ments on an athlete in order - he et ind fulfill the
task of the position he plays.

Performance requiremer = »ecome more acute at the top
competitive level and the need- to match the athlete with
the position becomes an importaﬁt céaching decision.

Through the results of this study of top competitive
Team Handball athletes, perhaps we can gain some fundamen-
tal understanding of why certain players were selected for
their position and what special skills thes have compared
to others in other positions.

The 1977 Alberta Provincial Senior Men's Team Handball
Team was divided into {our profile groups according to the
position to which they were selected.

These groups were:

1) Wing Backs n=4
Subjects
02 - GB
05 - TK
06 - RL

07 - CP



2) Centre Backs n=2
Subjects
08 - ST
09 - GW

3) Wingg n=2
Subjects
03 - RG

- 04 - EJ

4) Pivots“n=2
Subjects
01 - VB

10 - RW

{g%A

-y
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SUMMARY CHART LK OF DOMINANT CHARACTERISTICS FROM A COMPARISON

OF TEST MEANS ACCORDING TO POSITION (from Figures 10-19 and

Table XII-XIX)
yING BACK

CENTRE BACK

WINGS

' PIVOT

~-tallest and
heaviest.

~highest per
cent body
fat.

~lowest vert-
“ical jump.

~-highest shot
velocity.

-highest aerobic

|. power.

“highest vert-
ical jump.

-shortest &
lightest.
-highest an-
aerobic cap-

acitw.
-lowest per
cent body
fat.
~greatest
mean dis-
tance jump.
-fastest 10m
sprint time.
~fastest 40m,
sprint time.

~height sante
as wings
but second
heaviest
{general
descrip-
tion-
short and
stocky)
.—lowest
aerobic
power and
anaerobic
capacity.
-slowest
10m
sprint
time.
-s8lowest
40m
sprint
time.
-slowest
shot vel-
ocity.

'i#?
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DISCUSSIONS OF DOMINANT CHARACTERISTICS

WING BACKS

Prom the above summary we can se&e some very distinct
and meaningful characteristics.

wing‘ backs are the primary power shooters on the
team. Their shooting takes place from the greatést dis-
tance from the goal and usually o lefensive players. 1t

»

. “ %
is therefore not surprising that ire’ the tallest and

hardest shooters on the team. It i1» a bit surprising that ‘ng\

they rank poorly in the verticalﬁjump t $ ‘since é'high‘

vertical jump would certainly be an advantade “in obtaining;

a clear shot at goal over the defensive players.
s : )

~ G

CENTRE BACKS 7

The centre back players are :uall§ th%.leaders (or
quarterbacks)(Level II, Pg.48) on the team and must primar-
ily be the tecunical and ;actical'experts. Their primary
characteristics should centre around quick thinking, ball
control, and timing. Any positive physiological or perfor-
mance charécteristics hgld by the ce & cks will cer-

tainly be an asset, but the main responsibility areas -of

- the centre backs are - psychological and techno-tactical.

These areas were not manifest in the tests of this study.

-

.
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WINGS

w8
& £pgs speciakize in the followinc:
1)!£t;S breaks, and
2) sébring from bad angles.
:?ma It is very much an assot for the wing to be smaller,
éﬁ%ck and have an excellent distance jump. These are the

characteristics most domln?ﬁ§1y dlsplayed by the wings in

the tests and this is certalnly not surprlslng.

)

‘ W
PIVOTS .

The primary responSibilit? of‘°ghe stationary pivot
player it to set “pic&s"iana "scﬁéens" ang be able to shoot
from thé ém line. In order to confine defensive players
and performvﬁls respon51bi}{£1es, the pivot must phy51cally
be” a stﬂong and sturdy player ThlS type of a player is
not the type of player who would be good for fast break-
ing. The ideal pivot, however, should be mobile, have an
excellent set of_hands, and be almost acrobatic in order to
be‘a.scoring threat: from the 8m ‘line. (Level II‘:%.48)

'Since the pivot plays primarily on the 6m 1line, he
does not reguire a.hérd shot or abilit; to jump well. It
is thereforeiﬁot surprising that the pivots did not score

well on the tests.
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CHAPTER V

f*“

T ni M;
sUMMARY #ND CONCLUSIONS

%

@

o

-

!

The main purpose of this study was ¥o examing changes

& , ar ) e
in physiological and pe:form&ﬁ%e characteristics of top*kA

a3 : Fy
competitive Team Handball players in Alberta. Characteris-

it Y
% ) . S g .
tics examined were height, weight, aerobic powet, anaerobic

- ',';3

capacity, per cent bARMIf at, distance jﬁmp, vertical 3jump,

RS

s . . .
_ﬁa&‘meter sprint times, 40 meter sprinmt times, and shot vel-

ocif?. ' .
Descriptive data was presented and changes in charact-

eristic means were determined over the course of a competi-

tive Team Handball season.

Descriptive data was also presented relative to char-

-

acteristics common to particular positions.

