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ABSTRACT 

t 
, 

The J?urpose was to establish the validity, reliability 

and objeetivi ty of a field test of ~quash fi tness\, It 

involved arunning a prescr ibed pattern in 
J 

a squash court 

similaf tothat used in the' CSRA fitness test. Thirty 
1 

voluI)teer females performed an aerobic power test, an 

anaerobic endurance test and three squash field tests. 

Correlation coeff ie ients were determined between 
t: 

the 

laboratory tests and total repetition time, 'drop-off index 

and recovery heart rate of the field tests. Total 

repetition time cor related wi th the VO max (r=-O. 52, 

P<O.Ol) and anaerobie endu~ance (r=-0.63, P~O.OI). The 

correlation between recovery' he~rt rate and ,va max was 

r=0.38 (P<O.05). The -test did not discriminate between A, B 

and C level pl.ayers with respect to aerobie and anaerobic 

fi tness. Thus cr ~ ter ion related validi ty was shown but not .. 

construct validi ty. Intraclass correl.a tion coeff reients of 

0.89 and 0.94 attested to the reliability and objectivity of 

the test. 
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RESUME 

Le but de cette etude etai t de determiner la validi te, 

la fiabilit~ et l'objectivite d'un test pratique mesurant la 

condi tion physique au squash. Ce test oimpliquai~ des 

deplacements rapides suivant un parcours donne similaire a 

celui utilise dans le test de condition physique de la CSRA. 

~' Trente volontaires de sexe feminin ont. participe au pr"ojet, 

en se pretant, a un test de puissance aerobic r un test 

d'endurance anaerobic, et trois tests pratiques. Des 

coefficients de correlation ont ete determines entre les 

tests en labor a toi re, et la duree totale de repetit ion, 

l'index de diminuat ion et' le rythme cardiaque d\ 

recuperation observes dans les tests pratiques. D,es 

relations signif icat ives ont ete calculees entre la duree 

totale de repet i tion et le VO max (r,=-O. 52, P<O. 01) et 

l'endurance anae robic (r=-O. 63, P<O. 01) • La relation entre 

le rythme cardiaque de..:: recuperation et le VO max a ete 

calculee a r=0.38 (P<O. 05). Le test n,' a Q.u distinguer entre 

les jbueuses de calibres A, B et' C en rapport avec le niveau 

des systemes energetiques aerobic et anaerobic. 

Consequemment, la val idite interne du test a ete etai)! iè, 

pendant que la validi te externe n'a pu etre demontree. pes 

coefficients de correlation intra-classe de 1· ordre de 0.89 

et de 0.94 é\ttestaient de la fiab~lite et de l'ôbjectivite 

du test. 
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CBAPTER l 

INTRODUCTION 

During the 20th century, squash has acnieved great 

poPularity in Many parts of the world. The game of squash 

originated with the ancient Egyptia,ns and- by 1850 the birth 

of "squash racquets" was a fact.CHorry, 1978) • The first 

national squash championships were held in the United States 

in 1907. The first Canadlan championships occured in 1912 

followed by the British national champianships in 1922. 

Whi1e the official -qame of squash wa~ a British invention, 
1 

bath Canada and the United St~tes had publishe'd formai rules 

and court specifications for the North American (hard baIl)" 
D 

game Many years before any rules were formalized in Great -

Britain for the international (sof~ baIl) game (Stewar~, 

1979) . 

Squash is an easy game ta play ; it is a difficult game 

to play weIl. ·oespite its complèxity, the game is one of 

the world's fas~t. growinq sports (Zuber, 1980). The 

P9pularity of the sport has to·do with the health benefits 

abtained fram participating, as weIl as with a number of 

factors 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) equipment is" comparatively inexpensive and 4) a 

number of courts can be built in a small area (Zuber, 1980). 

Participation of squash in Canada has increased' in 

recent years. Many organizations have been faunded in arder 

to further develop the game. The Canadian Squash Racquets 

\ 
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Asspciation (CSRA) is the national qrganization. while 

organizations such as Squash Qu~bec and Ontario Squash offer 

leaders~ip at the provincial ,level. 

The Quebec Squash Racquets Association was formed in 

the la te 1920's. 

existed in Quebec. 

At that time '9nly half a dozen clubs, 

The, growing interest in squash has led 

ta the estab1ishme,nt of ,~6 clubs in Quebec including 185 
• ..... n 

courts" ~d ove~ 20,000 amateur 
J ' 

squash players and officiàls 
-" 

(Quebec Squash, 1983). . . 
• ~ ~" 1 • 

As, in aIl ..torms ~f éxercise, physical fitness is very 
- ... 
important for successfu1 participation in squash, as weIl as 

for the 
\ , 

enJoyment of the game (Sharp, 1977, 1978a, Farr, , 

1980; CSRA, 1982). This is true for recreationa1 squash 

playe~s as weIl as national and international calibre 

p1ayers. ~ 
The eva~uation of physical fitness, as it relates to 

sport performance, has been a major topie in the applied 

area of sport phys~ogy for many years. A number of tests 

have been devisedo in order to measure physical fitness 

components specifie to ~ferent activities. They include 

laboratory tests using sophisticated equipment as weIl as 

field tests in which the investigator attempts to simulate 

actual activity patterns. For se±entific acceptance of 

these tests, their validity, reliability and objectivity 

must be estab1ished. ' It is ;mportant ta determine whether a ' 

test evaluates Jwhat ii purports to measure, is dependable 

and iâ objective. 
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1.1 Nature and Scope of the Problem 
r 1 

The nature of the game of squash is such that it 

requires repeated short bouts of work interrupted by short 

periods of active rest. .This specifie \:»attern of acti.vi,ty 
. 4 

results ~n a series of unique physiologieal adaptations 

which are associated with it. 

Several squash authorities have commented on the nature 

of the game anc) c~>ns~quent;:ly have identified the important 

factors that are neeessary for successful participation in 

the spor:t (Griffiths, 1~78; Sharp, 1978a; Zuber, 1980). 

Whereas different characteristi<!s are cited bY, these 

FITNESS. qualit;y ls found in every list: aut~orsl one 

Although it has various connotations, physical ; fitness can 

be defined, in general terms, as the capacity to meet 

present and potential phys~~l challenges of life with 

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

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

ab~lity to carry out daily tasks with vigor and alertness, 

wi thout--'icMOdue 
y~ , 

fatigue, and with ample 
ç 

energy to enjoy 

1èisure-tlme pursuits and to meet unforeseen emergencies. 

DiGennaro (1974) states thatphysical fitness 'consists of 

three components: lean body weight, neuromuscular 
'. 

efficiency,-and cardiovascular-rfspiratory efficieney. Farr 

(198~> defines fitness as a 'global' term consisting of 

st~ength, speed, stamina, suppleness and agility. 

Recent literature on various sport activities supports 

.. 

---~'--------~----~-------------------~iJ~lœ~~R$~W~F.~~,$~,«~i[~,,!~,-----------
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the notion of speci-ficity 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 

systems for the sport. Investigators have expressed varied 
~ 

~sitions regarding the contribution--of specifie energy 

systems for the game of squash. For example, Broadhead 

(1967) and sh1rp ~(1977) described physical fitness in terms 

of aerobic power. Sharp (1978c) acknowledged the importance 

of -the anaerobic lactic acid sY8tem but in a later 
" 

publication, Sharp (1979) concluded that squash is a 

predominantly aerobic activity. 

Physical fitness assessments can assist the 
) 

coach and 

athlete if the evaluation is specifie to the sport. The 

results May reveal strengths and weaknesses which can be 

used to guide the' athlete's training. Laboratory tests 

using simple as weIl as sophisticated equipment have been 

conventionally used for the measurement of physiologicai 

variables. In Many instances it is possible to obtain 

valid, reliable and objective 

conditions with the use of 
, 

measures in competitive 

field tests, whlch, when 

carefully constructed, are no less scientific than the more 

traditional laboratory tests (Reed, 1982). Reed state~ that 
6 

field tests should not replace the laboratory tests but 

should compliment the laboratory findings. 
" 

Recently, in an effort to improve the fitness training 

AJ.S 4 t 
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of _national team members, the CSRA commissioned the 

development of a squash specifie training program (CSRA, 

1982). The fitness requirements of squash were assessed 

using time-motion analysis. Since the rallies varied 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 syst~m. 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 trai~ing program, a field fitness 

test specifie to squash pattern~ 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 

<1 

conducted during several tournaments involving players of 

different levels (CSRA, 1982). From these data, ~he 

'six-point test pattern was deve10ped in which diagonal and 

latera1 movements were established (figure 3.1, p.48). The 

pattern was designed to last about 20-25 seconds and provide 

approximately equal recovery time before the next repetition 
• 

was initiated. Each pattern was repeated six times, 40 

seconds apart, in arder' to tax the anaerobic system. At the' 

end of the sixth repetition, recovery heart rate data were 

, 0 
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recorded for assessment of aerobic fitness (A.Reed, personal 

co~nication, September 17, 1984). 

The literature ort intermittent exercise, suggests that 

the critical factor for the subsequent pattern of energy 

system utilization is the length of the ~ork periods. The 

duration of the recovery pause is reported ta be of 

secondary importance (Astrand et al., 1960a; Edwards et al., 

1973). 

Contrary ta 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). In these studies an 

exercise ta recovery ratio of 1:1 was reported. 

Discrepancy, however, exists with respect to the length 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 simu1ate the specifie time patterns of 

squash play. This test uti1izes a slmilar court pattern to 

that developed for the CSRA 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 specificity in the uti1ization of a test. 

Its validity, re1iabi1ity and objectivity must be 

established before the test can be used in evaluation and/or 

prescription of training regimes. 

\ 
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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 athlete's training program (CSRA, 1982). 
,f 

Laboratory tests, as weIl as field tes~s, 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 ~atches by a 

number of investigators (Docherty and Howe, 1978; Beauchamp, 

1980; Montgomery et al., 1981; Constantinides, 1984). 

Consequently, the CSRA test does not appear to satisfy some 

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 agame 

rally is shorter than 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 e~penditure resulting 

in prolonged recovery . 

