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5 ' e 3
The purpose was to establish the validity, reliability

and objectivity of a field test of squash fitness) It

involved .running a prescribed pattern in a squash court

similat to that used in the CSRA fitness test. Thirty .

i

volux\;teer females performed an aerobic power test, an

anaerobic endurance test and three squash field tests,

Y

Correlation <coefficients were determined between the
laboratory tests and total repetition time, ‘drop-off index

and recovery heart rate of the field tests. Total

repetition time correlated with the VO max (r=-0.52,

% P<0.01) and anaerobic endur{ance (r=—0.63, P<0.01). The
; ( correlatioﬁ between recovery heart rate and VO ma>;" was

r=0.38 (P<0.05). The ‘test did not discriminate between A, B
! and C 1level players with respect to aerobic and anaerobic

fitness. Thus criterion related validity was shown but not_

w-vm::-m .

construct validity. Intraclass correlation coefficients of

0.89 and 0.94 attested to the reliability and objectivity of

the test. _ . . )
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Le but de cette etude etait de determiner la validite,
la fiabilite et 1l'objectivite d'un test pratique mes;xrant la
condition physique au squash. Ce test -impliquait des
deplacements rapides suivant ung parcours donne similaire a
celui utilise dans le test' de condition physique de la CSRA.
Trente volontaires de seke feminin ont participe au projet,
en se pretant, a un test de puissanc;e aerobic, un test
d'endurance anaerobic, et trois tests pratiques. Des
coefficients de correlation ont ete determines entre 1les
tests en laboratoire, et la duree totale de repetition,
1'index de diminuation et le rythme cardiaque di
recuperétion observes da‘ns les tests pratiques. Des
relations significatives ont ete calculees entre 1la duree
totale de repetition et le VO max (r/=—0.5'2, P<0.01) et
l'endurance anaerobic (r=-0.63, P<0.0l). La relation entre
le rythme cardiaque de: recuperation et le VO max a ete
calculee a r=0.38 (P<0.05). Le test n'a pu distinguer entre
les joueuses de' calibres A, B et' C en rapport avec le niveau
des systemes energetiques aerobic et anaerobic.
Consequemment, la Yalidite interne du test a ete etaplie,
pendar;t: mqlue la validite externe n'a pu etre demontree. Des
coefficients de correlation intra—-classe de 1l'ordre de 0.89
et de 0.94 attestaient de la fiabjlite et de l'objectivite

du test.

.
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CHAPTER I ‘
INTRODUCTION
During the“20th century, squash has achieved great
popularity in many parts of the world. The game of squash
originated with the ancient Egyptians agd-by 1850 the birth
of "squash racquets" was a( facte(Horry, 1978). The Eirst
national squash championships’were held in the United States
in 1907. The first Canadian championships oécured in 1912
followed by the British national championships in 1922.

While the official -game of squash was a Britisﬁ invention,

. both Canada and the United States had published formal rules

and court specifications for the North American (hard ball)
game many years before any rules were formalized in Great .

Britain for the international (soft ball) game (Stewart,

'1979).

Squash is an easy game to play ; it is a difficult game
torplay well. ‘Despite its complexity, the game is one of
the world's fastpst. growing sports (Zuber, 1980). The
popularity of the sport has to-do with thg health benefits
obtained from participating, as well as with a number of
faétors such as: 1) it can be pursued in any weather, day or
night, 2) a great deal of exercise can be gained in a short
time, 3) equipﬁent is s comparatively inexpensive and 4) a
number of courts can be bpilt in a small area (Zuber, 1980).

Participation of squash in (Canada has increased’ in

recent years. Many organizations have been founded in order

to further develop the game. The Canadian Squash Racgquets
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Association (CSRA) is the national organization, while
organizations such as Squash Quebec and Ontario Squash offer
léadersqip at the provincial.lével. ’

The Quebec Squash Racquets Association was formed in

the late 1920's. At that time .only half a dozen clubs:

existed in Quebec. The growing interest in squash has led

B2

to the establishment of 46 clubs in Quebec including 185
court§/§nd ove¥ 20,000 amateur squash players and officials

. (Quebec Squash, 1983). L ’

> hd
: .. o Y

As.in all _forms sf exercise, physical fitness is very

Lo
.

-

Cew S " important for successful participation in squash, as well as
for the enhjoyment of the game (Sharp, 1977, 1978a; Farr, .

1980; CSRA, 1982). This is true for recreationalxsquash

1 players as well as national and international calibre
A - players. . (/‘<§3

The evaluation of physical fitness, as it relates to

sport performance, has been a major topic in the applied

——rtm— 3

area of sport physiology for many years. A number of tests
have been devised° in order to measure physical fitness
’ components specific to éi;ferent activities. They include
laboratory tests using sophisticated equipment as well as

field tests in which the investigator attempts to simulate

: actual activity patterns. For sctentific acceptance of
these tests,'their validity, reliability and objectivity

- must be established. ' It is important to determine whether a’

B e

test evaluates 'what it purports to measure, is dependable

\ and i$§ objective.
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fj, - 1.1 Nature and Scope of the Problem ‘
\ The nature of the géme of équash is sucp that it
requires repeated short bouts of work interrupted by short
' periods of active rest. This specificspattern of actiyipy
results ié a series of unigque physiological adaptations

»

which are associated with it.‘

Several squash authorities have commented on the nature
of the game ang cpnsequently have identified the important
factors that are necessary for successful parti;ipation in
the sport (Griffiths, 1978; ‘Sharp, 197éa; Zuber, 1980).
Whereas different characteristic®s are cited by‘ these

. ' authors, one quality is found in every 1list: FITNESS.
Altﬁouéﬁ it has various connotations, physical ¢fitﬁess can

( be defined, 1in general terms, as th; capacity to " meet
present and potential physigql.chailenges of 1life with

success (Lamb, 1981). A‘ health oriented definition, as

stated by Clarke (1976), describes physical fitness as the

ab%lity to carry out daily tésks wifh vigor and alertness,

without .uridue fatigue, and with ample energy to eﬁjoy'

leisure-time pursuits and to meet unforeseen emergencies.
DiGennaro (1974) states that physical fitness ‘consists of
three components: lean body weight, neuromuscular
efficiency;fand cdrdiovascular-respiratory efficiency. Farr

- (1980) defines fitness as a 'global' term consisting of

strength, speed, stamina, suppleness and agility.

7
=)

Recent 1literature on various sport activities supports
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the notion of specificity in the assessment of physical
fitness. In general, when)devising a training program
and/or assessing physiological parameters, one must
establish the relative importance of the various energy
gystems for the sport. Investigators have expressed varied
positions regarding the conE;IBution——of specific energy
systems for the game of squash. For example, Brbadhead
(1967) and Sﬂgrp'1l977) described physical fitness in term§
of aerobic power. Sharp (1978c) acknowledgéd the importance
of -the anaerobic lactic acid s§§tqm but in a later
publication, Sharp (1979) concluded that squash is a
predominantly aerobic activity.

Physical fitness asigssments can assist the coach and
athlete if the evaluation 1is specific to the sport. The
results may revéal strengths and weaknesses which can be
used to guide the - athlete's training. Laboratory tests
using simple as well as sophisticated equipment have been
conventionally used for the measurement of physiological
variables. In many instances it 1is possible to obtain
valid, reli?ble and objective measures in competitive
conditions with the use of field tests; which, when
carefully constructed, are no less scientific than the more
traditional laboratory tests (éeed, 1982). Reed states that
field tests should not replace the laboraéory tests but
should compliment the laboratory findings.

L4

Recently, in an effort to improve the fitness trainirdg
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of .national team memberé, the CSRA commissioned the
development of a squash specific training program (CSRA,
1982). The fitness requirements of squash were assessed
using time-motion analysis. Since the rallies wvaried from
10 to 25 seconds in length and were performed at high
intensities, it was concluded that "... the squash player

depends heavily on the anaerobic energy system. At the same

time, high level players can  tolerate these rallies quickly

removing lactic acid and demonstrating rapid heart rate

recovery. These phenomena indicate a reliance on the

‘aerobic system" (CSRA, 1982).

As part of the CSRA training program, a field fitness
test specific to squash patterng was developed (CSRA, 1982).
This on-court fitness test (six-point test) was based on 10
criteria recommended in the Canadian Association of Sport

Sciences (CASS) manual (1982), Physiological Testing of the

Elite Athlete (Appendix B). Time-motion studies were

-

conducted during geveral tournaments involving players of
different 1levels (CSRA, 1982). From these data, ¢the
'six-point test pattern was developed in which diagonal and
lateral movements were established ;(figure 3.1, p.48). The
pattern was designed to last about 20-25 seconds and provide
approximately equal tecoyery time before the next repetition

was 1initiated. Each pattern was repeated six times, 40

seconds apart, in order to tax the anaerobic system. At the-

end of the sixth repetition, recovery heart rate data were

A~

A
ey
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recorded for assessment of aerobic fitness (A.Reed, personal
communication, September 17, 1984).

The literature on intermittent exercise, suggests that
the critical factor for the subsequent pattern of energy
system utilization is the length of the work periods. Thq
duration of the recovery pause is reported to be of
secondary importance (Astrand et al., 1960a; Edwards et al.,
1973).

Contrary to the CSRA data , previous time-motion

studies of squash matches revealed different values

(Docherty and Howe, 1978; Beauchamp, 1980; Montgomery et

al., 1981; Constantinides, 1984). 1In these studies an
exercise to recovery ratio of 1:1 was reported.
Discrepancy, however, exists with respect to the 1length of
the work and rest periods.

Because of these findings, this study proposes to
examine a modified field test of squash fitness which will
more accurately simulate the specific time patterns of
squash play. This test utilizes a similar court pattern to
that developed for the CSﬁA test but provides for a reduced
work‘and recovery time to replicate game conditions. The
deviation from the CSRA test is suggested because of the
importance of task speci?icity in the utilization of a test.
Its validity, reliability and objectivity must be
established before the test can be used in évaluation and/or

prescription of training regimes.

o

.
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1.2 Significance of the Study

Fitness . evaluation can be useful in recognizing an
athlete's potential, in predicting future performance and in
mopitoring an athleté's training program (CSRA, 1982).
Laboggtory tests, as well as field tests, provide a variety
of measurement techniques from which investigators may
proceed. The CSRA (1982) developed a six~-point squash
fitness test based on time-motion analysis of squash matches
but the duration of the work intervals in this test is not
consistent with those reported in actual squash matches by a
number of investigators (bocherty and Howe, 1978; Beauchamp,
1980; Montgomery et al., 1981; Constantinides, 1984).
Consequently, the CSRA test does not appear to satisfy séﬁe
of the criteria proposed for field tests in the CASS manual
(Appendix B). Simulation of game conditions is not
reproduced accurately since the average duration of a game
r;lly is shorter tpan the duration of the work intervals in
the CSRA squash test. Furthermore, if the work periods of
the CSRA test are too long, then the intensity of the test
places higher demands on total energy expenditure resulting
in prolonged recovery. ‘

It is therefore proposed that a new test be developed
in order to réplicate the work periods during an actual
squash match. It is believed that the modified test yill be
more representative of the actual length of game rallies for
the majority of competitive players. Even though the CSRA
test was originally designed for elite squash players, thg

[3
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CSRA recommends .its use for all levels of players. Its
application to a° broader population is questioned. " If the
validity, reliabzlity and objectivity of the modified test
can be eékablished, the test should have a broader

application than the existing CSRA test.

1.3 Statement of the Problem
The purpose of this study is to establish the validity,
reliability and objectivity of a field test of squash
fitness. The study will/ therefore seek to confirm the
following hypotheses: {
1) A statistically significant correlation will exist

between the recovery measurement from the modified £field

test and the aerobic power laboratory test (\'IO2 max values).

2) A statistically significant correlation will exist’

between the performance times (total repetition time and

drop-off index) from the modified field test and the

ranaerobic endurance laboratory test.

3) The modified test will discriminate between squash
players of varying squash ability (A, B and C players).

4) A statistically significant and positive correlation
will be found between test-retest scores of the modified
test of squash fitness.

5) A statistically significant correlation will be found
between the test results of two investigators. .

The first and second hypotheses will test criterion

related validity while the third hypothesis will test

!

J
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construct validity. Reliability will be verified in the
fourth hypothesis and objectivity will be examined in the
last hypothesis.

A [ o ‘
N

1.4 Operational Definitions

International court (English): the official court in which

squash is played in most countries of the world. 1Its length
is 32 ft (9.75 m) and its width is 21 ft (6.10 m) as
compared with the American court in which the length and
width are 32 ft (9.75 m) and 18 ft (5.49 m), respectively.

&
T spot: the intersection of the short line and half court

AY

line on the floor of the squash court. This spot is six

feet (1.83 m) behind the midpoint of the court.

'A' level player: one who is placed in the A diviéion by the

9
Quebec Squash Association and/or has played during the

previous year in at least one A 1level tournament organized

by Squash Quebec.

'B' level player: one who is placed in the B division by the

Quebec Squash Association and/or has played during the

previous year in at least one B 1level tournament organized

by Squash Quebec.

pen v

» e e Yy 1Y
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'C' level player: one who is placed in the C division by the
Quebec Squash ’'Association and/or has played during the
previous year in at least one C level tournament organized

by Squash Quebec.

Construct validity: is concerned with the extent to which a

s L]
particular measure relates to other measures consistent.with

theoretically derived hypotheses concerning the concepts (or
constructs) that are being measured (Carmines and Zeller,

1983).

Criterion related validity: compares test or scale scores

with one or more external variables, or criteria, known or
believed to measure the attribute under study (Kerlinger,

1964).

’
-

Reliability: the extent to which a test or any measuring

procedure ‘yields the same results on repeated trials

(Carmines and Zeller, 1983).

v

Objectivity: an estimdtion of rater reliability (Baumgartner

and Jackson, 1975).

Maximal Anaérobic Endurance: the run time during a short

exhaustive run on the treadmill set at 188 m/min with a 20%
grade (Cunningham-and Faulkner, 1969).