. Ten top competitive Team Handball players, all members

of Albertas' Provincial Team, participated in this study.
This team won the 1977 Canadian Team Handball Championships

and also won the Western Hemisphere World Cup Eliminations,

1%

'
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earning Canada the to participate in the 1978 worig

Cup.

The snbjects were tested five times, on all the vari-
ables, every six weeks throughout the competitive Team
Handball season.

Test data was charted and graphed for descriptive pur-

poses.

- S

A t-test was performed on al} the means of all. the

subjects together, for the beginning and the. end of the

‘season to determine 1f a significant dlfference, at the .05

level of confidence, existed.
P
CONCLUSIONS
There was a significant difference at the .05 level of

significance between the beglnnlng and the end of the Sea-

'son means for the aeroblc power variable. No 51gn!flcant

Hi:feﬁwnce:was found for any of the other varlables.
7
The Alberta Provincial Senior Mens Team Handball Team

decreased in aerobioc fitness over the competitive season as

b 3

measured by MVO,.

-

RECOMMENDATIONS

It was felt that w1th a greater number of subjects: 1nl
each p051t10n, an attempt could be made to establish phy—
sical, physiological ang performance standards for each

p051t10n.

”
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It was felt that the process of getting 10 athletes
t rher for 7 tests, 5 different times during a 6 month
period was extremely difficult. This process is not recom-
mended.

IR Muscle biopsis or blood lactate analysis would have
provided moré conclusive results in determining oxygen
debt. ‘

A more in depth analysis could be done to determine

the per cent of energy supply from aerobic and anaerobic

energy systems.,

A
-
o4

g




77

BIBLIOGRAPRHY

Allen, T.H. Measurement of human body fat: A quantitative
method suited for use by aviation medical officers. )
Aerospace Med, 34:907-909, 1963. ~

Anderson, K.L. Respiratory Recovery from Muscular Exercise’
of Short Duration. Acta Medica Scandinavica supple., 168,
1960.

Anderson, K.L. Work Tapacity of Selected Popluations, in
The Biology of Human Adaptibility, edited by P.T. Baker
~and J.5. Weiner, Oxford: Claredon Press, 67-90, 1966.

Astrand, P.O. Human physical fitness with special reference
to sex and age. Physical Dev. 36, 307-337, 1956.

Astrand, P. H@‘xperimental studies of physical working o-
capacityviﬁ%gﬁlation to sex and age. Copenhagen,
Maksgaard, 1952. e '

.
T

Astrand, P.O. Qualification of Exercise Capacity and
evaluation of Physic~! Capacity in Man. Progress in
Cardiovascular Dise.. s, Vol. XIX, No. 1, 1976. ¢

Astrand, P.O. and K. Rodahl. Textbook of Work Physioloay,
New York: McGraw-Hill Publishers 1970. .

Astrand P.O.,T. Hallback, R.P. Hedman and B. Saltin. Blood
Lactates after Prolonged Severe Exercise. Journal of
Applied Physiology, 18: 619-622, 1963.

Astrand, P.O. and I Rhyming. A Nomogram for Calculation of
perobic Capacity (Physical Fitness) . ~m Pulse Rate During
Submaximal Work. Journal of Applie:c *aysiology, 7:
215-221, 1954.

Bailey, @en Edwarad. Comparison of Maximal Aervobiw
Capacity and Maximal Aerobic Power as Measures of Endurance
Fitness. Unpublished Ph.D. Thesis, University of Alberta
*1975. R '

Balke, Bruno and ROy W. Wape.' An experimental study of
Physical Fitness of Air Fofce Personnel, U.S. Armed Forces
Medical Journal Vol. X, No.6, 1959.

Ball, E.G. 2and R.L. Jungas. On the action of hormones
which accelerate the rate of oxygen consumption and fatty
acid release in rat adipose tissue invvitro. Proc. Natl.
Acad. Scik., U.S. 47: 932-941, 1961,




.
v

Benedict, F.G. an . Y.

- 78

Cathcart. Muscular Work. A

medical study with special reference to the efficiency of
the human body as a machine. Published by the Carnigie

Institute of Washington,

1913.

Benke, A.R., B. Feen and W. Wilham. The Specific Gravity

of Healthy Men. Journal

of the American Medical

Association, 118, 493-495, 1942.

Bergren, G., F.H. Christensen. Heart Rate and Rody
Temperature as Indices of Metabolic Rateis During wWork.

Arbeits Physiologie, Vol.

Bidell, G.N., R Marshall,

14, 255-260, 1950.

A.B. De Bois and J.H. Comrglk Jr.

Plathysmoqraphlc Determination of the volume of Gas Trapped
in the Lungs. Journal of Clinical Investigations, Vol.

35, 664-670, 1956,

Bidell, G.N., R. Marshall, A.B. De Bois and J.H. Barris.
Measurement of the Volume of Gas in the Gastro-Intestinal
Tract, Values in Normal Subjects and Ambulatory Patients.

Journal of Clinical Investigations, VO1l.3 336-345, 1956.