It is therefore proposed that a new test he developed 

in order to replicate the work periods during àn actual 

squash match. It is- believed that the modified test will 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, the .. 
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CSRA recommends oits use for aIl levels of players. Its 

application to a' broader population is questioned. If the 

validity, reliability and objectivity of the modified test 
/ 

can be established, 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 statisticalry significant correlation will exist 

between the recovery measurement from the modified field 

trst and the aerobic power laboratory test (V02 max values). 

2) A statistically significant correlation will exist' 

between the performance tirnes (total repetition tirne and 

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

·anaerobic endurance laboratory test. 

3) The modified test will discriminate between squash 

players of varying squash ability (A, Band 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 crit~rion 

related validity while the third hypoth~sis will test 

1 

1 
8 1 

1 
1 
1 
i 
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construct validity. Reliability will be verified in the 

fourth hypothesis and objectivity will be examined in the 

last hypothesis. 

, ,. 

1.4 Operational Definitions 

International court (English): the offIcial court in which 
f 

squash is played in rnost countries of the wor1d. Its 1ength 

is 32 ft (9.75 rn) and its width ls 21 ft (6.10 rn) as 

compared with the American court in which the length and 

width are 32 ft (9.75 m) and 18 ft (5.49 ml, respectively. 

~ 

! spot: the intersection of the short line and half court 

line on the floor of the squash court. This spot i5 six 

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

.. 
~ level player: one who is placéd in the A divtsion by the 

9 

Quebec Squash Association and/oi has played during the 

previous year in at least one A level tournament organized 

by Squash Quebec. 

'B' level player: one who i5 placed in the B division by the 
l 

Quebec Squash Association and/or has played during the 

previous year in at least one B level-tournament organized 

by Squash Quebec. 

~ ; 
J 
\ 

1 

l 
1 

~l 
1 

- !-

1 
1 
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(. 'C' 1eve1 p1ayer: 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 tour~ament organized 

by Squash Quebec. 

Construct validity: is concerned with the extent to which a 
" 

particular measure relates te 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 

be1ieved te measure the attribute under study (Kerlinger, 

1964) • 

Re1iabllity: the extent to "which a test or any measuring 

proceduie jields the same results on repeated trials 

(Carmines and Ze1ler, 1983). 

Objectivity: an estimation of rater re1iabi1ity (BaumgaFtner 

and Jackson, 1975). 

Maximal Anaerobie " ' Endurance: the run time during a short 

exhaustive run on the treadmi11 set at 188 rn/min with a 20% 

grade (Cunningham'and Faulkner, 1969). 

" 

1 
1------.. 

\ 

, " 
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Maximal Aerobic Power: 

consump~ion which can be 

the highest 

consumed p~r 

level 

unit of 

of oxygen 

time by a 

person during a progressive exercise test péfformed to the 

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

*"" Total Repetition Time: ,the sum of the six repetitions in the 

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

.repetitions in the modified test" of squash fitnes\s. 

\ 

Drop-off index: the difference between thJ fastest 

repetition time,and the slowest repetition time. 

, 

1.5 Delimitations 

This study was delimited in the following respects: 

1) On,ly female players from the Montrea,l area served as 

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. o 

, 
4) Data were col1ected during the Middle part of the 

competitive season. 

! 
1· 
f' 
: 
/, 
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1.6 Liaitations - ) 
No attempt made the diet 1) vas to control pattern' of 'the" 

subjects in this study. 

2) ,No attempt was made to control the exereise pattern of'î 

the subjects in the study. 

3) Throughout the tests, war.-up procedure was not 

standardized. ~ubject8 were, however, encouraged to warm-up 

either by stretching and on court-running, or by hitting,the 

baIl fo~ four to five'minutes in the court. 
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CHAPTER II 

'1 
" ' REVIEW OF LITERATURE 

The review of literature is divided into f~ve sections: 

2.1 Nature of the Game 
1 

2.2'Energy System Utilization 

2.3 Racquetball, S1milarities and Differences 

2.4 Phys~ology of Intermittent Exercise 

2.5 Field Tests in Squash 
o 

2.1 Nature of the Game 
. 

• 

The game of squash racquets has changed considerably in 

the last one hundred years. The rul~s have undergope 

certain modifications and the use of the soft baIl has been 
. 

adopted by nearly every squash playing country in the world 
j --
~ , 

(Swift, 1980). Squash has gained popularity because of its 

appeal to a wi,de range of persons. It has become the game 

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

modern ~ife demand agame which gives maximum exercise in 

the minimum time, at a reasonable cost, at any time 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), squash Is a . very high 

energy expending sport (15 kcal/mln or 63 kJ)~ Méntpetit et 

a1.(1977) state t~a~_~uash player expends approximately 

12.25 kcal/min (51 kJ). Both studies" provide a-high value 
• 
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in. terms of energy expenditure per unit of time. According 

.r;::. ~o' McArdle et al. (1981) squash is c1assified as an activity 

involvülg "undu1y heavy" energy exp~nditûre. 
, 

The relation~hip between p1aying ability and the 
, C 

physica1 demaflds of a sq.lHlsh workout has been studied by 

several investigators. 
~,. 

Montpetit et al. (1977) emphasi~ed 

the importance of matc~ing players of equal ab~l1ty if both 

part~cipants are to obtain a good cardiovascu1ar workout. 

Docherty and Howe (1978.) also investigated the heart 
-~( . 

rate response of squash p1ayer~ during a 30. minute game 

against an opponent of equal abi1ity. Thirty male subjects" 
~ 

were divided into three groups according to skill leve1: 

highly skilled (' A' leve1 tournament 

ski11ed ('C' level tournament players) 

players) , 

~n~" low 

medium 
CI 

skilled 

(players with no tournament experience). They concluded 

that the physica1 demands of playing squash were independent 
, 

of the skill leve1 of the participants. 'l'he similarity in 

the physica1 demands of 30 minutes of squash play between 

the differept skill groups suggested t_hat the high skilled 

and medium ski11ed groups have developed efficien'e stroke 

~roduction, better court· coverage and superior anticipation 

over; that of the 1ess ski11ed players (Docherty and Howe, 
" 

1978) • Since squash is played within a walled court iI\. 

which there ls considerable margin for errpr, a. stroke can 

be ~oorly executed but still remain in-play. The error 

margin couplell wi th poor anticipation an4 the inefficient" 

movements of beginner p1ayers may be responsible for the 
" " 

--~lr------:---:i"---'----
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" similarity in the strèss levels of the' low skilled group 
-;t'--

when compared to the ~dium and high skilled groups 

(Docherty and Howe, 1978). 

Whîle a winning performance May have numerous 

components ,( such as those cited previously) , Broadhead 

(1967) 'claims that two ~ar'iab1es outwe~gh aIl others when 
t. 

determining the outcome of a squash match. These variables 

are, the abilit,Y of the- player to keep the baIl in-play by 

being able ,to reproduce a ~ange of accurate, strokes and, the 

abili ty of the player to complete the match through superior 

physical condition. 

In hi s study, Broadhead used 39 successful Amer ican 

players ~ subjects were grouped by rankings: 1) The . 
nationally seeded players ( 2) nationally ranked but unseeded 

players, and ~ 3) nationally unranked player!? He measured 

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

Stroking ability was defined in terms of grip, bacKswing, 

preparation, contact of the baIl. and body posi tion~ As-tep 
t'l 

test was used to assess fitness since the abili ty to recover 

aftér il bout of eXj:!rcise seemed particularly important. It 

wa's 'concluded that the reproduction of a range of accurate 

strokes and super ior _ physical condition accounted for a 

large proportion of'the variance. Furthermore, both tests 
• 

discr iminat,ed between the different levels of players. 

From these two variables stems Broadhead 1 S 

classification of ~quash players as "good strokers" and/or 
,l, _ 

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

a 

, 
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move very efficiently on a continuous basis, while the "90od' 
, 

strokers ft rely on their abili ty to produce a variety of 

precision strokes wtth great consistency. Thi s no doubt 

accounts in part for the variability among squash champions 

in terms of style as weU as age. For example, Bashim Kh~ 
dominated the British game of squash racquets from 1950 to 

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

championships. Experbs refer\ to him as the "master H of 

strokes. On the other hand, Jonah Barrington, a contendêr 

for the British Open crown several times, has been described 

as a "retr iever" sinee his greatest asset was his abili ty to 

get to almost any baIl hit by his opponent. - .\ 

Racquet sports in general have alternating periods of 
... 

1 

high and low work intensi ty. In squash, the exercise is 

broken up by an approximate 10 second gap between rallies 

(Sharp,1979). In order to comprehend the nature of the game 

of squash, particularly as a form of intermittent exercise, 

J various investigators have performed time-motion analyses by 

whieh the game is broken down into various components. 

" , 

The CSRA (1982) conducted time-motion studies on a 

number of national 1evel mate and female players. These 
, 

studies indicated average rally lengths ranging from 10 , 
seconds to 25 seconds arnong players of international 

calibre. An approximatel: l work to recovery ratio _ was 
\ 

found to ~st. As a resul t of this "finding the six-point 

test was developed (A.Reed, persQnal communication, 

September ,17, 1984)". 

1 
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Montpetit et al. (1977) investigated task analysis 

during 41 

beginner, 

games of racquetball and squash involvi09 
> 

intermediate, - and advanced players. They 

measured: 1) duration of agame, 2) number of hits by one 

player dur ing a game, 3) number of hi ts per minute, and 4) 
• 

percentage of active time. For squastl, the average game 

duration was 6.5 minu'tes with the players involved in 

rallies 65.6% of t,he game.-~ The players averaged 9.2 hi ts 

per minute or 57 hits per game. 

Docherty and Howe (1978) reported their time-motion 

analysis data according to skill levels. They "found Mean 

rally times of 8.8, 8.4 and 5.4 seconds for highly skilled, 

medium skilled and low ski~led players, respectively. , 

In another study ,( Beauchamp, 1980 ) in which 

physiological nfe~surements were taken dur ing. racquetball and 

squash matches, time an~~yses 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 inrplay 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 ilrate response 

of 45 minutes of running wi th ~5 minut.s of squash play. 

Ten recreational squash players served as subjects. It was 

report~ the squash baIl was in-pl~Y ~2% of the total 

game time, and the Mean du ation of a rally was 7.7 seconds. 