28
H
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Maximal Aerobic Power: the highest level of oxygen

consumption which can be consumed per unit of time by a
person during a progressive exercise test performed to the

point of volitional exhaustion (Thoden et al., 1982).

Lo d
Total Repetition Time: the sum of the six repetitions in th§

six-point squash fitness test and the sum of, the 10

repetitions in the modified test of squash fitness.

\

Drop-off index: the difference between thl fagtest

repetition time and the slowest repetition time.

1.5 Delimitations _

This study was delimited in the following respects:

1) Only female players from the Montreal area served as

o

~

subjects.

2) Three levels of squash ability (A, B, C level players)
were represented by 10 subjects from each category.

3) The 30 subjects ranged in age from 19 to 42 years.

4) Data were collected during the middle p;rt of the

competitive season. s




(iz ' 1.6 Limitations
1) No attempt was made to control the diet pattern of the’

subjects in this study.

3

2) No attempt was made to control the exercise pattern o.‘Eﬂq
the subjects in the study. )

3) Throughout the tests, wafm—up procedure was not
standardized. (§ubjects_were, however, encouraged to warm-up
either by stretching and on court-running, or by hitting.the

ball for four to five minutes in the court. ;
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The review of literature is divided into five sections:

£ ]

2.1 Nature of the Game "

2.2‘Energy System Utilization
2.3 Racquetball, Similarities and Differences e

——

2.4 Physiology of Intermittent Exercise

a

2.5 Field Tésts in Squash
2.1 Nature of the Game

The game of squash racquets has éhanged considerably in
the 1last one hundred years. Thg rules have undergone
certain modifications and the use of the soft ball has been
adopgsé_by nearly ever; squash playing country in the world

]
(8wif€, 1980). Squash has gained popularity because of its

appeal to a wide range of persons. It has become the game

of the '70s and the '80s. In a period when the pressures of

modern life demand a game which gives maiimum exercise in
the minimum time, at a reasonable coét, at any t&me of day
and in any environmental conditions, the game of squash
racquets appears to meet these criteria (Hawkey, 1979;

Zuber, 1980).

= According to Sharp (1978b), sguash 1is a 'very high

energy expending sport (15 kcal/min or 63 kJ)¢ MOntpetit et

al.(1977) state that a _squash player expends approximately

12.25 kcal/min (51 kJ). Both studies provide a-high value



-
PRERC s e

v e —

P ' 14
in,terms'of energy expenditure per unit of time. According
to- McArdle et al.(1981) squésh is classified as an activity
ianlving "unduly heavy" energy expenditure. N

, The reldtionghip between playing ability and the
physical demands of a sgwash workout has been studied by
several investigators. Montpetif et al. (1977) emphasized
the importance of matcping players of equal ab}lit} if both
participaqts are to obtain a good éardiovascular workout,

Docherty and Howe (1978) also investigated the heart

hE TN
rate response of squash players during a 305minute game

against an opponent of equal ability. Thirty male subjectét

were divided into three groups according to skill level:
highly skilled ('A' level tournamént players), medigm
skilled ('C' 1level tournament players) gnét low skilled
(players with ho tournament experience). They concluded
that the physical demands of blayiﬁg squash were independent
of the skill level of the participants. The similarity in
the physicala demands of 30 m%nutes of squash play between
the different skidl groups suggested that the high skilled
and medium skilled groups haveldeveloped efficient’ stroke
production, better court-coéeraée and superior anticipation

over that of the less skilled players (Docherty and Howe,

1978) . Since squash 1is played within a ﬁalledicourt in

-

which there is considerable margin for error, a stroke can

be poorly executed but still remain in-play. The error

margin coupled with poor anficipation and the inefficient’

.

movements of beginner players méy be responéible for the

(V.S

T U
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~ similarity in the stress levels of the low skilled group

wﬁen compared to the ‘gedium  and high skilled groups
(Docherty and Howe, 1978). .

*Wh‘ile a winning performance may have numerous
components . (such as those cited previously), Broadhead
(1967) claims that two variables outweigh all others when
determining the outcome of a squash match. The;e variables
aré, the ability of the player to keep the ball in-play by
being able to reproduce a fa.nge of accura'te,st.:rokes and, the
ability of the player to complete the mat.ch thrbu.gh superior
physical condition. ) ‘

In his study, Broadhead ulsed 39 successful American
players. The subjects were grouped by rankings: 1)
nationally seeded playérs, 2) nationally ranked but unseeded

players, and _3) nationally unranked players. He measured

their scores on the Broadhead rebound test and a step test.

¢ - ]

Stroking ability was de‘fined in terms of grip, backswing,
pr%paration, contact of the ball .and body position., A step
test was used to assess fitness since the abi}ity to recover
aftér» a bout of exercise se?mea particularly impo‘rtant. It
was ‘concluded that the reproduction of a; range of accurate
strokes and superior, physical c¢ondition accounted for a
large proportion of'the variance. Furthermore,. béth gest;s
{iisc'riminat,ed between the different levels of players.

From these two . variables stéms Broadhead's
classification of squgsh players as "good strokers" and/or

"retrievers". The ‘"retrievers" rely 'on their ability to

+
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move very efficiently on ‘a continuous basis, while the "good
strokers" rely on their abil’ityt to produce a variety of
precision strokes with great consistency. This no doubt
accounts in part for the wvariability among squash champions
in terms of style as well as age. For example, Hashim Khan

dominated the British game of squash racquets from 1950 to

1962 and in 1963, at age 54, won all the major, U.S

-

championships. Experts refer'

to him as the "master™ of
strokes. On the other hand, Jonah Barrington, a contender
for the British Open crown several times, has been described
as a "retrieéver” since his greatest asset was his ability to
get to almost any ball hit by his opponent. . A\

Racquet sports in general have alternating periods of
high and 1low work ir:tens’it_y. In squash, the exercise is
broken up by an approximate 10 second gap between rallies
(Shqrp,1979). In order to comprehend the nature of the game
of squash, particularly as a form of intermittent exercise,
various investigators have performed time-motion analyses by
which the game is broken down into various components.

The CSRA (1982) conducted time—motion studies on a
number of national level male and female players. These
studies indicated average rally lengthé ranging from 10
seconds to 25 seconds among players of i.nternational
calibre. An approximate 1l:1 work to recovery ratio _was
found to\ex\’ist. As a result of this _finding the six-point
test was developed (A.Reed, personal communication,

September 17, 1984).

/ ‘ ) :
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. Montpetit et al. (1977) investigated task analysis
during' 41 games of racquetball and squash involving
beginner, intermediate, -and advanced players. They
measured: 1) duration of a game, 2) number of hits by one
player during a game, 3) numbgr of hits per minute, ;nd 4)
percentage of active time. For squasH, the average game
duration was 6.5 minutes with the players involved 1in
rallies 65.6% of the game.— The players averaged 9.2 hits
per minute or 57 hits per game.

Docherty and Howe (1978) reported their time-motion
analysis data according to skill levewls.‘ They found mean
rally times of 8.8, 8.4 and 5.4 seconds for highly skilled,
medium skilled and low skilled players, respectivelyz

In another study -( Beauchamp, 1980) in which
physiological m’e;surements wer; taken during. racquetball and
squash matches, time analyses were also performed. A mean
rally time of 4.9 seconds was found for the game of squash.

)

The actual time that the ball was inTplay represented 43.7%

®

of total time. The subjects in the study were male players‘
of "C" level calibre. )

Montgomery et al. {1981) also examined time analysis
during squash play. They compared the heart .rate response
of 45 minutes of running with 45 minut@s of squash play.
Ten recreational squash players served as subjects. It was
reportéd that the :csquash ball was in-play 52% of the total

game time, aAnd the mean dugation of a rally was 7.7 seconds.

In this study a 1:1 work recovery ratio was observed.

M o+
b
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A pilot study was recently conducted during the Quebec
Open Squash - Championships held in Montreal
(Constantinidss, 1984)._ Matches involving women's A, B and
C level playgrs were recorded and measurements taken -‘in
order ‘to asséss the duration of the rallies (work periods)
and the time between rallies (recovery periods). Whereas
work periods as long as 34 seconds were rec&rded,. the
average work values for A, B, and C levels were: 6.5, 7.1
and 5.9 seconds, respectively. The mean values for the
recovery periods for the same levels were: 6.4, 7.2 and 6.3
seconds, respectively.’
With the exception of the findings by the CSRA, all the
aforéheptioned studies have found an average rally to be
less than :lg‘i?conds in duration. The importance of the

duration of the work and recovery periods is discussed in a

later section of this review of literature.

2.2 Energy System Utilization .

In any kind of physical activity, chemical energy must
be supplied to the tissues in order to observe some form of
biologic work (McArdle et al., 1981). Thefe are three
energy systems ‘which provide adenosine triphosphate (ATP) .
Adenosine triphosphate is the energy currency of the body.
The first two, ATP-CP and lactic acid (LA), ére considered
anaerobic. The third, the oxygen 'system (O ), is referred

to as aerobic. The ATP-CP system (or the phosphagen system)'

is extremely limited in its ability to produce large amounts

i
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of ATP (Fox 1979; Fox and Mathews 1981; Green, 1982). The
quantity of available ATP within the muscle has been.found
to increase with conditioning, while the CP values remain
the same after training (Karlsson et al., 1972). After the
fiFst few seconds of intense exercise other metabolic
pathways must predominate if ATP levels are to remain high.
The usefulness of the ATP-CP system lies in the rapid
availability of energy rather than in the quantity. Lactic
acid accumulates when there is an inadequate amount of
oxygen available at the cellular level. When the ATP-CP
system is. substantially depleted, ATP is produced through
the breakdown of glucose and glycogen into lactic acid (Fox
and Mathews, 1981).

Fox and Mathews (1981) have compared the percentage of
ATP contributed by the three energy systems in relation to
performance time or power output. In activities in which
the LA system is important, at least one of the other two
systems also is a significant contributor of ATP supply. It
is important to note that the three ene;gy syst?ms cannot be
thdught of as isolated processes which operate independently
during exercise; all three systems contribute concurrently
(Green,pl982).

A ﬁlmber of investigators have attempted to classify
activities according to the proportion of the energy systeﬁ
utiiization. Thoden et al.kl982) have partitioned work time

according to the relative contribution to the ATP supply of

each of the three energy systems(Table 2.1).
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Table 2.1: Work time partitioned to percentage aerobic/
anaerobic contribution
Maximum effort ATP-CP LA 02
of work (time) . (%) (%) (%)
5 s . — 85 10 5
10 s 50 35 15
30 s 15 65 20
1 min 8 - 62 30
2 min 4 46 50
4 min 2 28 . 70
10 min ¢ 1 9 s 90
30 min 1 s 7 95
) 1 hr 1 2 o8
2 hr 1 1 99

Thoden et al., 1982.

Fox and Mathews (1981) state that the ATP-CP system

dominates in activities less than 30 seconds in length while

the oxygen system is predominant in events exceeding three

minutes. Between 30 seconds and three minutes, the lactate
system combines with the ATP-CP system and/or the oxygen
system to provide the energy to perform the activity.
Several investigators have examined the energy systems
utilized in the game of squash (Blanksby et al., 1973;
Beaudin et al., 1978; Sharp, i978a, 1979 ; Montgomery et al.,
1981; CSRA, 1982; Northcote et al., 1983). 1In the CSRA
manual (1982), it was gtated that squash is an anaerobic
sport involving repeated, lengthy bursts of play with the
majority of the rallies longer than 10 seconds. . The manual

a

states that "high level players can tolerate these rallies

quickly removing lactic acid and demonstrating rapid heart-

rate recovery. This £fact indicates the involvement of the

aerobic energy system in the recovery periods" (CSRA, 1982).
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Berobic fitness appears to be an essential aspect of
fitness specific to squash. It 1is critical when performing
rel;tively high intensity work for as long as possible as
well as for rapid reco;ery* necessary between repeated bouts
of high levels of power output.
Wenger (1981) points out that aerobic fitness is not a

<

simple, unidimensional characteristic. He presents a model

in which aerobic fitness consists of many facets (Appendix
A). As a result, an individual's aerobic fitness will have
N

different components developed to varying levels. Of
Wenger's seven components.of aerobic fitness, the ability to
recover from high intensity exercise is of critical
importance in squ;sh since the aerobic energy system is
crucial for the replacement of high-energy substances
following\short bursts (5-30 s) of activity.

Sharp (1978a, 1979) states that the squash pattern,
that is, exercise being broken by the ending of the rallies,
enables one to describe squash as an aerobic activity but
with frequent forays into anaerobic territory. Hénce there
is a need for both anaerobic and aerobic fitness in squash.

Beaudin et al. (1978) conducted a study in which the
purpose was to measure blood lactate levels after exercise,
and to determine whether the activity of playing squash is
sufficiently intense to promote and/or maintain aerobic
fitness. Ten male subjects of intermediate squash ability

were used. Aerobic power andr lactate measurements were

recorded. Heart rates were monitored by telemetry
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;hroughout\the squash match and used to determine exercise
intensity. The average heart rate intensity was 77% of
maximum with the range being 71-90% of maximum, The mean

lactate value after a game of squash was 24 mg% (2.6 mmol/l)

with a standard deviation of 13.8 mg% (1.5 mmol/l). 1In most

cases, the amox;t of lactate produced after 45 minutes of

squash play was minimal despite relatively high intensities.
The authors conLluded that the 1lactic acid system did not
play a major role in the game of squash.

The involvement of tge aerobic system in squash is no£
readily apparent becausejbf the nature of the game. Squash
is an activity with periods of high and 1qw work intensity.
For discontinuous exercise to be considered as an aerobic
activity capable of effectively improving aerobic power, the
high intensity workloads must be 1long enough to bring the
average intensity up to 70% of maximum heart rate (American
College of Sports Medicine,1981).

The aerobic component ‘of the gamé has also been
examined by Blanksby et al. (1973). They studied heart rate
responses of middle aged sedentary, middle aged active and
'A' grade male squash players using 25 subjects in each

category. The maximum heart rates attained during the

activity were 170 beats min for the sedentary group, 153

beats min for the active group and 163 beats min for the

'A' level players. It was concluded that squash is an

activity providing prolonged and severe workloads.