Bock, A.V., C. Vancaulaert, D.B. Gill, A. Follig and L.M.
Hurnthal. Studies in muscular activities, TIII Dynamical

changes occurring in man
136-161.

at work. J. Physiol, 128. b. 66,

‘ <
Brouha, L. Physiology of Training, including age and sex

differences. Journal of

Sports Medicine and Ph151cal

Fitness,2: 3-11, 1962

Brozek, J. and A. Keys.

¢

The evaluation of leanness-fatness

in man. Norms and interrelationships. Brit.J., 5: 194,

1951.

Brozek, J. and A. Keys.
fatness. Geriatrics, 8:

Brozek, J.,F. Grnﬁae, J.

Relative body welqht, age and,
70-75, 1953.

Anderson, and A. Keys.

Densitometric Analysis of Body Composition: Revision of
Some Qualitative Assumptions. Annals of the New York

Academy of Sciences, 110:

113-140, 1963.

/
/

‘/
Brozek, J.,H. Henschel and A. Keys. Effect of Submersion
in Water on the Volume of Residual Air in Man. Journal of

Applied Physiology, Vol.

Brozek, J. and A. Keys.

Physiological Review, 33:

2 240-256, 1949.

Body Fat in Adult Man.
245-325, 1953.
%

k4




79

Buskirk, E. Underwater and Body Dens.ty: & Review of
Prodedures in Techniaues for éMeasuring Body Composition,
National acedemy of Sciences: National Academy of
Sciences: National Research Council, Washington, D.C.

Buskirk, E. and H.L. Taylor. Relationship between maximal
oxygen intake and components of body composition.
(abstract). Federaticn Proc., 13: 21, 1954,

Buskirk, E. and H.L. Taylor. Maximal Oxygen Intake and Its
Relation to hody Composition, With Special reference to
Chronic Physical Activity and Obesity. Journal of Applied

Physiology, II: 72-78, 1957.

Canadian Team Handball Federation, Level II Coaching
Manual. National Sport and Research Centre, 48, 1980.

Chase, G. A‘,C Grave, and L.B. Rowell. Independence of
Changes 1in , tuonal and performance capac1t1es attendina
prolonged test. Aerospace med., 37° 1232-1238, 1966.

Chinn, K.S.K. and T.H. Allen. Prediction of residual lung
volume for purposes of determining total body tissue
volume. U.S. Army Med. Res. Nutr.Lab. Rep., #252, 10
October 1960. :

Christensen, E.H., P. Hogberg. Steady state, O, defic t%
and O; debt and severe work. Arbeitsphsiologie 14,
251-154, 1950.

Cooper, K.H. A Means oflAssessing Maximal Oxygen Intake.
Journal ‘of the American Medical Assoc., 203: 201,204,
1968. .

Cooper, K.H. and S. Laverette. Physical conditioning versus
”¥€3 tolerance. Aerospace med., 37: 462-465, 1966.

Cournand, A., E.D. Baldwin, R.C. Darling ‘and D.W.
Richards. Studies on intrapulmonary mixture of gases.
IV. The significance of the pulmonary emptying rate and
Slmpllfled open circuit measurement of re51dua1 air.
~Invest., 20:. 681-684, 1941, .

Cumming, G.R. Current Levels of Fitness. Canadian Medic&l
Assoc. Journal, 96: 868-877, 1967.

Cumminpg, G.R. and L.M. Bgixsyk. Criteria for Maximum
Oxygen Uptake in Men over 40 in a Population Sirvey.
Medicine and Science In Sports, 4 18-22, 1972.



80

L

Cunningham, D.A. and J.A. Faulkner. Affect of Tralnln&
Aerobic and Anaer@ic Training Programs: A Review.

American Corrective Therapy Journal, 23: 144-147, 196
Cureton, T.K..E.E. Philips. Physical Fitness Changes in
Middle Aged Mcn Attributed to Equal Eiaht Week Periods of
Training, Non-Training and Re-Training. Journal of Sports
Medicine and Physical Fitness, 4: 87-93, 19%3.

Cureton, T.K. The Relationship of Physical Fitness to
Athletic Performance and Sports. American Medical Assoc.
Journal, 162: 1139-1149, 1956.

Davidson, T.W.F.,J.M. Salter and C.H. Best. The effect of
glucagon on the metabolic rate of rats. American Journal
of Clinical Nutrition, 8: 5:J-546, 1960.

Davies, C.T.M. Measuring the Fitness of the Population.
Preceedings of the Royal Society &f Medicine, 62:
1171-1174, 1969,

“u

Dill, D.B., B. Sacktor. Exercise and oxygen debt of
Sports. Med. and Physical Fitness, 2: 66, 1962.

Drake, V.,G. Jones, J.R. Brown and R.J. Shepherd. Fitness
Performance tests and Their Relationship to Maximal Oxygen
Uptake of Adults, Canadian Med. Assoc. J. Vol. 99, 1968.