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



~-.~,.. ________ ._, ... t •• __ dl ... _ ..... _____ .. l1 ... 1!'1IU-----_ ........ ____ _ 
/ 

_ ___ . ____ wt. l ~ ,..; 

() 

18 

A'pilot study was recently conducted during the Ouebec 

Open Squash . Championships he Id in Montreal 

(Constantinides, 1984). Matches involving women·s A, Band 

C level players were recorded and measurements taken ,in 

order 'to assess the,duration of the rallies (work periods) 

and the time between rallies (recovery periods). Whereas 

work periods as long as 34 seconds were recorded, the 

avèrage work .values for A, B, and C levels were: 6.5, 7.1 

and 5.9 seconds, respectively. The mean 

recovery per~ods for the same levels were: 

seconds, respectively.· 

v~lues for the 

V 6.4, 7.2 and 6.3 

With the exception of the findings by the CSRA, aIl the 

aforementioned studies have tound 
'1\ 

l~ss than "10 seconds in duration. 
• 

an average rally to be 

The importance of the 
~ 

duration of the work and recovery perlods is discussed in a 

later section of 'this review of li terature. 

2.2 Energy System Utilization 

In any kind of physical 

be supplied to the tissues in 

activity, chemical energy must 

order to observe sorne forrn of 

biologie work (McArdle et al., 1981). There are three 

energy systems whieh provide adenosine triphosphate (ATP). 
o 

Adenosine triphosphate is the energy eu~reney of the body. 

The first two, ATP-CP and lactie acid (LA), are eonsidered 

anaerobie. The third, the oxygen ~ystem (0 ), is referred 

to as aerobie. 1he ATP-CP system (or the phosphagen system) 

is extremely limited in its ability to produee large amounts 

- . 
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C" , of ATP (Fox 1979; Fox and Mathews 1981; Green, 1982). The 

quantity of avai1ab1e ATP within the muscle has been found 

to increase with conditioning, whi1e the CP values remain 

( 

the same after training (Karlsson et al., 1972). After the 

first 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 

avail~bility of energy rather than in the quantity. Lactic 

acid accumu1ates when there is an inadequate amount of 

oxygen available at the cellular level. When the ATp"':'CP 

system i& 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 act i vi ties in which 

the LA system is important, at least one of the other two 

systems also is a significant 

is important to note that the 

contributor of ATP supplY. It,~ 

three energy systems cannot be ~ 
1 

thàught of as isolated proces~es which operate independently 

during exercise; aIl three systems contribute concurrently 

(Green, 1982). 

A number of investigators have attempted to classify 

activities according to the proportion of the energy system 

utilization. Thoden et al. (1982) have parti,tioned 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 perc"entage aerobicl 
anaerobic contribution 

Maximum effort ATP-CP LA 02 
of worK (time) (%) ( %) (%) 

5 s 85 10 5 
10 " 50 35 15 s 
30 s 15 65 20 

1 min 8, 62 30 
2 min 4 46 50 
4 min 2 z8 70 

10 min 1 9 
~ 

90 
30 min 1 5 95 

1 hr 1 2 98 
2 hr 1 1 99 

Thoden et al., 1982. 

Fox and Mathews (1981) state that the ftTP-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 en'ergy systems 

uti1ized in the game of squash (Blanksby et al., 1973; 

Beaudin et al., 1978; Sharp, 1978a, 1979; Montgomery et al., 
~ 

1981; CSRA, 1982; Northcote et al., 1983). In the CSRA 

manual (1982), it was stated that squash is an anaerobic 

sport involving repeated, 1engthy bursts of play with the 

majority of the rallies longer than 10 seconds. ,The manual 

states that "high level p1ayers can tolerate these rallies 

quickly removing lactic acid and demonstrating rapid heart' 

rate recovery. This fa ct indicates the involvement of the 

aerobic energy system in the recovery periods" (CSRA, 1982). 
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Aerobic fi tness appears to be an essential aspect of 

fi tness specif ic to squash. It is cr,i tical when performing 

relatively high intensity work for as long as possible as 

weIl as for rapid recovery , necessary between repeated bouts 

of high levels of power output. 

Wenger (1981) points out that aerobic fitness is net a 

simple, unidimensional character istic. He presents a model 

in which aerobic fi tness consists of many facets (Appendix 

A). As are sul t, an indi v idual' s aerobic fi tness will have 

different components developed to varying levels. Of 

Wenger' s seven components. of aerobic fi tness, the abili ty to 

reeover from high intensity exercise is of critical 

importance in squash sinee 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 descr ibe squash as an aerobie activity but 

wi th frequent forays _ into anaerobic terr i tory. Hence there 

is a need for both anaerobic and aerobic fi tness 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 ta promote and/or maintain aerobic 

fitness. Ten male subjects of intermediate squash abil,ity 

were used. Aerobic power andr lactate measurements were 

reeorded. Heart rates were moni tored by telemetry 

i ~ pl 
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throughout ~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 afte.r a game of squash was 24 mg% (2.6 mmol/l) 
\ 

with a stq,ndar~ deviation of 13.8 mg% (1.5 mmol/l). In most 

cases, the amoïnt of 'lactate produced after 45 minutes of 

squash play was \minimal despi te relati vely high intensi ties • 
\ 

The authors concluded that the lactic acid system did not 

play a major role in the game of squash. 
(" 

The involvement of the aerobic system in squash is not 
'. 

readily apparent because of the nature of the game. Squash 

is an activity with periods of high and lc:w work intensity. 

For discontinuous exercise to be considered as an aerobic 

activity capable of effectively improving aerobic power, the 

high intensity, work1oads must be long ~nough to bring the 

average intensity up to 70% of maximum heart rate (American 

C01lege of Sports Medicine,1981). 

The aerobic component of the gamè has also been 

examined by B1anksby et al. (1973). They studied heart rate 

respo~ses of middle aged sedentary, middle aged active and 

'A 1 grade male squash p1ayers using 25 subjects in each 

category. The maximum heart rate.$ attained dur ing 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 pro1onged and severe workloads. 

ti,eu ft 



i (- 'l . } 

\ 
i 

1 

1· 1 

f 

I·~· 

/ 
( 

----~ .. --~--.ï-- .. -~ .. ~ 
1 

23 

Montgomery et al. (1981) compared th,e heart rate 

response of runnin9 and squash. The subjects were asked to 

run 45 minutes' at a self-se1ected pace and to play 45 

minutes of squash wi th a partne~ of equal, abili ty. 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 continuou~ activity su ch 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 cardiovascu1ar system and the cause of sudden 

death during or shortly jafter squash. Twenty one male 

players from Scotlan~f similar average ability were 

monitored 45 minutes prior to the onset of the activity and' 

for 45 minutes during the actua1 squash match. The maximum 

heart rate dur ing play was 170 ± 16 beats • minI wi th a range 

from 144 to 197 bea ts. min-I When expressed as a percentage 

of predicted maximum heart rate, as defined by Astrand and 

Rodah1 (1981), this represented a mean of 90 percent. The 

mean heart rate during play (ca1culated every minute) was 

" 149 ± 18 beats· min-1 (range= 120 - 182 beats _minI ) which 

represented 80% ± 10% of predicted maximum heart rate. It 

was concluded by the authors that squash was an extreme1y 

strenuous activity. 

$2\ E ,Wg i 
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2.3 Racquetpa'll, Similarities and Differences 

, Racquetball is a game of very recent origin ~aving been 
, \ 

developed by Sobrek in Connecticut in 1958 (Reznik et al., 

11972) • Li'ke squash i t has -gained much popular i ty in recent 

,l, -'Y~ars. Both acti vi t ies are' played indoors, wi thin rour 
\ L 

\walls and both activities require the use of a racquet. A 

standard si~e 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 

~3.66 m) high back wall. 'This is considerably larger than 

an international or an American squash court. In addition, 

the baIl and the racquêt used jn the game of racquetball 

vary considerably from those used in squash. Since, many 

individuals are turning to racquetball and squash as 

a1ternatiye forms of exercise for'developing or maintaining 

a degree of physical fitness, several investigators 
1 

\performed studies which deal with task analysis and 

\assessment of various physiological variables related . . 

have 

the 

to 

racquet games (Docherty, 1~~2). 

Montpetit et al. (1977) describe 

~~ ---------.. 
racquetball as a high' 

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 

task analysis in order to gain information on the è~onents' 
of the, game. They determined that there were 140 hits per 

game, or nine hits pèr minute, with the baIl in-play 65% o~ 

the total playing time. 

UF #, 1 j~44.4 
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by M~olllery (1981) used nine _le 
l -=-

racquetball players classified as "A", ~B", or "e" level 

according to their performance in previou~ tournaments. The , . 
investigator observed 12 matches of "equal" competition ( A 
.- . 
aga1nst A, B against Band C against Cl. Twelve matches 

,were ohserved in which the observed player was "weaker" than 

_ the opponent, and, another twelve matches were played in 

which the observed player ,was "stronger" than the opponent • 

.. 

' .. 

. 
It vas found that in the matches in which the oppon~nts were 

of equal ability, 81% of the rallies were 10 seconds~or 
less, 16% were between Il and 20 seconds, and on1y 3% of the 

rallies were greater than 20 seconds in duration. . In the 

matches in which the opponents were ot unequal abili ty, ""85% 

of the rallies were 10 seconds or less, 13% were between Il 

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 descr iption of the results of the ~ask 

analysis in this study. 

'. 

.' 
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Table 2.2: ....... , tal1y duration and length as a percentaqe of 
total number of rallies 

salI 
Position 

Time 
(s) 

In-play 1-10 
11-20 

> 20 

1 

In-play Total (\) 
Average Cs) 

out-of-play' Total (%) 
Average (s) 

Montgomery, 1981. 

Equal' Unequal 
matches matches 

81 85 
16 13 

3 2 

44 44 
7.4 6.7 

56 56 
9.4 8.5 

1$ 

Time arlalysis was recently conducted duri~g singles and 

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

The duration of the [allies for singles competition was 8.6 

seconds while, for doubles competition i t ,was 8.3 seconds. 

The baIl was out-of-play' 9.6 seconds and 10.3 seconds for' 

singles and doubles respectively. The baIl was in-play 47\ 

. of total Ume in the singles matches, and 45\ of total tirne 

during the doubles matches. These results re-confirrned the 

findings of Montgomery (1981). 