P
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Méntgome;y et al. (1981) compared the heart rate
response of running and squash. The subjects were asked to
run 45 minutes at 4 self-selected pace and to play 45'
minutes of squash with a partner of equal ability. Heart
rate was'monitored by telemetry. The exercise intensity for
running was 84% as compared to 80% for squash. The authors
concluded that squash provides the same aerobic benefits as
a continuougs activity such as running. |

The heart rate intensities during squash play were also

examined by Northcote et al.(1983). The authors were

interested in finding out if there was any relationship

between the cardiovascular system and the cause of sudden
death during or shortly fafter squash. Twenty one male
players from Scotland f similar average ability were
monitored 45 minutes prior to the onset of the activity and’
for 45 minutes during the actual squash match. The maximum
heart rate during play was 170 * 16 beats - minlwith a range
from 144 to 197 beatsemin® . wWhen expressed as a percentage
of predicted maximum heart rate, as defined by Astrand and
Rodahl (1981), this represented a mean of 90 percent. The

mean heart rate during play (calculated every minute) was

1y which

-

149 + 18 beats: minl (range= 120 - 182 beats-.min
represented 80o% + 10% of predicted maximum heart rate. It
was concluded by the authors that squash was an extremely

strenuous activity.

Ll
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2.3 Racquetball, Similarities and Differences
. Racquetball is a game of very recent origin having been
deQeloped by Sobrek in Connecticut in 1958 (Reznik et al.i
/1972). Like squash it has -gained much popularity in recent
Aqiears. " Both activities are 'played indoors, within four
:wélls and both activities require the use of a racquet. A
standard siée racquetball court is 20 ft (6.10 m) wide, 40
ft (12.20 m) long, with a 20 ft (6.10 m) ceiling and 12 ft
X3.66 m) high back wall. \This is considerably larger than
an internétional‘or an American squash court. In addition,
the ball and the racquet used in the game of racquetball
. vary considerably from those used in squash. Since. many
individuals are turning to racquetball and squash as
alternative forms of exercise for developing or maintaining
a degree of physical fitness, several investigators have

\performed studies which deal with task analysis and the

\assessment of various physiological variables related to

raCQuef games (Docherty, 1982). o L
—

e~

energy expending sport. . They state that a racquetball
player expends 12.25 kcal/min (51 kJ); a value which  is

+» equal to that of a squash player. The authors performed

of the game. They determined that there were 140 hits per
game, or nine hits per minute, with the ball in-play 65% of

the total playing time.

task analysis in order to gain information on the éﬁﬁggnents'

Lo

Montpetit et al. (1977) describe racquetball as a hiéh'

i

e
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A study conducted by Mantgomery (%981) used nine male
.racquetball players classifizieas "A", "B", or "C” level
according to their performance in pgevioua%tournaﬁents. The
inveétigator observed 12 matches of "equal" competition ( A
zgainst A, B against B and C agaﬁnst c). Twelve matches
.were observed in which the observed player was "weaker" than
. the oéponent, and another twelve matches were played in
which the observed player was ‘"stronger" than the opponent.
It was found that in the matches in which the opponents vere
of equal ability, 813 of the rallies were 10 seconds‘tbr
less, 16% were between 11 and 20 segonds, and only 3% of the
ralligs were greater than 20 seconds in duration. In the
matches in which the opponents were of unequal ability,”85%
of the rallies were 10 éeconds or less, 13% were between 1l
and 20 seconds, and 2% were greater than 20 Seconds in
.duration. - It was concluded that racquetball matches are
longest when the players are of equal ability.. Table 2.2
provides detailed description of the results of the task

analysis in this study.
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Table 2.2: §ally duration and length as a perce‘ntage of -

total number of rallies

Ball Time Equal- ~ Unequal
,Poaxtlon {8) matches - matches
In-play 1-10 81 85
11-20 16 13
. > 20 - 3 2
In-play Total (%) 43 . a1z .
Average (3) 7.4 6.7
Out-of-play ° Total (%) 56 - 56
Average (s) 9.4 ] 8.5

Montgomery, 1981.

~Q

Time artalysis was recently conducted during singles and

doubles competition in racquetball by Morgans et al.(1984).

The duration of the rallies for singles competition was 8.6
seconds while for doubles competition it was 8.3 seconds.

The ball was out-of-play 9.6 seconds and 10.3 seconds for’

singles and doubles respectively. The ball was in-play 47%

‘of total time in the singles matches, and 45% of total time

during the doubles matches.

These results re-confirmed the

findings of Montgomery (1981). -

In an attempt to determine the intensity and caloric

cost of playing racquetball, Faria and Lewis (1982) reported
They stated that the-

ball was in-play 32% of total game time, considerabvly lower

than the times Teported in the previous two studies, and

that 90% of the rallies were shorter than 10 seconds. There

was no reference to the level of competence of the players.

1
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Inveséigators - have aisb attempted " to ., assess
‘physiological responses during racquetball activity.
'hontgoméry (1981) assessed the hearf rate response of
racquetbéil players. The subjects‘ (n=9) were ;onitored
during matches between players of equal ability, ohe player
stronger than the opponent and vice v;rsa; Only ‘one player
- was monitored ét a time. When the monitored player was
stronger, the heart rate intensity  was 70%, whereas, when
the monitored playér was weg&fr than the opponent, the heart
rate intensity was 90 percent. When the Ewo‘players were of
equal ability the heart rﬁfe intensity was 87 percent. The
. \ .

author concluded that even -though the heart rate response of

<

racquetbail players was high, the exercise intensity

estimated from this variable may be an overestimatioh of the.

¥ - v
actual intensity. Racquetball involves greater arm work due

. to the shorter racquet which causes an increase in the heart

rate response over and -above exercise just involving the

legs (Montgomery, 1981). The same author was involved in a
study in which heart rate responses during squash play were

assessed4(Beaudin et al., 1978). They reported heart rate

intensity values of 77 percent. The authors attributed the

s;igptly higher heéart rate values obtained during

racqueéball to the larger court size and “thg more vigorous

upper body movements in racquetball as compared to squash.
In an attempt to provide a physiolodical profile of 10

¥ .
professional ;acquetball players, Pipes (1979) described the

racquetball professional with respect to physique,’ body

.
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composition, muscular strength, flexibility and’
cardiovascular endurance. The VO mdx was found to be 58.3
ml/kg min, whilé the heart ratev intensity range ciuring
actual playing time, was between 78% and 92% of the maximum.

Faria and Lewis (1982) assessed the aerobic power of
racquetball players by comparing values obtained during
actual racquetball play with VO max during a treadmill
tést. T’hey reported a mean oxygen consumption value of 56%
of VO max during play. They concluded that the metabolic
responses during' racquetball play were consistent with the
physiologic responses to high intensity, short term work.

Morgans et al. (1984) monitored heart rates of 15
téacquetball players in singles and doubles competition.
During one hour singles matches, subjects attained an
average of ”83% of their maximum heart rate reserve (MHRR)
and played above 60% of their MHRR for 56Ocontinuous
minutes. During the double? matct\’}es, the players averaged
67% of their MHRR and playeé above 60% of their MHRR for 29
continuous minutes. The authors concluded that, ,although
doubles competition is not as strenuous as singles
competition, both forms of exfrcise develop and maintain
cardiorespi’rato;y fitness.

A number of conparative studies have alspo been
conducted among the various racquet sports (Montpetit et
al., 1977; Beauchamp, 1980; Docherty, 19823. Montpetit et

al. (1977) have compared racquetball and squash to tennis.

They state that a tennis player expends approximately 7.5
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kcal/min (31 kJ) as compared to 12.25 kcal/min t51 kJ)
during racquetball and squésh. They report oxygen
consumption values of 27 ml/kg-min for tennis as opposed to
35 ml/kg-min for'racquetball and squash. The authors :also
compared task analyses between racquetball and squash. They
filmed 41 oracquetball and squash matches involwving plwayers
of beginning, intermediate and advanced ability. ‘The
duratic?ﬁ of a squash match was significantly shorter than a
racquetball match (6:30 versus 15:30 minutes, ,respectively).
Two reasons could account for the above finding. First, a
squash match ends after 15 points (American game) while a
racquetball ) match is played to 21 points. Secondly, in
racquetball, only the server receives points while, in
squash, points are gained even when sérvice is won. Heart
rates were also assessed using telemetry. During squash the
mean heart rate was 167 beats - miriland 171 beats min! for
racquetball as compared to 143 beats-minlin tennis.

The physiological responses during racquetball and
squash were simultaneously observed during a study involving
16 racquetball and” 16 squash players of "C" ability
{ Beauchamp,1980). Oxygen consumption was measured by
indirect respiratory cqior~imetry. Time-motion analysis was
also performed. For racquetbaiﬂ.l, the mean rally time was
5.8 seconds as compared to 4.9 seconds for squash. Dt.;nng
racquetball the ball was in-play 49.6% of the tot/al’time and
43.7% for squash. The oxygen consumption dur-in; two matches

of racquetball was 28 and 27 ml/kg. min ( 52% and 50% VO,

!
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max) whereas, for squash, the oxygen consumption value was

31 ml/kg-min for two games ( 57% 602 max). Thig difference

in oxygen consumption between squash and racquetball was

found to be significant. Heart rate intensities during two
games of racquetball were 154 and 149 beats-miml and the
resp;ctive intensities for squash were 150 and 144 beais-
minl. Lactic acid concentrations were also measured before
and af}eg the games. Following the racquetball matches the
lactic acid value was 11.7 mg% (1.2 mmol/l) while the squasﬁ
value was 11.0 mg% (1.1 mmol/l). Both values were found to

be low.

The following tables summarize the squash and

racquetball studies reviewed in this section.
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Table 2.3: Summary of physiological variables for squash and racquetball i 7
§
Reference Sport n Calibre H.R. -1 H.R. VOZ VO
- " (beats min ) Intensity (ml/kg“min) maz Lactate
(%) (%) (mgyX)
Blanksby et al., sQ 25 Sedentary \ 170 : 97 - b= -
1973 25 Recreational | 153 86 _
. 25 'A' Level 163 84 i
Montpetit et al., SQ - Beg., Int., Adv, 167 - 35 - -
1977 RB ' 171 - 35 - -
Beaudin et al., sQ 10 Above average . 155 | m : - ST - 24.5°
1978 ' : . .
Docherty and Howe, SQ 30 High ‘ - 80 - - -
1978 Medium | - 85 . - - -
(\ Low Skilled S 80 L - -
Pipes, 1979 RB/ 10  Professional = . - 78-92 - - -
Beauchamp, 1980 /ﬁ 2  'C' Level ’ 147 - 3l 57 11.0
, 2 'C' Level 151.5 - - 27.5 51 11.7
Montgomery et al. ' sQ 10 Recreational 167 80 - - -
1981 ‘ . )
Montgomery, 1981 RB 9 A, B, C S
. - Bqual 5 173 87 A - - -
~ Stronger 146 70 ) - e -
- - Weaker o 0oo1eL 90 - v - -
Faria and Lewis, RB 20 - 0w ‘ - . - 38 96 -
1982 ' _ ’
Northcote et al., .—SQ 21 Average 170 80 - - -
1983 . K ‘-,_'3
Morgans et al., 1984 RB 15 Open, B, C T .
- Singles 161 83 - - -

- Doubles 145 .67 - - -
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Table 2.4: Summary of time-motion studies of squash and raéquet.ball

+

sy b ok B B o

Reference Sport n Calibre Rally length (s) In-Play (%)
Montpetit et al., 1977 SQ - Beg., Int., Adv, - 65.6
RB - 65
Docherty and Howe, 1978 SQ 30 High, 8.8 50
Medium,. 8.4 50
Low Skilled 5.4 50
Beauchamp, 1980 sQ 16  'C' Level 4.9 43.7
RB 16 'C' Level 5.8 49.6
Montgomery et al., 1981 sQ 10 Recreational 7.7 52
Montgomery, 1981 RB 9 A, B,C
-~ Unegual 6.7 44
CSRA, 1982 sQ - Elite 10-25 -
Faria and Lewis, 1962 RB 20 - 10 32
Constantinides, 1984 S0 - U 6.5 .
B 7.1 - ®
C 509 -
Morgans et al., 1984 'RB 15 Open, B, C
- Singles 8.6 47
- Doubles 8.3 45

L™
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2.4 Physiology of Intermittent Exercise

' Intermittent exercise is éharactqrized by repeated
periods of work interrupted by periods of active or passive
recovery. This pattern of activity requires a unique series
of physiological adaptations and allows a frequent

repetition of high intensity exercise stimuli which would

not be possible in other forms of exertion (Keul and Doll,

;21973). Many. investigators have examined the underlying

amgchaniqm of interval training since this particular
training tegi&e is based on the physiological adaptation to
intermittent exercise.

4 The LK adaptations vary depending on work to recovery
ratio as well as the duration »f each of these two
compbnents. The physiological adaptations to intermittent
exercise manifest themselves 1in terms of energy -system
utilization. 1In the literature on intermittent exercise,
attempts have been made to quantify the contribution ofvgfch
of these systems. In addition, the importance of mus;ie
myoglobin as an energy source has been mentioned.

A study by Christensen et al. (1960), examined various
physiological measures during continuous and intermittent
work. Two well trained maie subjects ran on the treadmill
with zero percent grade at a speed of 20 km/hr. Work
periods of 5, 16 and 15 seconds were used with recovery
periods varying from 5 to 45 seconds. Blood éaﬁples were

taken every five minutes and analyzed for lactic acid

concentration. There was a marked tendency toward increased

P
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lactic acid concentrations when the work periods were 15
seconds compared to five or ten seconds. The importance of
the recovery period as well as the work:re;t ratio was
clearly evident.\_ —

Astrand et al. (1960a,b) examined the effects of
altering the exercise and recovery intervals on several
physiological variables. When the exercise and recovery
periods w;re short (30 s) and equal in duration, the work
was perceived to be "relatively light" with no fatigue after
one hour. In the initial stud§ (1960a), the authors were
unable to determine whether the favorable response was due
to the short exercise periods or the short recovery periods.
As a result, a follow-up study uﬁed exercise periods of 10,
15, 30 and 60 seconds and recovery periods from 20 to 540
seconds. When the total amount of exercise was the same,
the length of the exercise period was the most
distinguishing factor influencing the physiological
response. The duration of the exercise period has been

associated with accumulation of 1lactic acid while the

duration of the recovery period has been linked with the

‘replenishment of energy stores (Astrand et al., 1960b;

Saltin et al., 1977).
The accumulation of lactic acid after continuous and
intermittent exercise was studied by Astrand et al.(1960a).