Dransfeld, B.,H. Mellerowicz. Untersuchangenuber
Luslungsfahlgkelt und Herzchlagfrequ:« von Untrainiertren
bei Maximalleistungen am Handkurbeler eter. 1Int. Z Angew
Physiol, 17: 207-215, 1958. .

Durnin, Taylor. Repllcablllty of Den51ty of the Human Body
as Deternined by Underwater Weighing. Journal of Applied

Phsiology, 15: 142~144,1960.
Felig, P.,J. Wahren, R. Hendler and G. Ahlborg. Plasma

glucagon levels in exer0151ng man. N. Eng J. Med., 287:
184485, 1973, ;

Gallagher, J.R., L. Brouha. Dynamic Physical Fitness in
Adolescense. Yale Journal of Biology and Medicine, 15:
657-675, 1943. ‘

Gibson, J.C. and P. Hugh—Jones. The measurement of the
total lung volume and breathing capacity. Clin. Sci., 7:
185-2716, 1949, ’

: -



~f

Girandola, R.N. and F.I. Katch Effects of Physical
Conditioning on Changes and Recovery. Oxygen Uptake and
Efficiency During Constant Load Ergometer Exercise.
Medicine and Science in Sports, 5: 242-247. 1973,

Gitin, E.L., J.E. Olerud and H.W. Carroll. Maximal Oxygen
uptake based on lean body mass: a meaningful measure of
physical fitness? Journal of Applied Physiology, 36:
757-760, 1974.

Glassford, R.G.,G.H. Baycroft, A.V. Sedgewick and R.R.J.
Macnab. Comparison of Maximal Oxygen Uptake Values
Determined by Predicted and Actual Methods. Journal of
Applied Physiology, 20: 509--513, 965.

Gleser, M.A. and J.A. Vogel. Endurance Exercise: Effects
of Work-Rest Schedules and Repeated Testing. Journal of
Applied Physio]ogy, 31: 735-738, 1971.

Gnaedlnger, R. H&KE P. Re e, A.H. Pearson, W.D. Van Huss,
J.A. Wessel andb&.s Montoya. Determination of body
density by air Gpsplarement, helium dilution, and
underwater weighing. Ann. N.Y.Acad.Sci., 110: 96-108,
1963.

Godman, R.FP. and E.R. Buskirii. Body Volume Measurement by
Underwater Weighing: Description of a Method, in
Technlques for Measuring Body Composition, Edlted by J.
Brozek and A. Henschel, Washington: National Academy of
Sciences, 78-78, 1961. N

Hammer, W.M. Physiologicai and Pérformance Changes During
Periods of Football Training and De-Training. Journal of
Sports Medicine and Physical Fitness, 5: 72-75, 1965.

Hanne, N. How Training Effects the Functional Condition of
the Ora@anism of Young Sportsmen. Journal of Sports Medlc1ne

and Phy51cal Fitness, 5: 220~ 223, 1965.

Hangeny G. Vergleichende Untersuchungen uber das Verhaltnes
der aercben zur anaerobin Kapazitat bei maximaler
ergomettischer Belastung, Schweiz 2 Sportmed., 15: 68-75,
1967. . . ’ '

Hebbelinck, M. Ergometry in physical training research.
J. Sport Med., Porino 9: 69-70,1969.

Hemmingway, A. Physiological Basis of Training.

Ergonomics, 2: 133-143, 1959,

81



Herbst, R. Der Gasstoffuechel als Mass der Korperlichen
Lustings fohigheit. I Mitteilung: Die Bestimmung des

Saverstoffaufnahmevernogins beim Gesunden. Deut Arch klin

Med., 162: 33-50. 1928.

Hermansen, Lars and Bengt Saltin. Oxygen uptake during
maximal treadmill and bicycl. exercise. Journal of Applied

Physiology, Vol. 26 No. I January 1969.

Herrald, F.J.C. and J. McMichael. Determination of lung
volume: A simpde constant volume modification of Christies
method. Proc Roy, Soc., Series B, 126: 491-501, 1939.

Hettinger, T.,N.C. Birkhead, J.M. Horvath, B. Issekutz and
K. Radahl. Assessment of rhysjcal work capacity. J.
Applied Physiol, 16: 153-i56,1961.

" Hill, A.V. Muscu}ar Act1v1ty ThemW1111aﬂ! and Wilkins Co.
Baltrmore, 1926

Hill, A.v.,C. N H. Long and H. Luﬁﬁbh Mﬁscular exercise
lactic acid and the supply and utilization of oxygen Part
I-III. Proc. Roy. Society London, S. B96: 438-475, 1924.

- Hill, A.vVv. and H. Lupton. Muscular exercise lactic acid

and the supply and utilization of ox%gg@. Quart of d..,
16: 135-141," 1923, e K =

Hollman, W. Hochst-und dauerlgslungsfahigkeit des
Sporlters. Munchen: Barth 1963

Howell,H.’J Moncrief, and W.R. Morford. Relationship
Between Human Buoyahcy Meai&%ﬁ Specific Gravity and
Estimated Body Fat in Adult¥YMales. Research Quarterly, 33:
400, 1962.