In an attempt to determine the intensity and calorie 

cost of playing racquetball, Faria and Lewis (1982) reported 

,desèriptions of a game of racquetball. They stated that the~ 

baIl was in-play 32% of total game time, considerably lower 

than the times 'reported in the previous two studies, and 

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

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

(, 
, , 
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Investigators 'haye ais~ attempted to assess 

physiological responses during racquetball activlty. 
" Montgomery (19Bl) assessed the heart rate response of 

o 
racquetball 'players. The subjects (n=9) ~ere monitored 

during matches between players of equal abi1ity, one player 
• 

stronger than the opponent and vice versa~ Only ~ne player 

b ~as monitored at a time. When tbe monitored player was 

stronger, the heart rate intensity ,was 70%, whereas, wh~n 

the monitored player was weaker than the opponent, the heart .... 
rate intensity was 90 percent.' When the two players were of 

equal a~ility the heart r~(e intensity was 87 percent~ The 

author concluded that even 'though the heart rate response of 

racquetball players was high, the exercise intensity 

estimated from this variable May be an overestimatioh of the. 
Î· 

actual intensity. Racquetbal1 involves greater arm work due 

to the shorter racquet which c~uses an increase in the heart " 

rate résponse over and ~bove exercise just involvin~ the 

legs (Montgomery, 1981). The sarne author was inyolved in a 

study'in which heart rate responses during squash play were 
, 

assessed (Beaudin et al., 1978). They reported hèart rate 

intensity values of 77 percent. The authors attriQuted the 

s~ight,ly higher hëart rate values .obtainèd 
-

during 
" 

racque~ball to the' larger court size and the more vigoro~s .. 
upper body movements in racquetball as compared to squash. 

In an attempt to provide a physiological profile of 10 , , 

professional ~acquetball players, Pipes (l~7~) described the 

,'racquetball professional with respect to physique,' body 
,1 ~ 

-: 

\ 

-l' 

.. 
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composition, rnuscular strength, flexibili ty and 

cardiovascular endurance. The VO màx was found to be 58.3 

ml/kg min, while the hea'r t rate intensi ~y range dur ing 
• 

actual playing tilfle, \'las between 78% and 92% of the maximtyn. 

Faria and Lew1s (1982) assessed the aerobic power of 

~acquetball playets by comparing values obtained during 

actual racquetball play wi th VO max during a treadmill 

test. They reported a mean oxygen consumption value of 96% 

of VO max during play. They concluded that the metabolic 

responses during racquetball~ play were consistent with the 

physiologie responses to high intensity, short term work. 

Morgans et al. (1984) moni tored heart rates of 15 

t~acquetbal1 players in singles and doubles éompe t i tion • 
" 
During one hour singles matches, subjects attained an 

average of 83% of their maximum heart rate reserve (MHRR) 

and played above 60'% of their MBRR for 56 W cOA-tinuous 

minutes. During the doubles matcq.es, the players averaged 
S 1 

67% of thei r MHRR and p1ayed above 60% of thei r MHRR Jor 29 

continuous minutes. 1'he authors concluded that, a1though 

doubles competition is not as strenuous as singles 

competition, both forrns of exe"'rcise develop and maintain 

cardiorespiratory fitness. 

A number of cordparative studies have aIse been 

conducted among the various racquet sports (Montpetit et 

al., 1977; Beauchamp, 1980·; Docherty, 1982). Montpetit et 

al. (1977) have compared racquetbal1 and squash to tennis. 

They state that a tennis p1ayer expends appreximately 7.5 

. 
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~cal/min (31 kJ) as compared to 12.25 kcal/min (51 kJ) 

during racquetba11 and squash. They report oxyqen 

consumption values of 27 ml/kg·min for tennis as opposed to 

35 ml/kg·min for racquetball and squash. The authors aIse 

compared task analyses between racquetball and squash. They 

fiimed 41 racquetball and squash matéhes involvinq players 

of beginning, intermediate and advanced agility. The 

duration of a squash match was siqnificantly sharter than a 
, 

racquetball match (6:30 versus 15:30 minutes,.respectively). 

Two reasons could account for the above finding •. Ffrst, a 
-

squash match ends after 15 points (Amer,ican qame) while a 

racquetball match is played to 21 points. Seçondly, in 
, -

racquetball, on1y the' server recei ves points while, in 

squash, points are gained even when service is won. Heart 

rates were also assessed using telemetry. During squash the 

mean heart rate was 167 beats. minI and 1 Tf. beats minI for 

racquetball as compared ta 143 beats.min~in tennis. 

The physio1ogical responses during racquetball and 
. 

squash were simultaneously observed during a study invo1ving 

16 racquetba11 andr' 16 squash players of "C" ability 

(Beauchamp, 1980) . Oxygen consumption was measured by 

indirect respiratory c~ior-imetry. Time-motion analysis was , 

also per formed. 

5.8 seconds as 

For racquetba~l, the 

compared to 4.9 seconds 

Mean rally 

for squash. 

time was 
j\."n, , 

Ôùrlng 
...-<".t'\" -

racquetball the baIl was in-play 49.6% of the total-time and 

43.7\ for squash. , The oxygen consumption during two matches . 
of racquetball was 28 and 27 ml/kg. min ( 52% and 50% va 2 

~ M ______ ... ~ ~ 
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max) whereas, for squash, the oxygen consumption value was 

31 ml/kg-min for two games (57% V0 2 max). This difference 

in oxygen consumptipn betwee'n squash and ra~quetball was 

found to be significant. Heart rate intensities during twa 

games of racquetba11 were 154 and 149 beats.mi~l and the 
f 

respective intensities for squash were 150 and,144 beats-

min~. Lactic acid concentrations were also measured before 

and after the games. Following the racquetball matches the 

lactic acid value was Il.7 mg' (1.2 mmo1/1) while the squash 

value was 11.0 mg' (1.1 mmo1j1). Both values were faund ta 

be law. 

The following tables summarize the squash and 

racquefba11 studies reviewed in this section. 

f~ 
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Table 2.3: SUnmary of physioloqical variables for squash and l'~tball r 

Reference Sport n Calibre H.R. l H.R. VO ~ , (tleats min- ) Intensity (ml/kg2min) Lactate 
(%) (%) (111#) 

Blankaby et al., SC 25 Sedentary 170 97 
1973 25 Recreaticmal 153 86 

25 'A' LeVel 163 84 ~ .. "'-t 

Mcntpeti t et al •• SC Beg., Int., Adv. 167 35 
1977 RB 171 35 

Beadin et al. , sa 10 Above average 155 77 24.5· 
1978 " 
Dodlerty and Hc:Iwe, sa 30 High .. ~ 
1978 Meditlll 85 . 

Lcw Skilled ... 80 .:.. 

~/~10 Pipes, 1979 Profesaicmal 78-92 

BeauchaIrp 1 1980 ~ 2 'C' Leve! 147 . 31 57 11.0 
2 ·c' Level 151.5 27.5 51 U.7 

k 

Montgomery et; al. , sa 10 Recreationa1 167 80 
1981 
Mcn~, 1981 RB 9 A, B, C 

- Equal 173 87 l ' 
- Stronger 146 70 _ .. l ' 
- Weaker 18L 90 • ! 

Faria aJXl Lewis, RB 20 ."" 38 96 
1982 
Northcote et al., --80 21 Ayerage 170 80 
1983 '1 \..1) ..... 
Morgans et al., 1984 RB 15 Open, B, C 

j - '- - Sin9les 161 83 
- Doubles 145 67 

• 1 
----

~- l 
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Table 2.4: SUnmary of time-motion studies of squash and ra~etball 

Reference Sport n calibre Rally lergth (8) In-Play (%} 

Montpetit et al., 1977 50 Beg., Int., Adv. 6~.6 
RB 65 

Docherty and ijowe, 1978 50 3D; High, 8.8 50 
Medium,.· 

"'" 
8.4 sa 

Law Skilled 5.4 50 f " 

1 
• 

Beauchamp, 1980 50 16 'C' Level 4.9 43.7 
RB 16 'C' Level 5.8 49.6 _.: ....... ~~-,- r'~ 

!:-, 
Montgomery et al., 1981' 50 10 Recreational 7.7 ;- 52 1 .-. 

• 1 

--g ;, ~ 
Montgomery, 1981 RB A, B, C , 

- Equal 7.4 44 It. .. 

-Unequal 6.7 44 
, 

, ' -, i - .. 

CSRA, 1982 50 Elite 10-25 
i ,-, 

Faria and Lewis, 1982 RB 20 ·10 32 l '. 

Constantinides, 1984 sa 16 A 6.S 
B 7.1 " 
C 5.9 

Morgans et al.', 1984 ' RB 15 Open, B, C '. 
- Sirç1es 8.6 ..:,. 47 . "," , . 
- Doubles 8.3 45 w 

N 

"- l ';~~ 
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. 2.4 Physio1ogy of Intermittent Exercise 
. "-

Intermittent exercise is characterized by repeated 

periods of work interrupt~d 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 (K~ul and 0011, 

.. ~ 1·973) • , Many. investigators have examined the underlying 
, , 

'méchanism of interval training since this particular 

training regime is based on the physiological adaptation ta 

intermittent exercise. 

The ,adaptations vary depending on work ta recovery 

ratio as weIl as the duration ~f each of the se two 

components. The physiological adaptations ta intermittent 

exercise manifest themselves in terms of energy.. system 

utilization. In the literature on intermittent exercise, 

att~ts have been made to quantify the contribution of each 
...... " ..... 

of these systems. In addition, the importance of muscle 

myoglopin as an energy source has been mentioned. 

A study by Christensen et al. (1960), examined various 

physiological measures during continuous and intermittent 

work. Two weIl trained male subjects ran on the treadmil1 
... 

vith zero percent grade at a speed of 20 km/hr. Work 

periods of 5, 10 and 15 seconds were used with recovery 

periods varying from 5 to 45 seconds. Blood samples were 

taken every five minutes and analyzed for lactic acid 

concentration. There was a marked. tendency toward increased 

.. 
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() lactic acid concentrations when the work per,iods were 15 

-i 

i , 
'1 . ( " 

1 

1 
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1 

1 

l' 
'/ CI 

l 

seconds compared to five or ten seconds. The importance of 
i 

the recovery period as weIl as the work:rest 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 were short (30 s) and equal in duration, the work 

was percei'ved to be "relat..ively light" with no fatigue aft;:er 
)- • one hour. In the initial study (l960a), the authors were .. 

unable to determine whether the favorable response was due 

to the short exeicise periods or the short recovery periods. 