After nine minutes of continuous work, the blood lactate

‘concentration was 150 mg$% or 16.6 mmol/l. Following

intermittent exercise of the same total volume of work, with
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equal work and rest intervals (30 s), the mean lactate value
was 20 mg? or 2.2 mmol/l. However, when the intervals were
lengthened (3 min work: 3 min recovery), the mean lactate
concentration was significantly higher (120 mg% or 13.3
mmol/1). 1In the follow-up study (1960b), the duration of
the work and rest intervals was manipulated. With short
work periods of 10 seconds followed by pauses of 20 seconds,
the blood 1lactic acid concentration was about 20 mg$% (2.2

mmol/l), while in the experiment with 40 second pauses, it

. was 15 mg% (1.6 mmol/l). When the work periods were

lengthened to 30 seconds and the recovery periods to 60
seconds, there was a significant increase in the blood
lactic acid concentration.

The energy utilization patterns in intermittent
exercise of supramaximal intensity 'Qas investigated by
Margaria et al. (1969). The authors assumed that lactic
acid was not produced4 until/ 10-15 seconds after the
beginning of exercise, presumably when the phosphate stores
were diminished. They postulated that if the exercise was
less than 10 seconds, only an alactic oxygen debt would be
observed. The ~alactic oxygen debt was defined by this
research team ~as-an anaerobic process responsible for the
splitting of ATP and CP. Therefore, acvery'short period of
recovery would be sufficient to replenish the phosphagen
stores and re-saturate the hemoglobinjﬁé@ myoglobin stores
thereby permitting the subject to perform the exercise again

on the ' same energy source with no appreciable lactic acid

ittt bt i
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Q;} < accumulation. The study involved three subjects performing
a series of experiments on a treadmili. The experimental
4 conditions consisted of running at 18 km/hr on a 15% grade
with work periods of 10 seconds alternated with rest periods .
of 10, 20 or 30 seconds. During the first session they —

reached exhaustion after 30-40 seconds with maximum blood

lactate concentrations of 50-60 mg% (5.546.0 mmol/l). The

results revealed that no lactic' acid accumulated if the
? period-of recovery was 30 seconds. Also the increase in
blood 1lactic acid concentration, due to 10 seconds of
running, increased when the recovery period was decreased
from 20 to 10 seconds. In addition, the blood lactic(acid

concentration was dependent on the number of runs.

N R U LN g o

PN

Edwards et al. (1971) compared blood lactate
concentrations during continuous and intermittent exercise
with the same average power output. Three male subjects
exercised on a bicycle ergometer. The intermittent pattern
consisted of 10, 30 and 120 second work bouts alternated
with 30 seconds of'rest. Blood lactate concentration rose

§
' /

progressively during the six minutes of continuous exercise

but, with intermittent exercise, the increase was noticeably
less. When the work periods were only 10 seconds long there
was no increase in blood®* lactate. However, the average
" power output was markedly reduced from 1000 kp m/min (164

Watts) to 250 kp m/min (41 Watts) with the shortest work

. periods.
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The ihportance of the recovery periods in an
inte;mittent activity, with relativély short work periods,
has been 1linked to the process of phosphagen resynthesis.
In their text book, Fox and Mathews (198l1) relate the

© t

duration of the relief interval to the percentage of ATP and

CP resynthesized (Table 2.5).

\
\

" Table 2.5: Duration of relief interval and ATP-CP
- resynthesis.

' Relief Interval (s) % ATP-CP restored
“ ‘ less than 10 ' very little
30 ‘ ' 50
’ 60 75
90 . .. 88 ,
120 . 94 -
more than 120 ‘ 100

!Fox and Mathews, 1981. v

The significance of phosphagen replenishment has been
questioned by. several investigators. Saltin and "~ Essen
(1971) had three subjects perform intermfttent exercise for
30 minutes at supramaximal 1locad of 2400 kp -m/min (392
Watts). The work and recovery periods were 10 s:20 s, 20
$:40 s, 30 s:60 s and 60 s:120 s. The ATP-CP depletion was

"most marked wiggzghe longer work periods. When the recovery
periods lasted more than 20 seconds, a significant increase

in the ATP-CP was observed in the muscle. It was concluded
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that, during recovery periods of less than 20 seconds, the
reloading of ATP—FP had an insignificant role in energy
supply during intermittent exercise. Re-synthesis of
phosphagen stores during répeated bouts of exercise plays a
major role in meeting energy requirements only when  the
recovery period is at' least 60 seconds in duration (Salfin,
1973). In a later study, Saltin et al. (1977) reéorted tHat
the energy available from ATP a;d CP concentrations of 5 and
20 mmol/kg of wet skeletal muscle, respectiéély, could
providé‘ the energy for high -intensity exercise of 5-15
seconds durationv provided that the phosphagen stores ;eré
félly ‘resynthesized to normal levels during the recovery
periods. ,(

Fox et al. (1969) compared continuous and interval
running in terms of metabolic energy source utilization.
The subjects ran continuously to. exhaustion at a constant
speed and grade on a treadmill. On another day, they
pe;formed the same total amount of work in ihtervals ranging
from 10 to 60 sgconds in duration alternated with relief
intervals of 20 to 150 seconds. The metabolic energy
production, as defermined by summing the energy delivered
from the components, was found to be virtually the same for
continuous and interval runs of comparable work output.

Although the energy suppiied, via the aerobic
mechanism, during interval running is only slightly altered,
the pfoportignS’of energy delivered from the phosphagen

stores and the LA system are quite different from those
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during continuous running. For example, ;n a continuous run
requiring 30 kcal/kg hr (126 3ou1es), approximately 37.5% of
the‘total energy is delivered by the aerobic mechanism, 35%
by the LA system, and 27.5% by the phosphagen system. In
contrast, during interval running requiring the same total
energy and supplying the same_energy aerobically, thehene;gy

delivered by the LA system is reduced to 15% and that by the

phosphagen system increased to 47.5% of the total (Fox-et

al., 1969).

The contribution of the energy systems in terms of

"~ total ATP required during exercise "has been investigated by

Essen et al.(1977). The exercise 'regimg coﬁsisteg of one
hour of éycling with 15 second ﬁwork intervals and 15 second
recovery intervals. Of the total of 0.19 moles of required
ATP, the oxygén sygtem contributed 0.09 moles (47.4%) and
the myoglobin stores 0.05 moles (26.4%). The phosphagen
stores anﬁ the LA system provided 0.03 and 0.02 moles (15.8%
and 10.5%), regpectively. o ~ .
The contribution of myoglobin to intermittent exercise”
has been examined by many investigat&ts. Myoglobin is ‘a
protein found in skeletal muscle whigch ‘binds oxygen and .

~

T , .
facilitates the transport of oxygen _within the muscle cell.

*

The amount of oxygen stored by myoglobin is about 11 ml/kg-
of muscle tissue. ' For athletes, it would be approximately
half a liter of oxygen (Fox, .1979). While this éqantity of
oxygen does not appear to " be significant, 'the oxygen

myoglobin stores play an important role during continuous

»
-
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exercise ' and are Lﬁar;icularly significant lduring
intermitéent exercise of short duration (Astrand et al.,
J1960b; Christensen et al., 1960; Salfin and Essen, 1971).

The oxygen myoglobin stores provide a very: rapid
oxygen source for the muscle. During the initial phases of
exercise, before the oxygen transport sysﬁem can supply
additional oxygen, the oxygen 'bound to myoglobin is
consumed. This supply of oxygen helps to delay - the
accumulation of lactic acid in the muséles and blood. Like
the phosphagen stores, 'the oxygen myoglobin stores are
replenished very rapidly dur;ng the recovery period (Fox,
1979). —

Astrand et al. (1960a) hypothesized that, since thé
formatién of lactic acid during short work pegiods‘ is
minimal, the initial’ phase of thé work codi? be handled by ~
the aerobic system aepeﬁding upon the amount of oxygén used
5y the muscles when the work is started. The oxygen bound
to-éyoglobin and to hemoglobin is the source of this aerobic
work. During the‘recovety per}od, even if it is only half a
‘minute long, myoglobin must be reloaded with oxygen before

éhe next work period begins. .
/ -
2.5 Field Tests in Squash »

Since the development of physical education programs
should be based on éccufate research evidence, it is
important to écientifically construct valid, reliable and

objective test% in sporting activities (Johnson and Nelson,

I amE
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1979). In the past, research on physiology of sport has

been concerned with the assessment of physiological
components in a controlled laboratory environment. However,
it is‘po§sible to obtain objective‘and reliable measures in
competitive situations through fﬁeld tests {Reed, 1982).
field test is one conducted in an environment which attempts
to simulate the actugl competitive situation (Reed, 1982).

A review of the literature concerning skills tests gor
squash racquets revealed three tests., Edgreen and Robi%son
(a8 cited inl Cahill, "1977) suggested a battery of €£ive
squash items, including a speed tegt,-a volley control te;t,
an overhead serve test, an underhand 105 test’ and an
accuracy test. ‘Reliabilitymand validity were not reported.

Broadhead (§967) desigried a _ rebound uéest that
discriminaged the strokingdability between differeﬂk levels
of players. He examined the grip,, backswing, prepafation,
control of the ball and body position. -

Cahill (1977), developsd a squash racquets: skill test®
battery to serve as an evaluation tool and classification

device for beginning 1level squash players. ‘He also

Tinvestigated the discrimination powers of the test and

/

aeveloged its wvalidity, reliability én ijeétivity using
199 undérgraduate studengs. The battery originally
,consisted of 10 items: 1) 30 second rally, 2) lob serving to
the‘right, 3) lob serving to the left, 4) forehand alley, 5)
backhand alley, 66) forehand crosgcourt, 7) backhand

crosscourt, 8) dblley test, 9) power and 10) agility. After
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C; statistical analysis of these 10 items, the final testing
battery was reduced to: a 30 second rally test, a forehand

CIOSSCOl/t test "and a volley test. v

The only existing field test measurifng, physiological

parameters specific to squash play has “been developed by

Reed for the CSRA (1982). The test is based on time-motion

o o e vy e

studies conducted at sewveral levels of squash play for both
men and women. This test was originally designed for elite
squash players although it has been suggested that its usc_f//

can be applied to all 1evels of players.’

7
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(- CHAPTER III
METHODS .
Included in /;1\15 chapter are @B‘ilowing sections:
3.1 Subjects. ,
3.2 Laboratory\ and Field Tests i *

3.3 Instrumentation
3.4 Statistical Analyses

-

3.1 Subjécts . X
The subjects for this study consisted of 30 female
competitive squash players residing in the Montreal area.
The age range of the subjects was from 19 to 42 years.. The
subjects were acquired on a volunteer basis and were diyided
into three groups represeﬁting "A" level, "B" levei and "c"
level calibre of play. The criterion for forming the groups
was based on the subjects' squash ability,.as define;i by
tournament performance over a period of y:ears. The sample
: included the 10 top ranked players in Quebé‘c} three of whom”
represented the province in the 1984 national championships.
Informed consent was obtained from all subjects prior to

testing.

J

3.2 Ldboratory and Field tests.
All subjects participated in:  five testing sessions

consisting of two laboratory tests and three field tests.

(
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The testing sessions included: f) An Aerobic Power Test, 2)

- An Anaerobic Endurance Test, 3) The CSRA Six-Point Fitness

Test, 4) The Modif;ed Test of Squash Fitness and 5 ) The
Modified Test of Squash Fitness for a second time to
establish its reliability by the test-retest method.

The treadmill is a commonly used dynamic testing
modality in many laboratories (Froelicher, 1983). In the
present investigation the treadmill. was selected because it
i’nvolves a skill with which subjects are familiar, that is,
walking and running and requires more large muscle activity
than other test modalities since. the arms and shoulders aid
the motion. Because squash requires the 'pléyer to run from
one corner of the court to the other, running on the
tr_gadmiil was considered the most appropriate motor pattern
to evaluate’ the squash player"s aerobic and ar;aerobic
fitness.

Tests were co@leted within a two week period. all
five tests were administered on separate days. The test
order was randomly assigned to\ each subject\.

Subjects were asked to rfefrain from “eating. drinking
(except water), or smoking for two hours prior to testing.
The subjects reported in approPpriate attire for all tésts.
For the field tests, they were "encouraged to report in
squash costume includ;ing court shoes that were in good
condi;:ion. Due‘?@'o the constant change of direction in

squash, good grip is essential for. efficient movement in the

o
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court (Zuber, 1980). It was therefore considered important
to minimize any factors, such as sliding on the court, that
might have impeded a subject from attaining her best
performance. For the laboratory test, the subjects were
encouraged to' use qual‘ity running shoes.

Prior to each session the subjects were familiarized
with the testing procedures. Verbal explapation was given

by the invéstigators prior to and during t?é‘ field and

laborataory tests. Each subject was encour to perform a

;  warm—up pribr to all tests.
Aerobic Power Test
All subjects ﬁnderwen\tnan exercise test to exhaustion
on a motor driven treadmill to determine maximal oxygen
. power. The subjeéts were familiarized with the treadmill
before the test was administered. e
Tt;e proto;ol began with the speed of the .treadmill set
at 6.4 kn/hr (4 mph) and the grade set Mn’:/pércent. The
work load changed ﬁrgy//ﬁiﬁe. In the first four
increments the g?a?e/- of the treadmill was increased by 2.5%
every minute. Once the treadmill grade was al; 108, further
increments occured by increasing the speed by 0.8 km/hr (0.5
nph) every minute. '
The éubjeéts were ‘verbaliy encouraged to continue

/ running until exhaustion by the im}estigators, who used

standard statements for all subjects. A 10 second
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post—exercise heart rate count was taken with a stethoscope.
The one mimute maximum heart rate value was then calculated.
The subjects continued to run/walk at a slow speed ki.n order
to aid the recovery process. During the three minutes of
recovery, 30 second heart rvate measurements were taken with
a stethoscope. .