+ Ikae, -M.H. Kagaya, S. Yoshazama, and K. Kakgawa.
Physiological Significance of Endurance in Distance and

Marathon Runners. Journal of ;Sports Medicine and Phy51cal
Fitness, 6: 158-162, 1966.

Karlssen,J.,L. Nordesjo, L. Jorfeldt and B. Saltin. Muscle
Lactate, ATP and C.P. Levels During Exercise after Physical
Training in Man. Journal of Applied Physiology, 33: ~
199-~203, 1972.

Karvonon, M.J., and A.J. Barry. Physical Activity and the
Heart. Springfield Illinois: Charles C. Thomas, 1967.

82



Katch, F.I.,E.D. Michael and S.M. Borvath. Estimation of
Body Volume by Underwater Weighing. Description of a
Simple Method. Journal of Applied Physiology, 23:
811-813, 1967.

Kay, C. and R.J. Shephard. On muscle Strength and the
Threshold of Anaerobic Metabolism. Internationg} Zeitschuft

angwanalt Physiologie unscliche Aebeitsphysiolqgig, 27:
311~328, 1969.

Keul, J.,E. Doll,and D. Keppler, Muskelstoffwechsel Die
Energiebereitstellung un Skeletmuskel als Grundlage suner
Funktion. Muchen: Barth 1969.

.
Keul, J.,E. Doll, D. Keppler, and H. Reindell.
Interwaltraining und .a anaerobe Energiebereitstellung.
Sportarzt u. Sportmedizin 18: 493-496, 1967.

Keys, A. and J. Brozek. Body Fat in Adult Man. .
Physiological Reviews, Vol. 33: 245-325, July 1953,

el

Kindig, L.E. Estimation of body fat of college women from
densitometric and anthropometric measurements. A paper.
presented to the National Convention-of the American
Association for Health, Physical Education and Recreation,
St. Louis, Missouri, April 1968.

Klausen, K.B., Rasmussen, J.P. Clausen and J. Trap-Jensen.

Blood Lactate from Exercising, Extremities Before and After
Arm and Leg Training. American Journal of Physivlogy, 227:
67-72°, 1974, :

Knehr, C.A., D.B. Dill and W. Neufeld. Training and its . .“
Effects on Man at Rest and at Work. American Journal of

Phxsiologx, 136: 148—156,‘j942.

Lim, J.P., and U.C. Luft. Body Density, Fat and Fat-Free
Weight. Journal of the American Medical Association, 39:
825-832, 1961. , \\ B

Loring B. Rowell,Henry L. Taylor and Yang Wang.
Limitations of Prediction of Maximal Oxygen Intake.
Laboratory of Physiologica. Hygeine and Department of
Medicine, University of Minnisota, Minneapolis, Minnesota.

Lundin, A. and B. Saitin. Oxygen demands of Swimming. I1
Med. Scient. Confi of Fina, Bublin 1971,

Macnab, R.B.J., P.R. Conger and P.S. Taylor. Differences
in maximal and submaximal work capacity in men and women.
J. Appl. Phsiol, 27: 644-648, 1969. )

L

83



Maksud, Michael and Kenneth D. Coutts. Comparison of a
continuous and discontinuous graded treadmill test for
maximal oxygen uptake. Medicine and Science in Sports,
Vol.3, No.2 63-65, 1971. ‘

HcArdle, William D., Frank 1. Katch and Gary S. Pechar.
Comparison of ntinuous and discontinous treadmill and-
bicycle tests fer max VOy. Medicine and Sc1ence in Sports,

“§ol.5, No.3 156-160, 1973.

Mitchell, J.H., B.J. Sproule and C.B. Chapman. The
Physiological Meaning of the Maximal Oxygen Intake Test.
Journal of Glinieal Investigation, 37: 538-546, 1958.

Motley, H.L. Comparison of a simple‘helidm closed with the
oxygen open-circuit method. for measuring residual air.
Amer. Rev. Tuberc, 76: 601-615, 1957. A

Hlyamura, Mikaru and Yoshivuki Honda. Oxygen intake and
cardiac output during maximal treadmill and bicycle
exercise. Journal of Applied Physic ogy, Vol. 32, No. 2,
1972, . . © b :

g ’

. Newton, T.L. Thé"'Assessment of Maximal Oxygen Intake.
. Journal of Sports Medicine and Physical Fitness, Vol.3,
00. 164-169, 1963.

Neilson, &.L., V. Bitsch, O.A. Larsen and F. Quaade. Blood
flow through human adipose tissue during lipolysis. Scand
J. Clin. Lab Invest, 22: 124-130, 1968. . ‘

Orth, R.D., W.D. O'Dell and R.H. Willidms. Some hormonal
effects on the metabolism of acetate-i-c¢'4 by. rate ad1pose
tissue. Am. J. Physiol, 198, 640-644., 1960.

Rasch, Philip J. Max1ma1 oxygen intake as a pred1ct1on of
performance in running events. J. Sports Med., 14, 1974.