As a result, a fOllow-up study used exercise periods of 10, 
1 

15, 30 and 60 seconds and recovery periods from 20 to 240 

seconds. When the total amount of exercise was the same, 

the length of the exercise period was the most 

distinguishing factor influencing the physio10gical 

response. The duration of the exercise period has been 

associated with accumulation of lactic 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 

~oncentration was 150 mg% or 16.6 mmol/l. Following 

intermittent exercise of the same total volume of work, with 

JP lA 

... 

-



L 
1 
i . 

~ 
1 
1 

( 

35 

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 rec.overy), the mean lactate 

concentration was significantly higher (120 mg% or 13.3 

mmol/l). In the fo~low-up study (1960b), t~e duration of 

the work and rest intervals was manipulated. With short 

work periods of 10 seconds followed by pauses of 20 seconds, 

the blood lactic acid concentration was about 20 mg% (2.2 

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

was 15 mg% (1.6 mmoljl). 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 was investigated by 

Margaria et al. (1969). The authors assumed that lactic 

acid was not produced until j 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 tea~-an anaerobic process responsible for the 

splitting of ATP and CP. Therefore, a very short period of 
'" 

recovery would be sufficient to replenish tne phosphagen 

stores and re-saturate the hemoglobin-and myoglobin stores 

thereby permitting the subject to perform the exercise a9ain 

on the' same energy source with no appreciable lactic acid 

------------
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accumulation. The study involved three subjects performing 

a series of experiments on a treadmill. , The experimental 

conditions consisted of running at 18 km/hr on a 15% grade 

with work periods of 10 seconds alternated with rest periods 

of 10, 20 or 30 seconds. During the first session they 

reached exhaustion after 30-40 seconds with maximum blood 

lactate concentrations of 50-60 mg% ~.o mmol/l). The 

results revealed that no lactic' acid accumulated if the 

period-of recovery was 30 seconds. Also the increase in 

blood lactic acid concentration, due to 10 seconds of 

running, increased when the cecovery period was decreas~d 

from 20 to 10 seconds. In addition, the blood lactic( acid 

concentration was dependent on the nurnber of runs. 

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 wor~ 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 rn/min (~64 

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

per iods. 

, 7 -. =&* 
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The importance of the recovery periods in 
" 

an 
p 

intermittent activity, with relatively short work periods, 
, 

has been linked to the process of phosphagen resynthesis. 

In their text book, Fox and Mathews (1981) relate the 

duration of the relief interval ta the percentaqe 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 litt le 

30 50 

60 75 

90 88 

120 94 

more than 120 100 

Fox and Mathews, 1981. 

The significance of phosphagen replenishment has been 

questioned by~ several investigators. Saltin anà~en 

(1971) had three subjects perform intermîttent exercise for 

30 minutes at supramaximal load of 2400 kp • rn/min ( 392 

Watts). The work and recovery periods were 10 s:20 s, 20 

~:4cr s, 30 s:60 sand 60 s:120 s. The ATP-CP depletion was 

"Most marked with-the 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 

,\ 

.. 

-

-1--------~-- ---.--- p ( 4$44 



.. , 

~. 

1 

\. 

1ft ••• ' 411 1.; ap;_peU ----------~---,--

• 38 

that. during recovery periods of less than 20 seconds, the 

re10ading of ATP-CP had an insignificant role in energy 
1 

supply during intermitt~nt exercise. Re-synthesis of 

phosphagen stores dur ing re'peated bouts of exercise plays a 

major role in meeting energy requirements only when .the 

recovery period is at· least 60 seconds in duration (Saltin, 

1973). In a later study, Saltin et al. (1977) reported tHat 

the energy available from ATP and CP concentrations of 5 and. 
. r ' 

~O mmol/kg of wet skeletal muscle, respectively, couLd 

provide' the energy for high -intensity exercise of 5-15 

s~onds duration provided that the phosphagen stores were 

fully resynthesized to normal levels during the recovery 

periods. 
/ 

Fox et al. (1969) cornpared continuous and interval 

runn~ng in terms of metabolic energy source utilization. 

The subjects ran continuously t~ exhaustion at a constant 

speed and grade on a treadrnill. On another day, they 

perforrned the sarne total arnount of work in intervals ranging 

from 10 to 60 seconds in duration alternateç with relief 

intervals of 20 to 150 seconds~ The metabolic energy 

production, as determined by summing the energy delivered 

fram the component~, was found to be virtually the sarne for 

continuous and interval runs of comparable work output. 

Although the energy supplied, via the aerobic 

mechanisrn, during interval running is only slightly altered, 

1 • f the proport19ns' 0 energy delivered from the phosphagen 

stores and the LA system are quite different from those 

) 

" 

_________ .r--
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during continuous running. For example, in a continuous run 

requiring 30 kcal/kg hr (126 Joules), approximately 37.5\ of 

the total energy is delivered by the aerobic mechanism, 35% 

by the LA system, and 27.5% by the p~SPhagen 

contrast, during interval running requiring the 

system. In 

same total 

energy and supplying the same~nergy aerobically, the, energy 
• 4 

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

phosphag~n system inoreased ta 47.5% of the total (Fox·et 

al., '1969) .--

The contribution of the energy systems in terms of 

total ATP fequired during exercise has been investigated by 
, 

Essen et al.(l9?1). The exercise regime con~iste~ of one 

hour of oyc1in9 with 15 second wo(k intèrvals and 15 second 

~ecovery interva1s. of the' tota~ of 0.19 moles of required 

ATP, the oxygen system contributed 0.09 moles (47.4%> and 

the myoglobin stores 0.05 moles (26.4%). The phosphagen 

stores and the LA system provided 0.03 and '0.02 moles (15.8\ 

and 10.5\), respectively. 

The contribution of myoglobin to intermittent exercise q 

\ 

has been examined by Many, investiga.tors. Myog1obin i8 a 

protein found in skeietai muscle whi,ch btnds oxygen and . 
t. . 

faci1itates the transport of oxygen within the musc1e,cell. 

The amo~nt of oxygen stored by myoglobin is aoout Il ml/kg, 

of muscle tissue. · For athletes, it would be approximately 
-

half a liter of oxygen (Fox, e1979.) _ While this ~antity of 

oxygen does not appear ta be significant, 'the oxygen 

myoqlobin storès play an i~portant raIe during continuous 
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exercise and are- ,particularly significant during 
o 

intermittent exercise of short duration (Astrand et al., 

Jl960b: Christensen' et al.~ 1960; Saltin and Essen, 1971). 

The oxygen myoglobin ~tores provide, a very' rapid 

oxygen source for the muscle. During the iQitiai phases of 

exercise, be'fore the o:xyge~ transport system can supply 

additional oxygen, the oxygen 'bound to myoglobin is 
.. 

consumed. This supply of ,oxygen helps to delay' the 

accumulation of lactic aeid in the muscles and blood. Like 

the phosphagen stores, the oxygen myoglobin stores are 
1 

replenished very rapidly during the reeovery period (Fox, 

1979) . 

Astrand et al~ (1960~) hypothesized that, sinee the 

formation of laetic aeid during short work periods' is 

minimal, the initial' pha.se of the work eoU:~d be handled by -~ , 
the aerobie system depending upon the amount of oxygen used 

• by the muscles when the work is started. The oxygen bound 

to myoglobin and to. hemoglobin is the source of this aerobie , . 
work. During the recov~ry period, even if ît is only haif a 

\minute long, myoglobin must be reloaded with oxygen before 

the next work period begins •. 

/' 

2.5 Field Tests in Squash 

Sinee the dev~lopment of physical education ,programs 

should be based on ae~uiate researeh evidenee, it is 
J 

important to scient,ifieally eon~truet valid, reliable and 

objective test~ ~n s~rtin9 aetivities (Johnson and Nelson, 

! ".5>: _ .. 

.. 
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1979). In the past, research on physiology, of spout has .. 
been concerned with the assessment of physiological 

components in a controlled laboratory environment. However~ 

it is possible to obtain objective and reliabl~ measures in 
, ~ 

competitive situations through f'ieid tests (Reed, 1982). 4 
field test is one conducted in an environment which attempts\ 

, . 
to simu1ate the actual competitive situation (Reed, 1982). 

A review of the literature concerning skills tests for 

squash racquets revealed three tests. Edg~een and Robinson 

(as q,ited in Cahill, -. 1977) suggested a battery of fiive 
!-, 

squash items, including a speed te,t,'a volley control test, 

an overhead serve test, an underhand lob test' and an 

accuracy test. ,Reliabilityèl and validity were not reported. 

Broadhead (1967) designed 
ÇJ' 

a rebound test that 
" 

discriminated the stroking ability between different levels 

of players. He examined the grip" backswing, prepa;ation, 
" 

control of the baIl and body posi.tion • 

Cahili (1977), developed a squash racquets' skill test' ., 
battery to serve_as an evaluation tool and classification 

devi'Ge for 

~nvestigated 

beginning levei squash players. -He a1so 

the discrimination powers of the test 

validity, reliability ~n~ 9bje~tivit~ 
and 

\ 

o 

C,eveloped its 
\ 
199 undergraduate 

using 

students. The originally 

conststed 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, 6 ) ,f~rehand cros;;court, 7) backhand 

crosacourt, 8) volley test, 9) power and 10)' agili ty. After 

, " 
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statistieal analysis of these 10 items, the final testing 

battery was reduced to: a 30 second rally 

erosseolrt test 'and a volley test. 

test, a forehand 
• 

The only existing field test measurin;J- physiological 
/ 

parameters specifie to squash play' }1as--~been q,eveloped by 

Reed for the CSRA (1982}. The test is based on d.me-motion 

studies conducted at several leve1s of squash play for both 

men and women. This test was originally designed for elite 

squash play",r. although ~t has been sug$lested that Hs us"-) 

can be applied to aIl levels of players: 

\ 
\ 

l' 
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The subjects for this study consisted of 30 female 

competi tive squash p1ayers 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 di~ided 
, 

into three groups representing "A" level, "B" leve1 and "C" 

level calibre o~ play. The criterion for forming the groups 

was based on the subjects 1 squash abili ty, as defined by 
, 

tournament performance over a period of Years. T~e samp1.e 

includ~d the 10 top ranked players 
~ - . 

in Ouebec, three of whom 

represented the province in the 1984 nationa1 championsbips. 