To determine the maximal oxygen consumption wvalues of
the subjects, any two of the 'following criteria had to be
achieved: 1) the attainment of an oxygen consumption plai:eau
with increasing workloads (as indicated by a cha;ge of less

1

than 100 ml/min), 2) achievement of near maximal heart rate

(within 10 beats from the age-predicted maximum-heart rate)
4 — -

and 3) a respiratory exchange ratio in excess of 1.00

(McArdle et al., 1981). , : ,

Anaerobic Endurance Test.

This' test involved a run to exhaustion on a motor

driven treadmill to determine anaerobic endurance. The test

procedure was a modificatiop of that used by Cunningham and
Faulkner (\1969). Subjects were required to run on the
treadmill for as long as possible at a velocity of 188 m/s
(7.0 mph) and with a grade of ‘20 percent. All subjects were
familiarized with the high speed and grade used in the
protocol p;rior to Bxe testing. Again, t‘he subjects were
given verbal encoufagement by the investigators in order to

elicit maximal performance. Subjects were asked to remain

\
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( on the treadmill until exhaustion. A stopwatch was
actiéated when the sdbjects started running on the treadmill

and was stopped when the subjects grabbed the side rails for

assistance. Running time in seconds was reported for each

[N

. subject.

-
O o

" CSRA Six-Point Fitness Test.
The pattern established in the CSRA test consists of

placing six targets on the walls of the squash court.‘ The
player runs and taps the head of her racquet against the six
targets six points in a predetermined sequence. The
subjects were asked to run the pattern as fast as possible.
Pacing was discouréged. The pattern began and ended at the
"T" spot. Qhe subject stood inside the "T" spot with both

feet. On the word 'Go' she ran to the right side and

n e —————— oA (P TR St o

touched the target on the wall with the racquet head and

then returned to the "T" spot where it was necessary to
place one foot inside the box. The next movement consisted
of going to the right front corner and again returning to
B I the "T" spot. The subject then ran to the rightéside wall
target and back to the 'T' three times before continuing to
- the next target. The right back corner was the last target
to be touched before moving to the left side. The same
pattern was followed for the left side. The test ended when
one foot touched inside the box at the "F". The complete

pattern is presented in figure 3.1.

O
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Figure 3.1: The six-point fitness test pattern (CSRA, 1982)
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The numbers represent the sequence of movements. The

procedure which was - followed to provide %nsistent@x

instructions to each individual is presented in Appendix C.
This movement pattern was based on a 20 second wprk interval
and was repeated six times. Each repeat began 40 seconds
after the start of the one before it. {The purpose of the
six repeats was to force the players to initially draw upon
the phosppagen stores and then tax Fhﬁ lactic system. The
test is designed to measure the drop in speed associated
with lactic acid accumulation and fatigue (A.Reed, personal
communication, September, 17, 1984). The dependent variable
is performance time for each repetition. The difference
between the fastest and slowest times was recorded as the
drop-off index. Total repetition time was calculated by
adding the times of the six repetikions. At the end of the
six repetitions, recovery measurements were taken in order
to observe the relationship between aerobic fitness and
heart rate recovery (A.Reed, personal communication,
September, 17, 1984). Heart rate measurements were taken at
30 second intervals for three minutes, starting immediately
after finishing the sixth repetition. The subjects' maximum
heart rate xintensity was calculated by the Karvonen(1957)
formula: '
\

Peak H.R. Post-exercise H.R. - Resting H.R.
intensity = x 100
Maximum H.R. - Resting H.R.
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Post-exercise heart rate was attained at the end of the last.
repetition. Maximum heart rate was determined at the end of
the e:éhlaustive run in the aerobic power test while t‘he
resting heart ra.te ‘was established by each s'subject prior to
getting out of bed in the morning. Each subject was given
instructions on the technique of self-palpation of the
carotid artery. The subjects' heart rate recovery was also
calculated for the three minute post-exercise time period.
Recovery heart rate was expressed * as an intensity using the

following equation:

Recovery H.R. Post-exercise H.R. — 3 min recovery H.R.

Intensity = x 100
Maximum H.R. - Resting H.R.

The post-exercise H.R. was attained at the end of the last

repetition and the 3 min recovery H.R. was attained
following three minutes of recovery. A sample data sheet is
presented in Appendix D. .

. |

Modified Test of} Squash Fitness
/

" This test was administered twice in order to establish

its reliability. According to Baumgartner (1969) and
Baumgartner and Jackson (1975), objectivity, or "rater
reliability is a very importarit attribute of a test. The
determination of the objectivity of a test is essential as

stated also by the CASS in the Physiological Testing of the’'

Elite Athlete manual (refer to appendix B). If a test is
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objective} there will be close agreement between the scores

assigned to each subject by different investigators. The

objectivity of the modified test was determined by comparing
Both scorers

the performance scores of two investigators.

were located in the squash court. The first scorer was
- placed in the forécourt. area while the second scorer was
placed in the backcourt area. Both scorers were
. familiarized with the prior to the

testing procedures

testing sessions.
The modified test was based on the .most frequently used

patterns in the CSRA six-point fitness test. Howevei. since

the work and rest intervals were much shorter in duration

than the CSRA intervals, the modified test used only four

points and was .therefore much shorter. The test began and

ended at the "T" spot with the player tapping each of the

points on the wall with her racquet head. The first

repetition began by going from the "T" spot to the right

The right forecourt spot was next

{always returning to the "T" spot) follo;Ld by the left side

wall. The left backcourt was the last movement performed to

complete the first repetition. The second repetition began

by going from the "T! spot to the left side wall and back.

The left forecourt was next, followed by the right side

wall. The repetition ended by running to the right

backcourt spot. Each movement to a particular target point

was followed by returning to the marked "T" spot. The

P
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third, fifth, seventh and ninth repetitions followed the

same pattern as the first repetition, while the fourth,

gixth, eighth and tenth

second repetition.

repetitions were

the same as the

This alternation was introduced ih order.

to eliminate any possible right hand or left hand bias among

subjects.

3.2b.

The full pattern is found

in figures 3.2a and

-
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Figure 3.2b: The modified “test of squash fitness pattern
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The pattern has been numbered acéordingréq‘the sequence
of/movements. The complete pattern was based on 10 second
exercise intér;als. It. was repeated 10 times. Each
repetitionfbegan 20 seconds after the start of the'previous
one. Oﬁce agéin, the players were instructedato pfrform at
maximum:effoqt. for thé 10 repetitions. The procedure for
providing conéistent instructions to each individual is
presented in Appendix C. The performance variable was tﬁe
time to compleée each repetiti;;. The fastest and slowest
times were recérded and theEAifferenbe between the two times
was termed the drop-off index. The total repetition time

«was calculatéd by adding the times of the 10 repetitions.

[N

At the end of the 10 repeats, maximum and recovery heart

¥

rates were measured at 30 second intervals for three minutes

starting immediately after completion of  the 10th -

repetition. The subjects' maximum heart rate intensity and
, recovery heart rate intensity were calculated using the two
formulas described in the previbus section. A sample data

sheet is presented in Appendix D.

-
‘

3.3 Instrumentation

The aerobic power test was performed on a Collins motor
driven treadmillb (Model - number 07203). Metabolic
measurements were made using a Roxon computerized exercise
syétem. The mouthpiéce was %pspended from an adjustable bar
on the\ treadmill in order to allow free movement by the
subject. Inspired air was collected apd passed through a
A s
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turbine. The sample of inspired airu was analyzed by a
Morgar; ventilometer (Mqu 2) . providing measurement of
inspired ventils.‘;i“\ion in liters per minute. Once the
mouthpiece was attached to the suboject //expiréd air was
collected in a mixing chamber. A flow control (model R-1)
was used in order to regulate the volume of sample gas.

Expired oxy{gen and carbon dioxide measurements were made

using an Applied Electrochemistry Oxygen Analyzer (S-3A/I)

and an Applied Electrochemistry Carbon Dioxide Amalyzer
(CD-3A). The maximum heart rate was measured at the end of

the test usr}ng a stethoscope. A

7

Measurements were taken throughout the test and ' forw

three minutes into recovery. Thirty second values were
displayed on-line using an Apple IIe computer and Okidata
micro-82A printer. Calculated measurements included, VE,
V;OOZ, R, Mets, and \}E/‘?O 9 The computerized system approach

for the collection and analysis of respiratory ‘and metabolic

data, is illustrated on a flow chart in Appendix E.

A
1

Prior to the exercise testing, the oxygen ané carbon
dioxide analyzers and the ventilometer were calibrated. 1In
addition, subject name, age, height and weight were entered
in the computer. Environmental conditions such as,
barometriﬂc pressure, humidity and éemperature were also

entered to correct the measurements to STPP conditions.

>

A

o



D I R O O N i i B R i P s o IR e - - . —

57
#mm&he anaerobic threshold (A.T) was determined from a
graph plotting the ventilatory equivalent (6E/602 ) versus
time and treadmill speed. The anaerobic threshold was
determined from the intersection of two linear lines. 602
and 902 as a percentage of 602 max were recorded at the
anaerobic: threshold. An example of -the determination of
anaerobic threshoid is included in Appendix F. The graph
was plotted by the computerized system.

The anaerobic endurance laboratory test was also
performed on a Collins motor driven treadmill (Model number
07203). Running time in seconds was recorded for each
subject. Measurements were made to the nearest hundredth of
a second.

Both the CSRA field test and the modified test of
squash fitness were administered on international courts.
Each subject was tested at her own club ( Montreal Badminton‘
and Squash Cldb, Mirabel Rfcquet Club, West 1Island Tennis
Club, Old Montreal Squash Club, Montreal Amateur Athletic
Association( Rockland Racquet Clhb, and St. Eustache Racquet
Club). A number of subjects did not bélong to a particular
club and the 0ld Montreal Squash Club and the Montreal
‘Amateur Athletic Association international courts were used
fﬁr them. An effort-was made to control court temperatures
as well as the lighting throughout all testing sessions. 1In
addition, random assignment of the subjects was made to the
_difﬁerenk?courts in order to eliminate any possible bias due

i

té environmental conditions.

1
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For the administration of the two field tests specific
court markings were required. For the CSRA field test and
the modified field test, touch targets were placed on the
walls ai prescribed locations. These points were
accentuated by using red colored rectangular pieces: of
cardboard 28 cm by 23 cm. A white colored -square, 40 cm by
40 cm was taped to the floor at the npw spot to mark the
start, return and finish point. The court markings for both
field tests are illustrated in Appendix G.

During the. administration of both field tests,
performance- times were recorded to the nearest hu&dredth of
a second using digital stopwatches. .

3.4 Statistical Analyses

Means and standard deviations were computed for the
descriptive characteristics of the subjects. These included
age, height and weight. The subjects were divided into
three groups based on squash ability. Means and.standard
deviations were also computed for data collected during the
laboratory tests and field tests. Differences among the
three squash groups for the laboratory test variables were
determined with analysis of variance procedures.

To * establish criterion related wvalidity, Pearson
product-moment correlation coefficients were determined. A
correlation matrix was computed :which included three

variables from the CSRA and medified squash tests (total

repetition time, drop-off index and recovery H.R.) and two

’,
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variables from the laboratory tests (502 max in mi/kg-min
and anaerobic endurance performance time).

The discrimination powers of the modified field test of
squash fitness were examined blathe multiple discriminant
function analysis (construct validit;5. Multiple
discriminant function analysis was also performed for the
CSRA field test. The discrimination powers of the CSRA
field test and the modified field test were compared using
drop-off index and total repetitzan time as predictors.

The reliability of the modified field test of squash
fitness was determined by the intraclass correlation
coefficient (R). A univariate statistic was used since
subjects were tested more than once on the same test
(repeated measures). The objectivity of the test was also
determineqﬂ uéing analysis of variance ﬂand the intraclass
correlation coefficient. Objectivity was established by
comparison of each repetition score from the two

investigators on day one and day two.

[
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CHAPTER 1V
RESULTS

This chapter is divided into the foliowing five
sections:
4.1 Descriptive Data
4.2 Field Tests — -
4.3 Validity Results
4.4 Reliability Results

4.5 Objectivity Results

4.1 Descriptive Data

Means and standard deviations for age, height, and
weight of the three levels of squash players are presented
in table 4.1.

The leQel C players were younger (27 yrsi than bqth'
level B and A players (30 yrs). The level B players were
taller (168.3 cm) Fhan the C players (165.3 cm) who, in
turn, were tallerrthan the A players (163.2 cm). The A
players were +the heaviest (62.8 kg) followed by the B
players (60.7 kg) and by the C players (57.6 kg). These
differences were not significant among the three squasﬁ

levels.
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Table 4.1: Descriptive data (X + S.D) of subjects (n=30)
/
Level n Age (yrs) Height (cm) Weight (kg)
Y '
A 10 30.0 + 4.5 163.2 + 11.9 62.8 + 11.8
10 30.0 + 5.0 168.3 + 4.5 60.7 + 4.9
c 10 27.0 + 6.0 165.3 + 7.6 57.6 + 7.1
Total 30  29.0 + 5.0 165.6 + 5.0 60.4 + 8.4

p

The results of the maximal aerobic power. test and the
anaerobic endurance test are presented in tabie 4.2. Both

tests were performed on the treadmill. .