Rathbun, E.N. and N. Pace. Studies on Body Composition,
The Determination of Total Body Fat by Means of the Body
Specific Gravity. Journal of Biological Chemisgtry, 158:
667~676, 1945. . k .

Robinson, S. Metabolic Adaptions to Exhausting Work as
Affected by Training. Americaf Journal of Physiology, 133:
428-429, 1941, AR

Robinson, S. and P.M. Harman. The Effects of Training and
of Gelatin ypon certain Factors which Limit Muscular Work.
American Journal of Physiology, ™31: 161-169, 1941.

84

¥

*

Ly




Saltin, B. RAerobic Work Capacity and Circulation at
Exercise in Man. Acta Physiologica Scandinavica, 62
(supple. 203), 1964.

Shephard, R.J. The Prediction of Maximal Oxyden Consumption

Using a New Progressive Step Test. Ergonomics, Vol. 1,
1-15, 1967.

Shephard, R.J., C. Allen, A.J.S. Benade, C..M. Davis, P.E.

DiPrampiro, R. Hedman, J.E. Merriman, K. Myhre, and'R.

S;-dns. The Maximum Oxygen Intake. Bull Wld. Hlth Ora.,
o T97-764, 1968. ! o

Shﬁﬁhard R.J., C. Allen; A.J.S. Benade, C.T.M. Davies,
P.E. DiPrampiro, R. Bedman, J.E. Merriman, K. Myhre and R.
SImmons. Standardization of Submaximal Exercise Tests.
Bull wWld. Hlth. Org.; 38, 765-775, 1968. :

Stamford, Bryant A. Maximal oxygen uptake during treadmill
walking and running at varlous speeds. J. Appl. Physiol.,

~ Vol. 39, No. 3, 1975.

Szogy, A. and G. Cherebetiu. A l-min. Bicycle Ergometer
Test for Determlnatlon of Anaerobic Capac1ﬁy. European J.

Taylor, H.L., E. Buskirk and A Henschel. Maxima' oxygen
intake as an objective, measure cardio- respiratory -
performance. J. Appl. Physiol., 8: 73-80, 1955.

Vendsalu, A. Studies on adrenaline and‘noadrenaiinefin
human plzﬁma. *Acta Physiol. Scand. Suppl., 173:
57-69,1960. o

Von Dobeln, W. Human St&ndsrd and Maximal Metabolic Rate-
in Relation to Fat Free Body Mass. Acta Physiol. Scan.,
1956. / ‘ !

Vol. 37: (supple) 1126,

Welch, B.E., and C.E. Crisp. The Effect of the Level of
Expiration .on Body Density Measurement, U.S. Army Medical
Nutrition Lab Report, 207- 1-5, 1951 :

Wlllians, C. G.,C H. Wyndham, R. Kok, and M.J.E. Von

Rahden. Effect of Training on Maximal Oxygen Intake and on
Anaerobic metabolism in Man. Int Z. angew, Phsiol,
eingchl. Arbeitsphysiol, 24: 18-23, 1967.

¢

85



86

Wilmore, J.H. The Use of Actpal Predicted and constant
residual volumes in the assessment of body composition by
underwater weighing. Medicine and Science in Sports,
Vol.l, No. 2 81-90, 1969. -

Wolkow, N.J. and B.A. Stehin. Das Training der bisten
Eesschnellaufer de Welt (Russ) Moskau. Fiskultura u Sport,
1970.

Wyndham, C.H., N.B. Strydon, J.S. Maritz, J.E. Morrison,
J. Peter and 2.0. Potguter. Maximal Oxygen Intake and
Maximum Heart Rate During Strenuous Work. Journal of
Applied Physiol, 14: 927-936, 1959.

Wyndham, C.H. Submaximal Test for Estimating Maximal Oxygen
Intake. Canadian Medical Assoc. Journal, 96: 736-742,
1967. _




APPENDIX



~

A

X HEIGHT IN CENTIMETERS

190
189
188
1?7
186
185
184
183
182
181
180
179
178
177
176

COMPARISON OF HEIGHT MEANS BY POSITION

FIGURE 10

87

ing
Backs

Centre
Backs

POSITIONS

ivot

Win




88

FIGURE 11

&

X WEIGHT IN KILOGRAMS

89
88
B7
86
85
84
83
82
81
80

79 -

78
77
76
75

COMPARISON OF WEIGHT MEANS BY POSITION

%ing Céntre Pivots ing
Backs Backs

POSITIONS



-

AEROBIC CAPACITY ml/kg/min

»

61
60
59
58
57

56

55
54
52
51
50

49

48
47
46

FIGURE 12

COMPARISON OF MEAN AEROBIC POWER BY

S O S N P

POSITION

L ]
A
ing Centré Pivot ‘é?hgs
Backs Backs '