Informed consent was obtained from all subjects prior to 

testin9.· 

~ratorY and Field tests. 

, AlI subjects participated in' five testing sessions 

conslsting of two laboratory tests and three field tests. 

- ;4.4: ,. 
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The testing sessions included: t) An Aerobic Power Test, 2) 

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

Test" 4) The Modif ied Test of Squash Fi tness and 5 ) The 

Modified Test of Squash' Fitness for a second Ume to 

establish its reliability by the test-retest method. 

The treadmill is a oommonly used dynamic testing 

modality in many labor~tori,es (Froelicher, 1983). In the 

present investigation the treadmill, was selected because it \ 

involves a skill wi th which subjects are familiar, that is, 

walking and running and requires more large muscle activity 

than other test modalities sinç,e the arms and shoulders aid 

the motion. Because squash requires the player to run from 

one corner of the court to the other, running on the 

tr.J!admiil was considered the Most appropriate moter pattern 
, 

to evaluate 0 the squash player 1 s aerobic 

fitness. 

and anaerebic 

Tests were completed within a two week periode AlI 

five tests were administered on sepaf='ate days. The test 

order was randomly assigned t9 eac~ sUbject,. 

Subjects vere asked to refrain from eating; drinking 

(e~cept water), ~or smoking for two hours prior te testing. 

The subjects reported in appro'r iate atti're for aIl tests. 

For the fIeld tests, they were ' encouraged 'to report ln 

squash costume including court shoes that were in good 
. 

the constant change of è:lirection in condition. Du~~p 

squash, good gr 1 is essential for~ efficient movement in the 

1 

~~ -~ ----,,----+--I ----. i ------::---
.-_ ... -~--
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court (Zuber, 1980). It, was the'refore considered important 

to minimize any factors, such as sliding on the court, that 

might have impeded a subject from attaining her best 

per formance • For the laboratory test, the subjects vere 

encouraged to'! use quali ty running shoes. 

Prier ta each session the subjects were familiarized 
~ 

with the testing procedures. Verbal eXPlafation was given 

by the invest,igators prior to and duri I1t):t field and 
#: 1 

laboratary tests. Each subject vas encour to, perform a 

warm-up prior to all tests. 

.l.... 

Aerobic Power Test 

" All subjects underwent an exercise test to exhaustion 

on a motor driven treadmill to determine maximal oxygen 

,power. The subjects were famili_~rizedo with the treadmil1 

before the test vas administered • 

.orhe protocol began with the speed of the treadmil1 set 
, ------ \ 

at 6.4 km/hr (4 .ph) and the grade set ~tô percent. The 

~-----------vork load changed eV~---1iü.nute. In the first four 

-------------------incrcsents the grade- of the treadmil1 was increased by 2.5\ 

every minute. Once the treadmill grade was at 10\, further 

increllents occured by increasing the speed by 0.8 km/hr (0.5 

1Ip~) every minute. 

"l'he subjeéts vere verbally encouraged to continue 

running until exhaustion by the investigators, who used 

standard statements for all subjects. A 10 second 

L...."..-____________________ ~~--~~-=~-=~=.~~~,~=~=~=~-=-~~~.-=.<~=~~ .. -~".-.=.~-==,-.=~=~~=~=.~ 
j cet. J 
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post-exercise heart rate count was takert with a stethoscope. 

The one mimute maximum heart rate value was then calculated9 

The subjects continued to runjwalk at a slow 'speed lin arder 

ta aid tbe recovery process. Ouring the three minutes of 

recovery, 30 second heart rate ~easurements were taken with 

a stethoscope. 

To determine the maximal oxygen consumption values of 

the subjects, any two of the following criteria had to be 

achieved: 1) the attainment of an oxygen consumption plateau , , 
with increasing workloads (as indicated by a change of less 

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

(within 10 beats t'rom the age-predicted maximum~heart rate) 

and 3) a respiratory exchange ratio in excess of 1.00 

(McArdle et al., 1981). 

Anaerobie Endurance Test. 

This' test involved a run to exhaustion on a moter 

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 mIs 

(7.0 mph) and w~th a grade of 20 percent. AlI subjects were 

familiarized with the high speed and gr.,de used in the 

ptotocol prior to,e testing. Again r t~e subjects were 

given verbal encoutagement by the investigators in order to 

elicit maximal performance. Subjects were asked ta remain 

. 1 

1 

1 
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on the treadmill until .exhaustion. A ~topwatch was 
, 

activated when the subjects 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 

subject. 

CSRA Six-Point Fitneas Test. 

The pattern established in the CSRA test consists'of 

placing six targets on the walls of the squash court. The 

player runs and tapa 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 discouraged. The pattern began and ended at the 

"T" spot. The subject stood inside the "T" spot wi th bpth 

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

touched the target on the wall with the racquet head and 

then returned to the "T" spot where it was necessary ta 

place one foot inside the box. The next movement consisted 

of goin9 to the right front corner and again returning to 

the "T" spot. The subject then ran to the right side wall 
J 

"' 

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 be~ore moving to the left aide. The same 
" 

pattern was followed for the left side. The' test ended wh~n 

one foot touched inside the box at the "T". The complete 

pattern is presented in figure 3.1. 

.' 

) 
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The numbers represent the sequence of· movements. The 

procedure which was ,followed ta provide "nsistent ~ 

instructions ta each individua1 is presented in Appendix C. 

This movement pattern was based on a 20 second work interva1 

and was repeated six times. Each repea t began 40 seconds 
\ 

after the start of the one before it. The purpose of the 

six repeats was to force the p1ayers to initial1y draw upon 

the phosp~agen stores and then tax th,e lactic system. The 

test is designed te measure the drop in speed associated 

with 1actic acid accumulation and fatigue CA. 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 repet Hion time was calcula ted by 

adding the times of the six repeti tians. At the end of the 

six repetitions, recovery measurements were taken in order 

to observe the relationship between aerobic fitness ,and 

heart rate recovery CA.Reed, personal communication, 

September, 17, 1984}. Heart rate measuremeIlts were taken at 

30 second intervals for three minutes, s tartin,g irnmediately 

after finishing the sixth repetition. The subjects' maximum . ' 

h~art rate intens i ty was calculated by the Karvonen (1957) 

formula: 

Peak H.R. 
intensity = 

\ 

Pest-exercise H.R. - Resting H.R. 

Maximum H.R. Resting H.R. 

\ 

x 100 

, 

\ 
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Post-exercise heart rate was attained at the end of the last. 

Eepetition. Maximum heart rate was determined at the end of 
. 

the exhaustive run in the aerobic power test while the 

" resting heart rate was established by each subject prior to 

gettihg out of 
• J 

bed in the mornlng. Each subject was given , 

instructions on the technique of self-palpation of the 

èarotid artery. The subjects' heart rate recovery was also 

calculated for the three minute post-exercise time periode 

Recovery heart râte was expressed' as an intensity using the 

following equation: 

Recovery H.R. Post-exercise B.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 Iast 

repeti tion and the 3 min recovery H.R. was attained 

fo11owing three minutes of recovery. A samp1e data sheet is 

presented in Appendix D. 

Modified Test of Squash Fitness 
1 1 

1 This test was administered twice in order t.o establish 

its reiiabi1ity. According to Baumgartner (-1969) and 

Baumgartner and Jackson (1975), objeçtivity, or rater 

reliabi1ity is a very important attribu.te of a test. The 

determination of the objectivity of a test is essential as 

stated aiso by the CASS in the Physio10gical Testing of the 

Elite Athlete manual (refer ta appendix B). If a test is 

1 
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objective, there will be close agreement between the scores 

jssigned to eaeh subjeet by different investigators. The 

objectivity of 'the modified'test was determined by comparing 

the performance scores of two investigators. Bath seorers 

were located in the squash court. The first scorer was 

plaeed in the forécourt, area ~hilethe second scorer was 

plaeed in the .. baekeourt area. Bath seorers were 

familiarized with the testing procedures prior to the 

testing sessions. 

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

patter~s in the CSRA six-point fitness test. However, sinee 

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 IITu spot with the player tapping each of the 

points on the wall with her racquet head. The first 

repetition began by going from the liT" spot to the right 
._. 

side -'-wall- and back. The right forecourt spot was next 

(always returning to the "T" spot) fOllO~d by the left side 

wall. The left baekcourt ~as the last movernent perforrned ta 

complete the first repetition. The second repetition began 
') 

by going from the "T~' spot to the left side wall and baek. 

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 liT" spot. The 

~,q',.;!f LiSe; * 

. ... 
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tblrd, fitth, seventh and nintb ,repetitiona followed the 

.... pattern as the first repetition, -while tbe fourth, 
• 

sixth, eighth and tenth repeti tions ve're the same as the 

second repetition. This alternation was introdueed in arder. 

to eliminate any possible right band or left hand bias among 

subjects. The full pattern ls found in f19.ur~s , .. 3.2a and 

3.2b. 

< 

{ 
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Figure 3.2a: The 'modified test of -squasR-fit~ess pattern 
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Figure 3.2b: The modified test of squash fitness pattern 
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The'pattern has been numbered acëording to' tbe sequence . 
offmovements. The complete pattern was based on 10 second , 

exercise intérvals. It .. was repeated 10 times. Each 

repetiti6n'began ,20 seconds after the start of the previous 
• 

one. Once again, the players were instructed'to perform at 
1 

maximum effo~t, for the 10 repetitions. The procedure for 

providing consistent instructions to each individual is 

presented in Appendix C. The performance variable was the 
J 

time to complete each repetition. The fastest and slowest 
1 

times were recorded and the differe~ce between the two times 
1 

was termed the drop-off index. The total repetition time 

~was calculated by adding the times of t~e 10 repetitions. 
1 

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

rates were measured at 30 second intervals for three minutes 

starting immed:i~tely after completion of the lOtq. 