-/
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‘Table 4.2: Physiological variables (X + S.D)
Variable Level A Level B Level C Total

n=10. ' n=10 n=10 n=30
Aerobic Test ‘
H.R. mak 193.0+14.0 189.0%13.0 194.01+12.0 192.0+13.0
(beats-minl) '
?E max 97.1%17.7 89.0+18.4 93.0+12.1 \§3.0116.7
(1/min) _ .
Vo, max 44.5% 8.0 46.5% 4.0 46.4% 4.7 45.8% 5.7
(ml/kg-min )
A.T- - 78.7+ 8.9  77.2t 6.6 75.3+ 8.2 77.1% 7.8

(8 V0 ,)
Anaerqbic Test

An. End. (8) 31.1117.2 40.8%+ 9.3 33.6%+11.3 35.2%13.0

The entire sample had a mean maximum heart rate of 192
beats.min! which is approximately what would be predicted
ftal‘the formula 220 - Age or 220 - 59 = 191 beats - minl.
The maximum oxygen uptake averaged 45.8 ml/kg-min or 2.77
1/min with a VE max of 93.0 l/min. The maximal oxygen
uptake value for the A players was 44.5 ml/kg »min as
compared to 46.5 ml/kg.min and. 46.4 ml/kg-min for the B and

C players, respectively. The differences were found to be

} nonsignificant. The overall ﬁr()2 max mean value was 45.8

/
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ml)kgomin. When the peak GEntilatory equivalent of oxygéﬁ
(ﬁ!/ébb) was calculated, the group mean was 33.6 liters of
air per 1liter of oxygen which suggests that the treadmiil

test was maximal for the groups.- - When the anaerobic

threshold was calculated from a plot of ventilatory.

equivalent of oxygen versus time, a mean value of 35.3 ml/kg-
min or 77.1% of VO, max was found. When the anaerobic
threshold’ was expressed relative to the maximum oxygen
uptake, the r;sults suggest that the females we¥e trained

subjects.

4

The anaerobic capacity teét produced variability in
scores among the three levels of squash players, however,
the differences were not significant. The B .players
averaged 40.8 s compared to 33.6 s for the C play?rs and
31.1 s for the A players. -

4.2 Field Tests

The CSRA six-point fitness test and the modified test
of squash fitness were administered on separate days. ,Tablé
4.3 provides the mean repetition times of all 30 subjects
for the CSRA six-point fitness test. The modified test of
squash fitness was administered twice in order to establish'
ifs reliability. Tables 4.4 and 4.5 summarize the yariables
measured during the tests, as well as the data calculated ét

the end of)phe tests.
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Taﬁle 4;3: CSRA test repetition
© times (X

i

+ .8.D)

Repetition

Time(s)

29.40 £ 2.50

Variable

1
2 © 30.43 & 2.52
3 31.22 £ 2.61
%
4 ’ 31.63 £+ 2.55
'S 31.40 + 2.88
- 6 31.74 + 2.81
Total 185.78 + 14.92
.
|
A ) \\ R
' Table 4.4J\CSRA six~point fitnegs test (n=30) =2~
X+ s.D

Sum of six reps (s)

Fastest repetititon (é)
brop—oﬁf index (s)

Post-exercise H.R.(beats-min-)

H.R. intensity (%-H.R. max)

Rec H.R. - 3 min (beats-mirml)

Rec H.R. - 3 min (%)

185.78 + 14.92

29.22 + 2.46

3.01 £+ 1.73

178
92
95
27

+ 13
.9
+ 17

+11

64
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There appears to be a discrepancy between thé'variables
presented in table 4.4Qand table 4.3. The mean value of the
first repetition of the CSRA test (table 4.3) is 29.40
seconds, whereas, the fastest repetition mean value (table
4.4) is 29.22 seconds. In the(,first caée, the mean was

computed across the first repetition scores of all subjects

while, in the second case, the mean was computed across the
h |

4

fastest repetition times of all subjects which was not

necessarily the first repetition.

Table 4.5: Modified test of squash fitness (n=30)

Variable . Day 1 Day 2 .
(X £ s.D) , (X £ 8.D)

Sum of 10 reps (s) 105.67 + 0.76 102.67 + 6.79

Fastest :epetiti_on(/es) 10.06 + 0.67 9.82 + 0.66

Drop-off index (s)’ ©1.07 £ 0.42 0.99 + 0.38

Post-exercise H.R. 178 . + 12 174+ 12
{beats-minl) . .

H.R. intensity (% H.R. max) 91 + 8 88 + 9

Rec H.R. - 3 min 92 + 20 90 + 21
(beats-mini) .

Rec H.R. - 3 min (%) .25 + 14 .23 + 13




')ﬁ'

F e RTTR AT R

PR T

AP AT T

66

4.3 validity Results
One of the /éppposés of this vinvestigation as to
establish two kiqés 05 validity: criterion related vjpidity
and construct valzéif'. Pearson-product moment correiation
coefficients were determined between two laboratory
variabies* and a number of flield test variables. The
laboratory variabies were the 602 max in ml/kg- min (a
measure of aerobic fitness) and performance time from an
anaerobic endurance test. Both tests were performed on a
treadmNl1 and were considered to be appropriate motor
patterns for squash players. The statistical analysis to

examine the validity of the modified test of squash fitness

is presented in the next table.

Table 4.6: Correlation coefficients (n=30)

--—-CSRA field test—-—- --Modified field test--

Laboratory Sum of Drop- Rec Sum of Drop- Rec

Variable 6 Reps off H.R. 10 Reps off H.R.
VO ; max -0.51%* -0.44*  0.11. -0.52%* -0.27  0.38*
(ml/kg-min) .

An. End. -0.58** -0,1%6 -0.14 ~-0.63*%*% . ~0,24 -0.11

(s) - )

i
\

* P < 0.05 *% p < 0.01

st ——————— T
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Maximum oxygen uptake correlated significantly with the
tota} repetition times of both field tests, the CSRA
drop-off index and the modified test recovery heart rate.
Anaerobic endurance correlated significantly with the total
repetition time of both field tests.

Construct validitéi was tested by egamini&é the
discriminant powers of both field tests using the drop-off
index and éhé tota% repetition time. The nominal variable
consisted of three éroups: levels A, B, and C players. The
discriminant function'analyses for the CSRA and the modified
field tests were found to be nonsignificant. Tables 4.7 to
4.10 present the discri;inant function analysis for the CSRA
test while tables 4.11 to 4.14 present the analysis for the

modified test. =

Table 4.7: Canonical discriminant functions
"(CSRA)

Function & Var. ‘Chi-squared df Sig.

-3
o
.

n

1 98.1 3.36

—
Q
L

®

2 1.9 0.68
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Table 4.8: Standardized canonical discriminant

function coefficients (CSRA)

Function 1 Function 2
Drop-aff index  0.98 . 0.35
Sum of 6 reps -0.61 0.84

Tdble 4.9: Canonical discriminant functions

evaluated at group means - group
centroids (CSRA)

Level Function 1 . Punction 2
‘A 0.30 0.05
B ~ 0019 ’, -0006

Cc -0.48 0.01

T L T

68 -
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Table 4.10:  Classification results (CSRA)
Level No. of Predicted group membership
cases A B C
A 10 3 o 4 3°
B 10’ 4 3 3
- %
o 10 3 0 7
Rercent of "grouped" cases correctly classified = 43.3 % ‘
¥ .

8

Table 4.11:

8

>

-

Canonical discriminant functions
(modified) )

Function % Var. Chi-Squared ' df Sig.
1 70.77 2,12 4 0.7
2 29.3 0.63 1 0.4

o

L D SYNIMI U N




Table 4.12: Standardized canonigal discriminant
.7 function coefficients (modified)
1 4

v

Function 1

Table 4.13:

Function 2
.i Y
Drop-off index 0.14 1.05
Sum of 10 reps./ 0.95 -0.48
S
y
f
r

Canonical discriminant functions

evaluated at group meang - group
centroids (modified)

Level Function 1 Function 2
A 0.27 0.12
B _0-29 O.o“9
c’ -0.02 -0.21
3
o 7 ‘
. D
T
4 ° 3
. . { .
,-4?'1 ’ !
C -
0 ® o ?
I S N
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Table 4.14: Classification results (modified)

Level No. of Predicted Group Membership

' cases A B c
A . 10 3 4 3

B ' 10 3 4 3

C 10 2 .3 5

Percent of "grouped" cases correctly classified = 40.0%

For the FSRA field test the first function accounted
for 98.1% of the total variance while the second function /
. accounted for only 1.9% of total variance. These results
were not significant. In terms of the two predictors used,
the first function had a higher weigh_ting on ti’le drop—-off
index. For the modified test of squash fitness the first
function was responsible for 70.7% of total variance and the
second function acco;mted for 29.3% of the total variance.
Again, these results were not significant. Contrary to the
CSRA discriminant function analysis, the first function had
a higher. weighting on ‘tb{:al repetition time as opposed to
drop-off index. ‘ ' | .
The clagsification results of the CSRA test showed that
only 45\3% of the cases were 'correctly classified. The

classification results of the modified test revealed that

(‘/ . only 40% of the cases were correctly classified. Neither of

/ \ P
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the two gield tests demonstrated any discrimination powers
wvhen using drop-off index and total repetition time as
predictors.

4.4 Reliability Results

The mean repetition times recorded by the two scorers
for each day were used to determine the test-retest
reliability of the field test. Table 4.15 1lists the 10
repetition times for both days. The intraclass correlation
coefficient (Ro), as determined by the aralysis of variahce

approach, was 0.89.

4.5 Objectivity Results

In order to determine the objectivity of the modified
test of squash fitness, two scorers were always present
during the -administration of the tests. For each of the 10
repetitions, performance time, in seconds, was recorded by
the two scorers simultaneously. The above procedurg was
carried out for both day one and day t':wo. * The modified test
repetition times for day one and day two are seen in table
4.16. The intraclass corrélation coefficients (R), derived

from analysis of variance procedures, for days one and two

were 0.95 and 0.94, respectively.

- - . NSRRI SN
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Table 4.15: Repetition times for the modified test of
squash fitness (n=30)
Repetition(s) Day 1 Day 2
(X £ s.D) (X + s5.D)
1 10.47 + 0.72 - 10.08 £ 0.77
2 10.66 £ 0.77 10.25 + 0.71
3 10.46 + 0.83 10.31 £ 0,71 )
4 19.69 + 0.84 10.34 + 0.62
5 10.60 = 0.99 10.20 +0.80
6 10.64 £ 0.83 10.37 £ 0.75
7 10.60 £ 0.94 ", 10.23 + 0.79
8 10.51 £ 0.79 10.35 £ 0.75
9 10.53 + 0.91 - 10.27 £+ 0.68 ;
10 10,51 + 0.90 10.31 £ 0.82 g
Total "~ 105.67 % 7.76 102.67 * 6.79
4 |
/:
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Table 4.16: Modified tést of Squash fiiness (X £ s.D) for days

one and two for two scorers (n=30)

£

£
iy, &
*;

Rep Day 1 Day 2
Scorer 1 Scorer 2 Scorer 1 Scorer 2
1 10.50 * 0.71 10.43 + 0.73 10.09 + 0.78 10.06 + 0.78
2 10.75 * 0.81 10.57 + 0.72 1p.38 + 0.78 10.11 + 0.70
3 - 10.50 * 0.86 10.43 + 0.92 10.38 + 0.76 10.24 *+ 0.71
4 10.74 * 0.81 10.64 + 0.87 . 10.43 + 0.64 10.24 + 0.63
5 10.66 *+ 1.06 10,54 + 0.97 10.26 + 0.79 10.14 % 0.83
% =~ 10.67 * 0.86 10.60 + 0.83 - 10.45 + 0.81 10.28 + 0.72
7 10.65 + 0.94 10.55 + 0.97 10.32 + 0.78 10.16 + 0.79
8 10:56 + 0.81 10.46 + 0.81- 10.46 + 0.79 | 10.23 + 0.74
9 10.62 £ 0.96 10.43 + 0.90 10.35 + 0.71 10.19 %+ 0.68
10 10.57 + 0.92  10.46 + 0.90 10.39 + 0.80 10.19 + 0.83
Total 106.23 + 7.87  105.12 + 7.70 103.51 £ 6.90 101.84 + 6.69
o
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CHAPTER V
- DISCUSSION

The following sections are included in this chapter:
5.1 Laboratory Findings
5.2 Field Tests
5.3 Validity Results
5.4 Reliability and Objectivity Results

F

5.1 Laboratory Findings r ‘ff oy

The mean maximal oxygen upfake.valué fo# the group of
squash players was 45.8 ml/kg-min. When compared with
Canadian women of similar age,/the group mean ranks in the
95th pergentile }Standardized ?est of Fitness, 1981). This
mean score characterizes these squash players as having
"éxcellent" aerobic fitness when compared with the Canadian
female population. However, when contrasted with VO 2 max
values for other groups of female athletes the results are
equivocal.