- POSITIONS

89



REVOLUTIONS PER MINUTE

- RN} PN . - P .
o Rt l,'u‘-wrﬂ o Wk
Cor e b S W e s A oy
LR T ‘@}5“{* i AR

FIGURE 13 M

~

COMPARISON OF MEAN ANAEROBIC CAPACITY BY POSITION

/'/ | )

116 : {

115

114 _

13 _

12 _ ’

11 b

110 _ o
109 _ p

108 _ ’ : :

107 _| ‘ A

106 S .

105 _ | - ok
104 | oo I
w03 | @*“ I
102 B

0 N 1%{ : . " o .
~ Wing “Centre Pivots 2 WIng& -

Backs Backs

POSITIONS

v



PER CENT BODY FAT

16

15
14
13
12
LR

@ v

N W e g

FIGURE 14

COMPARISON OF MEAN PER CENT BODY FAT BY POSITION

*lng " Centre Pivots Wing
Backs Backs .

POSITIONS

o )

91



430
425
420

415

FIGURE 15

N)

COMPARISON OF MEAN DISTANCE JUMP BY POSITION

#Tng

Backs

Centre
_Backs

" POSITIONS

i *gfvoi

Wing

92



JUNPING HEIGHT IN CENTIMETERS

COMPARISON OF MEAN VERTICAL JUMP BY POSITION (in cm.)

FIGURE 16
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10M SPRINT TIMES (sec)

)

'COMPARISON OF MEAN 10m SPRINT TIMES BY POSITION
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40M SPRINT TIMES (sec)
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COMPARISON OF MEAN 40m SPRINT TIMES BY POSITION
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29.0

SHOT VELOCITY IN METERS/SECOND
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FIGURE 19

COMPARISON OF MEAN SHOT VELOCITY BY POSITION.
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TABLE XII
AEROBIC TEST MEANS ACCORDING TO POSITION PLAYED
R Y
.  OVERALL
GROUP = TEST 1 - TEST 2 TEST 3 ngzxn TEST 5 X
WING- X=54.9 X=55.6 X=51.2 X=49.65 - X=49.4 - X=52.15
BACKS S= 6.6 S= 3.73 S= 5,04 S= 5.06 S= 5.97 S= 2.92
WINGS  X=54.3 X=52.9 X=50.50  X=50.05 X=51.58 X=51.58
S= 5.09 S= 6.79 S= 5.37 s= $89  S= 4.03 S= 1.92
PIVOTS ' ¥=50.95  X=52.60 X=50.50  X=49.95 X=48.50 X=50.50
s= 1.77 S= 4.95 S= 0.42 S= 0.35 _ S= 1.13 S= 1.49
CENTRE- ¥=60.3 ¥=57.90  X=50.00 = X=54.85 X=53.40 X=55.30
BACKS S= 3.68 - S= 3,54 S= 0.99 ST 1.48 S= 1.41 S= 3. 9%
I/'
/
-
, ,
2



98

¥

S= 12.73

S=absent

TABLE XIII -
ANAEROBIC TEST MEANS ACCORDING TO POSITION PLAYED
, : OVERALL

" GROUP TEST 1 TEST 2 TEST 3 TEST 4 TEST 5 X
WING- X=101.25 X=106. X=106.25 X=106.25 X=108.88 X=105.85
BACKS s= 2.75 = 4.97 S= 5.55 S= 9.00 S= 3.79 S= 2.81
WINGS X=106.5 X=109. X=105. X=106.75 X=107.25 X=106.90
S= 4.95 = 1.41 S= 4.24 S= 3.89 S= 1.77 S= 1.44
. PIVOTS X= 98. X=109. X=101. X=106.25 X=107.25 X=104.30"
‘ S= u." S= 7.07 s= 0.0 §S= 0.35 S= 1.06 S= 4.61
. CENTRE- X=105. X=109. X=absent X-105.25 X=105.25 X=106.13
BACKS S=  9.9¢C 5= *0.25 S= 7.42 S= 1.95



TABLE XIV

PER CENT BODY FAT ACCORDING TO POSITION PLAYED

99

: ‘ OVERALL

GROUP TEST 1 TEST 2 TEST 3 TEST 4 TEST 5 X
WING- X= 89N, X=10.44 X=11.77 X=10.28 X=10.36 X=10.35
BACKS S= 3.08 S= 3.25 S= 3.36 S= 2.70 S= 5.01 S= 1.01
WINGS  X= 5.44 X= 6.63 X= 5.26 X= 6.9 X= 5.67 X= 5.99
S= 2.04 S= 0.14 S= 1.85 s= 2.62 S= 2.31 S= 0.75
PIVOTS X= 8.78 X= 9.21 X=10.89 X=10.38 X=10.62 X= 9.98
S= 5.2 S= 6.25 S= 6.54 S= 6.6% S= 4.98 S= 0.93
CENTRE- X= 8.20 X= 7.69 X= 9.20 X= 9.81 X= 8.83 X= 8.75
BACKS S= 1.98 S= 3.83 S= 0.64 S= 0.78 S= 0.04 S= 0.83
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TABLE XV