~epetition. The subjects' maximum heart rate intensity and 

• recovery heart rate intensity were calculated using the t~o 
. 

formulas deséribed in the previous section. A sainple data 

sheet is presented in Appendix D. 

3.3 InstIlumentation 

The aerobic power test was performed on a Collins motor 

driven treadmill (Model number 07203) • Metabolic 

measurements were made using a Roxon computerized exercise , 

system. The mouthpiece was suspended from an adjustable bar 
'\ 

on the treadmill in order to allow free movement by the 

subject. Inspired air was colleèted and passed through a 
~ , 

Ii e ; ( 
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turbine. The sample of inspired air was analyzed by a 

Morgan ventilometer (M~rk 2) , providing measurement of 

inspired vent i l i{..,i on in liters p~r minute. Once the 

mouthpiece was a t tached to the subject"/ expired air was 

collected in a mixing chamber. A flow control (model R-l) 

was used 

Expired 

using an 

in order to regulate the volume of sample gas. 

ox~en and carbon dioxide measurements were made 
1 

Applied Electrochemistry Oxygen Analyzer CS-3A/I) 

and an Applied Electrochemistry Carbon Oioxide Aftklyzer 

(CO-JA). The maximum heart rat"e was 

the test u~1ng a stethoscope. 

me~sured at the end of 

Measurements were taken throUghout the test and ' for~ 

three minutes into recovery. Thirty second values were 
'" 

displayed on-line using an Apple Ile computer and Okidata 

micro-82A pr inter. Calculated measurements included VE, 
-' 0 

V02, R, Mets, and VE/VO 2. The computer i zed system approach 
" 

for the collection and a~alysis of respiratory ~nd metabolic 

data, is illustrated on a flo~ chart in Appendix E. 
\ , 

Prior to the exercise ~testing, the oxygen and carbon 

dioxide analyzers and the ventilometer were calibrated. In 

addi tion, subject name, age, height and welght were entered 

in the computer • Env i rônmen tal conditions such as, 

barometric pressure, humidity and temperature were also 
'. 

entered to correct the measurements to STPD conditions. 
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The anaerobic threshold (A.T) was determined from a 

graph plotting the ventilatory equivalent (VE/V0 2 ) versus 

time and treadmill speed. The anaerobic threshold was 
. 

determined from the intersection of two linear lines. V0 2 
- . and VO 2 as a percentage of V02 max were recorded at the 

anaerobic- threshold. An example of ~the determination of 

anaerobic threshold is included in Appendix F. The graph 

was plotted by the computerized system. 

The anaerobic endurance laboratory tes t was also 

performed on a Collins motor driven treadmill (Model number 

07203) • Running t"ime 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 Club, Mirabel RrCqUet Club, West Island Tennis 

Club, Old Montreal Squash Club, Montreal Amateur Athletic 

Association, Rockland Racquet Club, and St. Eustache Racq~et 

Club). A number of subjects did not bèlong to a particular 

club and the Olq Montreal Squash Club and the Montreal 

Amateur Athletic Association international courts were used 

for them. An effor~was made to control court temperatures 

as weIl as the lighting throughout aIl testing sessions. In 

addition, random assignment of the subjects was made to the 

differenf''''bourts in order to eliminate any possible bias due 

t~ environmental honditions. 
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For the administration of the two field tests specifie 

court markiJgs were required. 

the modifièd field test, touch 

For the CSRA field test and 

targets were placed on the 

walls at prescribed locations. These points were 

accentuated by using red colored rectangular pieces· of 

cardboard 28 cm by 23 cm. A white colored 'square, 4.0 cm by 
" 

40 cm was taped to the f100r at the "T" 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 hundredth 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 abi1ity. Means and. standard 

deviations were a1so computed for data collected during the 

laboratory tests and field tests. Differences among the 

three squash groups for the laboratory test variables vere 

determined with analysis of variance procedures. 

Tq . establish criterian related validity, Pearson 

product-moment correlation coefficients were determined. A 

correlation matrix was computed which included three 

variables from the CSRA and modified squash tests (total 

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

1 
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variables fram the laboratory tests (V02 max in ml/kg.min 

and anaerobic endurance performance time). 

The discYimination powers of the modified field test of 

squash fitness were examined b~the multipfe discriminant 
/, 

function analysis (construct validity) • 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 repetition 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 

(re~eated measures). The objectivity of the test was also 

determined using analysis of variance and the intraclass 
" 

correlation coefficient. Objectivity was establi~hed 'by 

cOlllparison of each repetition score fram the tWQ 

investigators on day one and day two • 
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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 level C·players were younger (27 yrs) than both 

level B and A p1ayers (30 yrs). The level B players were 

taller (168 •. 3 cm) th.an the C players (165.3 cm) who, in 

turn, were taller than the A players (163.2 cm). The A 

p1ayers were the heaviest (62.8 kg) followed by the B 

players (60.7 kg) and by the C players (57.6 kg). Thèse' 

differenc~s were no~ significant among the three squash 

leve1s. 
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-'l'able 4.1: Descriptive data (X ± S.D) of subjeéts (n=.30) 

Leve 1 n Age (yr5) Height (cm) Weigh~ (kg) 
-- --; 

A 10 30.0 ± 4.5 163.2 ± 11.9 62.8 ± 1~.8 

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 
(> 

The resu1ts of the maximal aerobic power. test and the 

anaerobic endurance test 

tests were performed on 

.­
-= 

are presented 

the treadmill. 

in table 4.2. 80th 

• , , 

.. 
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Table 4.2: Physiological variables (T± S.O) 

variable Level A 

n=10 

Aerobic Test 

B.R. max 193.0±14.0 

(beats o min~) 
. 

97.1±17.7 VE max 

(l/min) . 
v0

2 
max 44.5± 8.0 

(ml/kg.min ) 

A.T- 78.7± 8.9 . 
(' va 2) 

Anaerobie Test 

An. End. (s) 31.1±17.2 

Leve1 B Level C 

n=10 n=10 

189.0:1:13.0 194.0±12.0 

89.0±18.4 93.0±12.1 

46.S± 4.0 46.4± 4.7 

71.2± 6.6 75.3± 8.2 

40.8± 9.3 33.6:t11.3 

Total 

n=30 

192.0±13.0 

\ 

~3.0±16.7 

45.8± 5.7 

77.1± 7.8 

35.2:t13.0 

The entire samp1e had a Mean maximum heart rate of 192 

beats.min~ whieh is approximate1y what weuld be predieted 

fra. the formula 220, - Age or 220 - 29 == 191 beats .. min!. 

The maximum oxygen uptake averaged 45.8 ml/kg-min or 2.77 
.. 

1/.tn vith a VE max of 93.0 l/min. The maximal oxygen 

uptake value for the A players was 44.5 ml/kg • min as 

c~red to 46.5 ml/kg-min and. 46.4 ml/kg-min for the Band 

C players, respectiy~ly. The differenees vere found to be 
.. 

nOll8ignifieant.. The overal1 VO 2 max Mean value was 45.8 
i 

......--------_ .. ---' _ .... _-

. 
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al/kg-min. When the peak ventilatory equivalent "­of oxygen 

(Va/V02 ) was calculated, the group Mean was 33.6 liters of 

air per liter of oxygen which sU9gests that the treadmill 

test was maximal for the groups.·' , When tbe anaerobie 

threshold vas ealculated from a plot of ventilatory. 

equivalent of oxygen versus time, a Mean value of 35.3 ml/kg, 

min ~r 77.1\ of V0 2 max vas found. Whén the anaerobie 

threshold' vas expressed relative to the maximum oxygen 

uptake, the results suggest that the females were trained 

subjeets, 

The anaerobie capacity test produeed variability in 

scores among the three levels of squash players, however, 

the differenees vere 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 s~parate days. Table 

4.3 provides the Mean repetition times of aIl 30 subjects 

for the CSRA six-point fitness test. The modified test of 

squash fitness vas administered twice in order to estâblish 

its reliability. Tables 4.4 and 4.5 summarize the variables 

measured during the tests, as weIl as the data calculated at 

the end of .... the tests. 

v 

~. .. .. t 
1 
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Cl Table 4.3: CSRA test repetition 
tilles Cf ± ,S~D) 

\ : 

Repetition TiIDe(a, 

"" .1 29.40' ± 2.50 
.~ 

2 30.43 ± 2.52 
, 

3 31.22' ± 2.61 
~ 

4 31.63 ± 2 .. 55 

5 31.40 :t: 2.88' 

1 
6 31.74 ± 2.81 

l , 

/ .Total 185.78 ± 14.92 , 
, -r-'~ . . , 

1 
1 

\ 
\ - , , -

4.4:\ CSRA 
. 

, Table aix-point fitne!ls test (n=30) ~. . 
! 
) 
1 

1 
[ 

Variable Y :t: s.o 
1 
1 
! . 
1 
1 

Sum of six reps (a) 185.78 ± 1'4.92 

Fastest J:'epetititon (s) 29.22 ± 2.46 

Drop-o~f index (s) 3.01 ± 1.73 

Post-exercise H.R. (beatsomi'n-1) 178 ± 13 
./ 

H.R. intensity (%-a.R. max) 92 ± ,9 

Rec H.R. - 3 min (beatsomirrl. ) 95 ± 17 

Rec H.R. - 3 min ( % ) 27 ± Il 

() 
. ; 
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There appears to be a,discrepancy between the variàbles 

presented in table 4.4 and 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 seconde. In the ~first case, the mean was 

computed across the first repetition scores of all subjects 

while, in the second case, the mean was computed across the 
1 

fastest repetition times .of all subjects which was not 

necessarily the first repetition. 

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

Variable 

Swa of 10 reps (s) 

Fastest repetiti,on,Js) 
( 

Drop-off index (s) : 

Post-exercise H.R. 
( bea ts • mi n-1 ) 

B.R. intensity (\ B.R. max) 

Rec B.R.' - 3 min 
(beats·min1.) 