Sinning (1973) reported a VO, max value of 42.9 ml/kg-

2
min for female basketball players with a mean age of 19
years. Maksud et al. (1976) assessed the 502 max values of
female field hockey players and basketball players and
;eported values of 42.9 ml/kg-min or hockey players and
40.8 ml1/kg.min for basketball playergf

The maximal oxygen uptake values of female

crosé-country skiers have been’ reported by Saltin and

/
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Astrand (1967) and Rusco et al. (1978). The latter reported
a mean ﬁoé max value of 68.2 ml/kg +min with the highest
individual value being 75 ml/kg-min. Saltin and Astrand
reported a‘ lower value of 63 nﬂ/kg-ﬁin for ctoss-couqtry
skiers; nevertheless, it is considerably highé&r than the
values in the present investigation. Wilmore and Brown
(1974) investigated the physiological profile (including
maximal oxygen uptake) of national and 'world class' women
distance runnerg. They reported a value of 59,1 ml/kg.min,
Krahenbull et al. (1978) examined the characteristics of
national and world class female pentathletes. Their sample
included nine athletes with a mean 605 max of 45.9 ml/kg-
min. In a recent study, Riezebos et al. (1983) assessed
various physiological parameters of 21 female proyincial
basketball players aged 18 to 28 years. Their 602 max value
of 50.1 ml/kg » min is considerably higher than the previous
studies reporting maximal oxygen uptake values for
basketball players.

t

It must be noted that the highest VO; max values
reported have been measured= for activities requiring
continuous exercise of an aerobic néture. In integm;ttent
activities, such as field hockey and basketball, the 002 max
values are similar to the values of the squash players in

this investigation. -

The mean maximum heart rate value, for all subjects in

* the present study, was 192 beats-minl, Since the purpose of

the aerobic test was to tax the cardiovascular system to the

e b
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maximum, Iack gf motivation sometimes poses probieﬁs in
tests of this nature. However, the maximum heart rate
attained at the end of ghe aerobic test in this study
suggests that the treadmill run was indeed an exhaustive
run. The value of 192 beats:.min~! is approximat®ly what
woulé be preaicted from the formula 220 - Age. ' Using the
mean age of 29 years for the sample in the present study
translates to: 220 - 29 = 191 beats.minl. , —

The anaerobic threshold value for the 30 subjects was
77.1% when expressed as a percentage of maximum oxygen
'uptake. This value suggests that the women in this study
were well trained athletes. Nagle et al. (1970? have
reported aﬁ anaerobic phreshold value of 75% of VOQEmax in

physically active non-endurance athletes. MacDougall (1977)

‘investigated the concept of anaerobic threshold and its

significance for the endurance}athlete in which his éample,

included ten elite non-endurance athletes apd nine elfte

A

endurance athletes. The anaerobic Fhreshpld,for the férmer
group was 70% of GT)zmax while, for the latter group was 86%
of 602 mé#. In a recent study, Boulay et al. (1984)
described a test p:ocedufe for the quantifiéatbon of maximal

aerobic capacitx.h Their sample included 14 females and 16

\ , . .
males. They found a VO2 max value of 42.9 ml/kg-min for the

females and an anaerobic threshold value of 36.3 ml/kg-min
corresponding to 85% VQZ max for the females. They
concluded that the subjects in their study had a higher than

. average level of physical 'fitness.

A e
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According to Boﬁcha;d et , a1; (1982), anaerobic/
endurance is defined-as the total amount of energy available
to perform short term intense exercfse: A number -of
different proto;ols measuring’anaerobig endurance exist in
the 1literature. In the present ihvestigation, , a
modification of the protocol introduced by Cunniﬂgham and
'Faulkner (1969) was used. Among the three levels of squash
players, the results of the anaerobic endurance test
pro@uced greater variability than the maximal oxygen uptake
Afsults. Even though £he "B" level squash players had a
highet value than the two other groups the differences weré
not significant. L

There are relatively few ‘studies in the literature

SO R T S B

] , ~e.,
reporting anaerobic endurance values of female subjects .

using the Cunningham and Faulkner \(1969)eprotqcol. Most

findings have monitored male subjects and report values of

.52 seconds and higher, One recent study of female

basketball players- by Riezebos et al.(1983) assessed various

physiological parameters. For the assessment of anaerobic

~

endurance the authors used the same proto€ol as in the

5 -

present investigation. They repbrted a mean value of 38.6 ‘
¢
seconds which is slightly higher than the mean group value

of 35.2 seconds in this study.
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5.2 field Tests

Both field tests utilized similar tourt patterns. The
major difference 1is found in the duration of the work and
recovery intervals. Since the CSRAC test consisted of
Tunning six repetitions as compared to 10 repetitions for
the modified test, it is not possible to make. direct
compar isons ‘Bétween the two. However, one can perhaps draw
some tentative Eonclusions regarding the general trends of
the tests.

In the CSRA test, an increase in mean repetition times
was evident .towards the end 6f the test. Wgen examining the
repetition times of the modified test, there is no
systematic variation in the times from beginning to end.
The mean total repetition time of the CSRA ‘test was 185.78
seconds as compared to 105.g7 and 102.67 seconds for the

-modified test (days one and two). Despite the 'significant
difference in totgl work time, the post-exercise heart raté

values obtained at the end of the field tests indicated that

the modified test. When - heart

the cardiovascular system was taxed ;just as heavilylduring“
&ate intensities were

‘calculated as a percentage of H.R. max the mean value during

the CSRA test was 92% as compared to 91% and 88% for the

modified test on days one and two. These differences were

not significant.

The- heart rate recovery pattern also showed a similar

trend during both field tests. In the CSRA test, fol;owing

—

a three minute recovery period, a heart rate of 95 beats-min'1
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was reported whereas, in tpejmodified test; the figures were

*

92 beats.minl and 90 beats.min’ for days one and two,
respectively. When the recovery heart rates were expressed

as a percentage of H.R. max, the value for the CSRA test

was 27%, while -those for the modified test were 25% and 23%[

respectively.

In both field tests there was a drop-off time between
the fastest and slowest repetitions. In the CSRA field
test, the mean -  drop—-off index was 3.01 seconds and the
respective values for the modified test were 1.07 and 0.99
seconds., It appears that the CSRA test value is
significantly higher than tﬂe modified test value, however,
.the absoluté values are directly related to the duration of

/the initial work periods. The difference bet;een the
drop-off indices is masked when they are expressed in
felation to the .fastest repetitiop. There was a 10.3%
drop—off index for the CSRA, and a 10.6% and 10.1% drop-off

" index for days one and two of the modified field test.

The interpretation of the drop—ogf‘inﬁex is a difficult
one to make. In the CSRA manual (a?BZ),\Reed states that

" the drop-off index is related to anaerobic endurance and the
need for anaerobic training. However, it is possible to
describe two hypothetical situations in which 'Reed's
statement may be questioned. An individual with a high
anaerobic endurance may have a high drop-off index if thé
ae}ébic fitness of the individual 1is not developed. In

other words, it is possible for an individual to have a very

t
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fast first repetition but, because of the inability to
recover between repetitions, the individual performs the
last repetition in a very slow time. As a result, a high
drop-off index will be reported. In another situation, an
individual may bhave a low anaerobic endurance and a high
aerobic fitness thus resulting in a low drop-off score. 1In
this case, the first repetition may not be a very fast one,
as oomp;red tod a person with high anaerobic speed, but
becaugse the individual has the ability to recover between
work Houts, the remaining repetitions will be performedxat
similgr speeds, thus resulting in a low drop—offAscore.

The results of,;he present investigation provide reason

for further questioning of the significance of the drop-off

index. These are discussed in the following section.

[-]

5.3 Validity Results

Validgtion of performance tests and various field tests

is usually determined by correlating field test results with

already established 1laboratory tests< For example, Cooper

(1968) attempted to validate a 12 minute running performance

test Dby comparison with a treadmill maximal oxygen-

consumption test. The correlation between the two variables
was 0.897. The author concluded that the 12 minite field

performance test was a valid measure of physical €fitness

' reflecting the cardiovascular status of the individual.

Doolittle and Bigbee (1968) investigated the relatiopship

between the 600 yard run-walk performance test and the 12

i
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minute performance test.\’ These investigators performed
correlational analysis betw‘een a maximum oxygen consumption
test and each of the performance tests. The 12 minute
performance test was a better indicator of cardiorespiratory
fitness (r=0.90) than the 600 yard run-walk test (r=0.62).
Burke (1976) investigated the validity of selected
laboratory and field tests of physical working capacity.
Again, correlational a?alyses were used and significant™
correlation coefficients were found betweén \702 max
(expressed in ml/kg - min) and a number of laboratory and
field tests.

In a recent study, Leger and Boucher (1980) developed a

o
" continuous running multistage field test in order to be used

as an alternative to the all-out 12 minute Cooper test.
Maximum oxygen uptake predicted with the Universite de
Montreal Track Test (UM-TT) was compared to X.IOZ max measured
directly on the treadmill using horizontal and inclined
running protogQls. Résults revealed r values of 0.96
between the UM-TT and horizontal t:readn;ill running and 0.89
between the UM-TT and inclined treadmill running. It was
conclL'lded that the UM—-TT is accurate, valid, reliable and \
safe for young and middle aged adults, males and females,
whether they are trained or not. Leger a'nd Lambert (1982)

developed a multistage .2‘0 meter “shuttle run test to predict

\'IO2 max. To establish validity of the test, maximim oxygen

- consumption measured directly from a treadmill test was used

as a criterion., The authors cor{cluded “"that the® 20 meter

&
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shuttle run test is a valid and reliable test for male and
female adults, individually or in groups, on most gymnasium
surfaces.

In the present investigation éérrelational analysis was
used in order to esthlish the criterion reiated validity of
the ﬁodified test of. squash fitness. The Pearson-product
moment correlation coefficient was determined between {field
performance variables and two lasoratory variables, namel&,
maximum oxygen uptake and anaerobic endurance performance
time. -

Maximum oxygen ‘uptake is generally considered the best
ind:’ecator' of aerobic fitness (Mitchell et al., 1958). Since
aerobic fitness 1is <dimportant during intermittent exercise
(Wenger, 1981; Thoden et al., 1982) and particulafly in
squash (Sharp, 1978a, 1979; Blanksby,et al., 1973; Beaudin
et al., 1978; CSéA, 1982; Montéomery et al., 1981; Northcote
et al., 11983) it was considered appropriate to ~ use 602 max
as a validity criterion. The second criterion used in the
analysis was anaérob&gcsgdurance. This value Jqé attained
by a treadmill sprint, an activity which clogely,relates“to
squash play.

For the irr_\odified test, there was a significant:. negativ'e

. . . v/ :
correlation (0.01 level) between the VO, max and the totd{

repetition time (r =~0.52), implying that a high‘ 602 max

value is associated 'with a low total repetitioﬁ time. The

902 m%iﬂﬁj}so Sa%related significantly (r = 0.38) with
eart rate. An association between ‘recovery heart

4




—

P

o i b

s

84

 rate and maximal oxygen conspfiption is reported in the

literature. (For éxanple, the/ recovery heart rate from a
bench stepping exercise has been sho;v'n to be an effective
means of classifying people in temms of aerobic fitness
(McArdle et al., 1972; Fox, 1973‘)1. In the modified test,
the total repetition time also correlated with the/anaetobic
endurance performance time- (r = -0.63, P < 0.01). Again,
the r value was negative implying that a; low total
repetition time was associated vwith longer performance times
on the treadmill. Reviewing the r values between total
repetition time and the two laboratory tests, it is believed
by/the present investigator that total repetition time is a
better indicator of anaerobicl‘ endurance than of aerobic
fitness. No significant correlations vere found between the
drop—off index of the modified t}xg and any of the
laboratory variables. |

For the CSRA test, there was a significant correlation
between the total repetition time and VO, max (r = —0.51, P
< 0.01). This value/ is similar to the value for the
modified test. The total repetition time also correlated
significantly (r = -0.58) with the anaerobic endurance test.
Contrary to recovery heart rate from the modified test of
squash fitness', the t&overy heart rate following the CSRA
test did not correlate significantiy with the ma::imal oxygen
uptake value.

A major finding irr the correlatipnal analyses was the

significance found between the CSRA drop-off index .and the

o
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%0, max (r =-0.44; P < 0.05). In the training manual of
the CSRA (1982) Reed associates the drop-off index with

anaerobic endurance. The same investigator has also been

1]
involved in the development of fitness tests for ice hockey

and badminton., In the manual published by the Canadian

Badminton Association (198l1), Reed designed the four—corner

bédmin_ton fitness test. He used the same rationale for the

six~point squash fitness test and, again, associated the
- .

drop—-off index with the need for short interval anaerobic

training. In an attempt to develop and validate an on-ice

hockey fitness test (Reed, 1978; Reed et al., 1979) he-

related the drop-off index to anaerobic endurance. There
was no lmention, in any of the three fitness tests, of a
possible relationship between the drop-off indexl and aerobic
fitness. ‘\

The associa;ion between the CSRA drop-off index and the
maximal ox,.ygenﬂl uptake- found in this i]nvestigation suggests
thqt the magnitude of the drop-off ingex is dependent on the
aerobic fitness and not the anaerobic endurance of the
in‘dividual. Since aerobic fitne_ss is crucial for the
replacement of high energy substances following short bursts
of 5-30 seconds duration (Wengdr, 1981), it would appear
that the higher level of aefobic Fitness of an individual
would manifest itself im a lower drop-off. inde:S value.
Further ‘studies are neéded to confirm the above finding.

Construct validity 1is concerned with the extent to

which a partigilar measure relates to other measures
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consistent w;ith theoretically derived hypotheses conce\rning_
the concepts that are being measured (Carmines and Zeller,

. -
1983). The constructs used in this study were the three

8

. ability levels of squash players, The predictors used for,

both field tests were the drop-off index and total

repetition time. These predictors. were , chosen based on

.their significance in previous studies of squash playex:s. T

. Discriminant function analyses for both the CSRA and

! )
the modified field tests revealed that the tests did.not’
have any discriminant powers. In the CSRA test, only 43.3%

of the cases were correctly classified, while in the

modified test, only 40.0% of the cases weres correctly

classified. ’ ‘ .

S

At the onset of this investigation, based on existing
literature, the assumption was made that the A players would
probably have better aerobic and anaeobic fitness than the B
players who, in turn, would be fitter than.the C players.

Previous investigators have elaborated on the importance of

fitness for successfull play in squash. Broadhead (1967)
conducted a study in which subjects were grouped by

..rankings. He measured their scores on the Broadhead rebound.

test and a step test. He concluded that the reproduction of
a rangé of strokes and superior physical conditien accounted
for a large proportion of the variance in s;:ores.
Fur thermore, both tests discriminated between the different

levels of players. : .

a
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, It vas therefore aqéumed. in the pteéent study, that
the subjects' fitness levels would match their rank levels.
In this study this was not the cage. Theiﬁéz max values for
the three levels of squash ﬁabflity were similar. Despite
the greater varjability found in the znaérobic endurance
scores among the three l}vels, there were no :signifiéant
differences reported. It may therefore be possiﬂ;e that the
skill 1level of the players determined their rankings.
Perhaps in the province of Quebec fhe competition is such
that the "A" .playérs rely more heavily on their ability to
reproduce a range of strokes-as well as on their tactical
abilities, Quebec women may thus be @Qapable 3{ success
without high 1levels of aerobic and anaerobic fitness
cdhpared to other sports. When they compete outside of the
prov%nce of Quebec, such & in Ontario tournaments and in
national championships, they are no longer among the top
perfo:meré. There are no Quebec players inc.uded in the
1984 national rankings of the top 20 squash players. 1In
addition, in the 1984 Canadian women's softl ball
championships, the two players from Quebec failed to advance
to the second round of play‘ in a six round tournament
(Canadian Squash, 1984).