100

DISTANCE JUMP (in centimeters) ACCORDING TO POSITION PLAYED

-
{) OVERALL

GROUP TEST 1 TEST TEST 3 TEST 4 TEST 5 X

\\

WING~- X=375.3 i=;j7.2 X=380.1  X=363.2 X=379.7 X=375.1
BACKS S= 9.39 s= 17.9 S= 11.9 S= 15.4 S= 15.5 S= 6.9
WINGS X=421.6 X=400.1 X=419.1 X=426.7 X=422.3 X=418.2
S= 14.4 S= 5.4 = 27.0 Ss= 0.0 S= 8.1 S= 10.4
PIVOTS X=375.9 X=374.7 X=384.5 X=383.5 X=374.7 X=378.7
S= 32.2 S= 20.5 S= 30.1 = 25.2 S= 19.8 = 5.0
CENTRE- X=402.6 X=398.8 X=absent X=403.9 X=407. X=303.1
BACKS S= 41.3 S= 53.9 S=absent S= 50.3 S= 31.4 S= |3.4
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TABLE XV1I

VERTICAL JUMP (in centimeters)

OVERALL
GROUP TEST 1 TEST 2 TBST 3 "~ TEST 4 TEST 5 X
WING- X=64.8 X=65.9 X=67.5 X=63.2 X=65.7 X=65.4
BACKS S= 4.5 S= 5,2 S= 5.54 S= 5.2 S= 4.9 S= 1.6
WINGS X=76.8 X=75.9 X=76.2 X=74.3 X=75.6 X=75.8
S= .89 S= .46 S= .00 S= .89 S= .89 s= .94
PIVOTS X=66.7 X=66.4 X=69.9 X=64.8 X=68.0 X=67.1
S= .89 S= 2,24 S= 1.8 8= .00 S= 2.69 sS= 1.91
CENTRE~ X=79.4 X=77.9 X=absent X=71.3 X=77.5 X=77.0
BACKS S=11.7 $=11.3 S=absent $=12.1 S=10.8 S= 2.6
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TABLE XVII

SPRINT TEST (in seconds)

102

- OVERALL

GROUP TEST 1 TEST 2 TEST 3 TEST 4 TEST 5 X
WING- %=1.85 X=1.86 X=1.88 X=1.83 X=1.83 X=1.85
BACKS $=0.07 $=0.06 S=0.094 S=0.10 $=0.03 S=0.02
WINGS X=1.73 X=1.74 X=1.77 X=1.74 X=1.74 X=1.74
$=0.01 S=0.04 S=0.03 S=0.02 S=0.01 $=0.02
PIVOTS X=1.89 X=1.91 X=1.90 X=1.88 X=absent X=1.90
S=0.16 S=0.13 S=0.11 S=0.140 S=absent S=0.01
CENTRE- X=1.79 X=1.80 X=absent X=1.84 X=1.84 X=1.82
BACKS S=0,07 S=0.13 S=zabsent S=0.11 §=0.03.

S=0.06



40m SPRINT TEST (in seconds)

. TABLE XVIII
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' OVERALL

GROUP TEST 1 TEST 2 TEST 3 TEST 4 TEST 5 X
WING- X=5.42 X=5.44 X=5.50 X=5,57 X=5.56  X=5.50
BACKS $=0.09 $=0.09 $=0.09 $=0.07 $=0.11  S=0.07"
WINGS X=5.20 X=5.14 X=5.21 X=5.29 X=5.26 X=5.22

$=0.08 S=0.11 $=0.06 S=0.04 §=0.07 S=0.06
PIVOTS X=5.62 X=5.58 X=5.62 X=5.63 X=absent X=5.61

$=0.32 S=0.23 S=0.25 $=0.25 S=absent 5=0.02
CENTRE- X=5.28 X=5.29 X=absent  X=5.41 X=5.44 X=5.26
BACKS $=0.26 S=0.34 S=absent  S=0,38 S=0.29 S=0.08
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TABLE XIX

 SHOT VELOCITY (m/second)

- OVERALL
GROUP ~ TEST 1 -~ TEST 2 TEST 3 TEST 4 TEST 5 X

28.48 X=28.41 X

WING-  X=28.06 X=28.66 X=29.13 X= =28.55
BACKS __ S= 1.46 S= 1.35 S= 1.30 S= 1.70 §= 1.42 8= 0.39
L ‘\‘ ‘ )
w;néé 2526.86 X=27.32 X=27.46 X=26..99 X=27.19 X=27.16
N S= 0.25 S= 1.10 S= 0.72 S= 0.56 S= 1.28 S= 0.24
- _ _ _ _ _ _

2 PIVOTS X=26.46 X=27.01 X=26.26 X=26.22 X=absent X=26.46
S= 0.08 S= 1.23 S= 0.82 = 0.59 S=absent S= 0.36

CENTRE- X=26.10 X=27.54 X=absent X=26.98 X=26.50 ¥X=26.53

Br¥Q S= 2.41 S= 1.75 S=zabsent S= 1,32 S= 0.99 S= 1.04