The question therefore arises as to whethet it is
possible that the modified test of squash fitness would have
discriminated between different levels of squash players if

a larger sample representing players from several provinces

had been used. The results of this study may suggest that,
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within the sample, fitness was not the primary factor
determining success in compet%ﬁion. It may be that A level
players, who ’had no better level 5f aercbic and anaercobic
fitness than‘B .and C level players, had greater success

because of superior technical squash ability.

]
°

5.4 Reliabili;y and Objectivity Results

The three important characteristics of a good field
‘test are validity, reliability ’and objec£ivity (Baumgartner
and Jéhnson, 1975). <If any of these factors are lacking the
test cannot be considered to have scientific construction

and is of 1little worph.

- The concept of reliability has been present since the

early part of the century (Safrit, 1976). According to.

Carmine; and Zeller (1983) reliability can be defined as the

e#tept to which an experﬁment, test or any measuring

prpcedure,m yields the same results on repeated trials.

Synbnyms for reliability are: ~dependability,‘ StabilitX;

consistency, predictability and accuracy (Kerlinge;, 1964) .

A correlation coefficient is used t®o determine the degree of
|

agreement between thé trials.

« Objectivity is a concept closely related: to

- reliability. It is defined as rater reliability

(Baumgartner and Jackson, 1975; Safrit, 1976). If a test is
objective there will be close agreement between the scores
.assigned to .each subject by two or more judges. A

correlation coefficient is calculated which indicates the
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degree of agreement Between the s'.corers.

In, the pteserit investigation the <modified test OJf
sthash ‘fitness was administered on two, separate dayé in
'otderg to est:ablish its reliability. For each testing
session there were two scorers present fo time the subjects

“

duringg the tests. The results were then analyzed to

- determine reliability and objectivity.

1 Y

In the past, the commonly accepted practice for
,estimating test reliability involved the produ;:t-momen,t
correlation cogffi'cient or some vagiation of it (Felldt‘ and
McKee, 1958,:/\ Liba, 1962; Kroll, 1962). However, an
important limitation of this estimation method is that it is
a bivariate statistic and should be used to determine the
relationship between two different varoiables. When subjects
are tested twice on the same test or two judges "rate,the
performance of each subject, only one variable is measured,
and a univariate statistic should be used (Safrit, 1976). .-

In ;:he_ present investigation, the estimation of
reliability and objectivity was determined by the intréclass
correlation coefficient through the analysis of variance
approach, a univariate statistic. ‘ The intraclass
correlation coefficient for reliabiliity was found to ize
0.89.’ The correlation coefficients for objectivity were
0.95 and 0.94 for days one and two. These values provide

strong evidence for the establishment of ‘reliability and

objectivity of the modified test of squash fitness.
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CHAPTER VI s
. SUMMARY, CONCLUSIONS AND 'RECOMMENDATIONS N
6.1 Sumniary ‘
The purpose of this investi’gation was to establish ‘the

/

' validity, reliability and objectivity of a field test of
squash fitness. The exis"ting field test for squash,
developed by the CSRA (1982), was based on work periods of
10-25 seconds. Its application as‘ a trainin(g device .is
suggested for all levels of players. The modified field
izest of quua's‘h fitness used similar court patterns to the
previous test, however differs in the duration of the work

and recovery intervals. This modification was based on

_prior studies of time analysis during squash play in which'

" rally times were found to be less than 10 seconds. It was
believed that the , modified field test of squash fitness
would be more representative of a typical rally during
squash play and could be applied to a greater range of
‘squash players.j “ ‘ ' o

A total of 30 female squash players 'from the Montreal

area, tepresenting three levels of play (A, B, C), were used

in the study. The subjects performed two laboratory tests:

an aerobic power test and an anaerobic endurance ‘test, and

three field tests. The field tests consisted of the CSRA

test and the modified test which was °‘administered twice in
< ‘n

‘order to establish its reliability, The aerobic power of

the subjects was determined during a graded treadmill
a4
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éxefcise protocol and anaerobic éndurance was determined
from an exhaustive sErinE on the treadmill.

The first hypothesis of this investigation stated that .
there would be a statistically significant correlation
betéeen the recovery measurements £from the modified field
test and the ée;obic! power laboratory test VO values.
Results revealed an r value of 0.38 which was significant at
the 0.05 level. This provides further evidence of the
association between maximal oxygen - consumption and recovery
heart rate as r:;orted in the literature.

The second hypothesis predicted that there would be a
statistically significant correla&ion between the
performapce times (total repetition time and drop-off index)
of the modified test and anaerobic endurance laboratory
test. Total repetition time w&% negatively correlated with
VO max (r=-0.52, P<0.0l1) and negatively correlated with
anaerobic ‘endurance (r=-0.63, P<0.01). It was conclgded
that total repetition t}me is a better predictor of
anaerobic endurance than- of aerobic fitness. There was no
statistically significant correlation between the drop-off
indekx and any of the laboratory tests.

It was hypothesized that the modified test of squash
fitness would discriminate between sguash playersﬁof varying
ability (A, B and C level). ‘The assumption was made th{??}

the fitness levels of the players would vary according to

their ranks. This did not prove to be the case. The
)

~modified test had no discriminant powers and as a result
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construct validity was not established. .

The fourth and fifth hypbtheses were concerned with the

reliability and objectivity of the modified test. The.

AN

intraclass ° correlation coefficients, using the  ANOVA

‘approach, revealed values of 0.89 for test-retest

“reliability, and values of 0.95 and 0.94 for objectivity

(days one and two). These values cqqnfirm the reliability
and objectivity of the modified test Of squash fitness.
6.2 Conclusions )

Within the limitations of this study, the following
conclusions seem justified: ‘

1. The modified' test of: squash fitness demonstrated
criterion related validity. |

2. The modified test of sqﬁash fitﬁess did not
discriminate between A, B and C level women squash playérs.
3. The modified test proved to have high reliability and
objectivity. ‘ }

It is recommended that“the modified test of squash
fitness be used for the general popuiétion invdlved in
squash play. 'Because of existing discrepancies in research

- .
findings > regarding thg& significance of the performance
&

variables, it is proposed that the modified tést be used in

conjunction with laboratory tests.
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6.3 Recommendations

%

The following

investigations:

-

93

(.

recommendations are proposed for. future

1) Further studies should be gonducted tc/’examine the

relationship between the drop-off index and laboratory

measurements.

[y

2) Follow—-up studies should be conducted using different

samples including malé/players. youth players, and samples

drawn from various

test the construct

e

fitness.

geographical areas, in order

validity of the modified test of squash

»

14

to further
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APPENDIX A

The many faces of aerobic fitness

BUONOm: Changes

e R Nt S Y it AW N B e o P e

- e e i

MAXIMUM RATE OF .
AEROBIC ENERGY PRODUCTION i .
{rrarimum Ogintake (V02 max)) MAX WORK RATE (POWER)
FOR PRCLONGED
] PERIDDS (cxer 30 min)
WASTE REMOVAL
Le tacte aciz
FATIGUE RESISTANCE
MAXIMUM RATE OF AERODIC
ENERGY PRODUCTION
Wmmiﬂuhhquchwmumm
[Arserctre Theeshoke W) MAX WORK RATE (POWER)
FOR SHORTER
FERIODS (318 min )
WASTE TOLERANCE
fie acutity]
HIGH TOTAL AMOUNTS
OF ENERGY EXPENDED
ATP STORE REPLACEMENT
\ RECOVERY
OPIATE RECEPTOR ACTIVATION
N THE BRAIN \
AESTHETIC FEELING
OF WELL-BEING
THE ADRENALIN HIGH —
* ° STRESS REDUCTION
PARASYMPATHETIC DOMINANCE |—

(SOURCE:

14

from H. Wenger, 1981.

With permission)
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. APPENDIX B

Criteria for the evaluation of field tests (Reed, 1982)

Ten criteria have been identified as gquidelines
for the evaluation of field tests of fitness. The
criteria suggést the basis of test validity,
reliability and objectidity:

'It is necessary to establish the validity of:

1) the simulation of the performance.

2) the selection of the physiological measurements.

The physiological measurements should be:

3) sensitive and responsive to the training for, and
execution of, the target performance upon which the
field test is based.

4) used to monitor the intensity of the'effort.

5) recorded daring. . recovery in field tests of

intermittent sports.

ﬂﬁé following criteria are suggestéd for
establishing reliability:

6) use of standard test-retest procedures.

7) the conditions under which the reliability of the
field test was established should be identified
carefully.

8) field tests should be used under environmental

conditions similar to those under which their

[
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reliability was established.
9) where péssible, field test reliability should be .
established over a range of environmental situations. .
4 !
10)field test objectivity should be established by
standard test-retest procedures using different  test
administrators. .
;
' d
3
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APPENDIX C

Procedures for the administration of field tests.

I. Format.

®

1. Subject warms up (invégffgiEBr sets up court
markings). |

2. Investiéator verbally describes the pattern.

3. Investigator demonstrates the first three steps.

4. Advise subject that the investigator will give

verbal cues.

5. Subject must touch inside all targets.

II. Six point squash fitness test pattern (verbéL
description). »

Subject must run as fast as possible.

1. Stand inside 'T' box with both feét.

2. On word 'go' run to' right side wall and touch wall
inside the target with the racquet head.

3. Return to 'T' and touch one foot inside box.

4. Run to right front corner, touch racquet inside

target and return to touch one foot inside the box at
the'T'.
5. Run to touch right side wall and back to 'T' three

times.

?

6. Run to back right corner and back to 'T'.
7. Run to left side wall and back to 'T’'.

8. Run to front left corner and back to 'T'.

e on sl Lo
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9. Run to left side wall and back to 'T' three times.
io. Run to back left corner and back to 'T°'.
Test ends as one foot touches inside of box at the

IT|. ’ 4

III. Modified test of squash fitness éattern.

Subject must run as fast as possible.

(Repetition numbers 1, 3, 5, 7 and 9)

1. Stand inside 'T' box with both feet.

2. On word 'go’' run to right sidg wall and touch wall
inside the target with the racquet heqd;

3. Return to :T' and touch one foot inside the box.

4. Run to front right corner, touch racquet inside
target and return to touch one foot inside box at the
tpr,

5. Run to left side wall and return to 'T'.

6. Run to left back target and return to 'T'.

(Repetition numbers 2, 4, 6, 8 and 10)

1. éun to left side target and return to 'T'.

2. Run to left front target and return to 'T'.

3. Run to right side target and return to 'T’'.

4. Run to right back target and return to 'T'.

Test ends as one foot touches inside of box at

the 'T'.

S
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Sample daéa sheets

The six-point squash fitness test
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APPENDIX D
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Court temperature:

Player Level:

Date:
.Name:
<
Rep. No.
~ l \
' 2
{
3
4
- 5
6

Slowest Time:

Fastest Time:v

Drop
H.R.
H.R.
H.R.
H.R.
H.R.
‘I-I.R.

H.R.

Recovery heart rate

“

Off:

at 0:00 (endaof last rep)

at

at

at

at

at

at

0:30
1:00
1:30
2:00
2:30

3:00

Time

0:00
0:40
1:20
2:00
2:40
3:20

AN

difference

Finish (s)

o

TotalaTime (s)

s
beats-mint
beats-minl

beats-minl

beats-min}

beats.min”t

beats-min’l

beats-min}

beats.min}
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Modified test of squash.fitness

‘H.R. at 2:00

H.R. at 2:30 -
H.R. at 3:00

Heart rate recovery difference

o

\ .

Date: ‘ Court temperatute:‘
lﬁuég Player Lgvel:
Rep. No. Time ~ Finish (s) Total time (s)
! 0:00 o '

2 0:20 _

. 3 :40 | )

4 . 1:00 -

5 1:20- -

. ]

6 . 1:40
.7 2:00

8 P 2:20

9 2:40 - ’
.10 3:00 |
Slowest tim"e: . s
‘Fastest time: : .. s
Drop Off: . S
H.R. at 0:00 (end of last rep) beats.min '
H.R. at 0:30 : % - peatsemin’
H.R. at 1:00 . | beats-min
H.R. ‘at 1:30 beats.mim'1

beats-min -
beats- min®
beat:é-min-1
beats.min -
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[

ComputeFized systems approach for the collection and analysis of respiratory and metabolic data
. e ’ :
- : -
Subject ¢ =1 Treadmill Manual Entry
Inspired Breathing Mixing Chamber Thermonmeter -
Alr | Valve i for Expired Air
Turbine Flow Meter ‘Work Barometer
Volune Analyzex.: 02 Analyzer||CO2 Analyzer ' ) Humidity
| | ! Beight
. Computer Interphase -
CALCULATIONS STORAGE - RETRIEVAL GRAPHICS
Vi (1/min) T.V. (1/breath) V02 (1/min) vo2 (ml/kg min) Mets kcal R VCO2 (1/min)
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APPENDIX F - 1
Detérmifation of anaerobic threshold
.
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- APPENDIX G ‘ .
Court markings
A. Six point squash fitness test
Sb;t 12 60 cm back from fr:'ont: wall,
60 cm from the floor,
Spot 2: 140 cm directly above the short line.
Spot 3: 60 cm forward fx:o;n back wall.
60 cm from the floor.

L]

Three corresponding markers are also located on the

' left hand wali.

S~—

B. Modified test of squash fitness

4

Spot 1: 60 cm back from front wall,

60 cm from the Eloor.

P — e e e

o 'Spot 2:.140 'cm directly above the short line.~
Spot 3: 140 cm diréc'tly above the short lir;e
(left hand wall).

Spot 4: 60 cm forward from back wali.

60 cm from the floor. - c

e [
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