Rec B.R. - 3, min (') 

Day 1 
(f ± S.D) 

105.67' ± 0.76 

10.06.± 0.61 

1.07 ± 0.42 

178 ± 12 

91 ± 8 

92 ± 20 

25 ± ~4 

, ' 

• C 

Day 2 
(f ± S.O) 

102.6.7 ± 6.79 

9.82 ± 0.66 

0.99 ± 0.38 

174 ± 12 

88 ± 9 

90 ± 21 

,23 ± 13 

l, 

. , 
" 
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4:3 Validity ~esults 

One of 

establish two 

and construct 

the jJ"~trposès of this investigation ,as to 

ki~S--07 validity: criterion related va~idity 
validrty. Pearson-product moment correiation 

coefficients 

variables- and 

were determined between 

nUmb~r of ~eld test a 

two laboratory 

variables. The . 
laboratory variables were the VO 2 max in ml/kg - min (a 

measure of aerobic fitness) and performance time from an 

anaerobic endurance test. Both tests were pertormed on a 

treadm~l 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---- .:~odified field test--
, 

Lâboratory Som of Drop- Rec Sum of Drop- Rec 
Variable 6 Reps off H.R. 10 Reps off H.R. 

oc' 

• 
VO 2.alC -0.51** -0.44* 0.11_- -0.52** -0.27 0.38* 
(al/kg-min) 

An. End. -0.58** -O.l§ -0.14 -0.63** - -0 .. 24 -0.11 
(s) 

~ 

!l P < 0.05 .* P < 0.01 
0 

\ 

. , _________ J -'-
----.~--~----------- _§f!U .. AUe gre:e: i t*,' 
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Maximum oxygen uptake correlated significantly with the 

total repetition times of both field tests, the CSRA 

drop-off index and the modified test reeovery heart rate. 

Anaerobie endurance eorue1ated significantly with the total 

'repetition time of bath field tests. 

Construct validit~ was tested by e~aminin9 the 

discriminant powers of both field eests using the drop-off 

index and the total repetition time. The nominal variable 
,1 

consisted of thre~ groups: levels A, Br and C players. The 

discriminant function"analyses for the CSRA and the modified 

field tests were found to be nons~gnificant. Tables 4.7 to 

4.10 present the discriminant 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 

1 98.1 3 .. 36 4 

2 1.9 9.68 1 

--____ ------~;;~iS_=.t~_=.;~---------

Sig. 

0.5 

0.8 
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Table 4.8: Standardized canonical discriminant 
function coefficients (CSRA) 

Drop-off index 

Sum of 6 reps 

Function 1 

0.98 

-0.61 

, . 

Function 2 

0.35 

0.84 

Tdble 4.9: Canonical discriminant functions 
evaluated at group means - group 
centroids (CSRA) 

Leve1 Function 1 

A 0.30 

B • 0.19 

C -0.48 

-- - --., 
______ ~ ________ "'_;;""Y'-

, Function 2 

0.05 

-0.06 

0.01 
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Table 4.10: 1 Classification re'sults (CSRA) 
.-

Level No. of predicted group membership. 

cases A B 

A 10 3 4 

B 10 4 3 

C 10 3 0 

~rcent of "grouped" cases correctly classifiee! = , 
\ 

Table 4.11: Canonical discriminant functions 
(modified) 

Function 

...... 

1 

2 

% Var. Chi-Squared df' Sig. 

70:7 2.12 4 0.7 

29.3 0.63 1 0.4 

C 

3 0 

3 
4-
1 

43.3 % 
<> 

r-
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Table 4.12: Standardized canonical discriminant 
function coefficients (modified) 

. " \ 

Drop-off index 

Sum of 10 reps./ 
// 

./ 
{ 

fi 

Function l Funetion 2 

0.14 1.05 

0.95 -0.48 

Table 4.13: Canonica1 discriminant funetions 
evaluated at group Mean, group 
eentroids (modified) 

Level Function l Function 2 

""-'1;."--_ 

A 0.27 0.12 

B -0.29 0.0'9 

C" -0.02 -0.21 

,,-'~--
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Level 

A 

B 

C 

71. 

Table 4.14: Classification reaults (modified) 

• 

No. of 

cases 

10 

10 

10 

Prediçted Group Member'ship 

3 

3 

2 

A 

4 

4 

,3 

B c 

3 ' 

3 

5 

Percent of "grouped" cases correct1y c1assified = 40.0% 

For the CSRA field test the first function accounted 

for 98. 1 % of the total variance while the second function , 

accounted for only 1. 9% of total var lance. These results 

were not significant. In terms of the two predlctors used, 

the first function had a higher weighting on the drop-off 

index. For t~e modified test of squash fitness the first 

function was responsible for 70.7% of total variance and the 

s'econd function accounted for 2~.3% of the total variance. 

Again, these results were not sign~ficant. Coritrary to the 

CSRA discriminant function analysis, the first function had 

a higher.. weighting on tofal repetition time as opposed to 
1 

dro~: ::::::fioation results of the CSRA ,test showed that 

only 4;\3% of the cases were correctly classified. The 

c;asSifi~tion results of the modifled test revealed that 
, 

on1y .40% of the cases were correctly classif ied. Neither of 
\ 

'-

.~--- -~~,$J$A-, .. """,;-N,"""" , ..... , -~-

1 

1 
f 
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the two field tests demonstrated any discr imination pavers 

when using drop-off index and total repetition time as 

predictors. 

4.4 Reliabili ty Resul ts 

The mean repetition times reeorded by the two scorers 

for each day were used to determine the test-retest 
\ 

reliability of the field test. Table 4;15 lists the 10 

repetition times for both days. The intraclass correlation 
0 

coefficient (R) , as determined by the ëtIQlysis of variahee 

approach, was 0.89. 

4.5 Objeetivity ~es\l1ts . 

In order ,~o determine the objectivity of the modified 

test of squash fitness, two seorers were always present 

dur ing the 'administration of the tests. For each of the la 

repetitions, performance time, in seconds, was recorded by 
" the two seorers simultaneously. The above procedure was 

caçried out for both day one and day two. 'The modified test 

repeti tion times for day one and day two are seen in table 

4~.16. The intraclass corrélation coefficients (R), derived 

from analy.Sis of var iance procedures, for days one and two 

were 0.95 and 0.94, respecti vely. 

) , f 

, , 
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( Tab1e 4.15: Repetition ti.es for the modified test 
squash fi tness ( n=30) 

~ 

Repeti tion (s) Day 1 
(f ± S.D) 

Day 2 
eX ± S.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 1Q.69 ± 0.84 10.34 ± 0.62 

5 10.60 ± 0.99 10.20 ~.80 

6 10.64 ± 0.83 10.37 ± 0.75 

7 10.60 ± 0.94>1~,; 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 

Total 105.67 ± 7.76 102.67 ± 6.79 

) 
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Table 4.16: Modified test of squash fitness (r ± S.O) for days 
one and two for two scorers (n=30) 

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.J2 J..P .,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 

ct; 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 11J:':-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 10,3.51 ± 6.90 101.84 ± 6.69 
.Ilt'i 
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The fol1owing sections àre inc1uded in this chap~er: 

5.1 Laboratory Findings 
'b 

5.2 Field Tests 

5.3 Va1idity Results 

5.4 Reliability and Objectivity Resulta 

"\ , 
~ 1 

\.0, 
5.1 Laboratory Findings . 1:'r 

The Mean ma~imal oxygen uJtake .value fO~' t~ group of 

squash players was 45.8 ml(l5g· min. When comp~red with 

Canadian women of similar / 
age,! the group mean ranks in the 

95th per~enti1e ,( Standardized 't'est of Fitness, 1981) • This 

mean s.core characterizes these squash p1ayers as having 

"excellent" aerobic fitness when compared with the Canadian 

female population. However, when contrasted wi th va 2 max 

values for other groups of female athletes the results are 

equivocal. . 
Sinning (1973) reported a VOZ max value of 42.9 ml/kg-

min for female basketball players wi th a mean age of 19 

years. Maksud et al. (1976) assessed ~he V02 max values of 

female field hockey players and basketba11 players and 

reported values of 42.9 ml/kg-min lor hockey 

40.8 ml/kg.min for basketball player • 

The maximal oxygen uptake values 

players and 

of female 

cross-country skiers have been' reported by Saltin and 

Jc"'" 
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Astrand (1967) and Ruseo et al. (1978). The latter reported 

a Mean V0
2 

max value of 68.2 ml/kg • min wi th the highest 

individual ~alue' belng 75 ml/kg·min. SaI tin and Astrand 

reported a lower value of 63 ml/kg· min for cross-country 

skiers; nev,ertheless, i t is considerably high'3r than the 

values in the present investigation. Wi lmore and Brown 

(1974) investigated the physiological profile (including 

maximal oxygen uptake) of national and world class women 

distance runner~. They reported a value of 59.1 ml/kg-min. 

Krahenbu11 et al. (1978) examined the characteristics of 

national and world c1ass fema1e pentathletes. Their sample 

included nine athletes wi th a mean V02 max of 45.9 ml/kg. 

min. In a recent study, Riezebos et al. (1983) assessed 

various physiological parametet's of 21 female provincial . 
basketbal1 players aged 18 to 28 years. Their V02 max value 

of 50.1 ml/kg • min is considerably higher than the previous 

studies reporting maximal oxygen uptake values for 

basketba11 players. . 
It must be noted that the highest VO:z max values 

reported have been measured for activities requiring 

continuollS exercise of an aerobic nature. In intermi t tent 

,)àctivities, such as field hockey and basketball, the V0 2 max 

values are similar ta the values of the squash players in 

this investigation. 

The mean maximum heart rate value, for aIl subjects in 

the present study, was 192 beats .min·l~ Since the purpose of 

the aerobic test was to tax the cardiovascular system to the 

1 
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maximum, Iack of motivation som'etimes poses problems in 

tests of this nature. However, the maximum beart rate 

attainèd at the end of the aerobic test in this study 

suggests that the treadmill run was indeed an exhaustive 

rune The value of 192 beàts,min-1 is approxi'ma~ly what 

would be predicted from the formula 220 - Age. Using the 

mean age of 29 years for the sample in the pr~sent study 

translates to: 220 - 29 = 191 beats.min-1 • , 

The anaerobic threshold value for the 30 subjects was 

77.1% when expressed as a percentage of maximum oxygen 

'uptake. This valuè suggests that the women in this study 

were weIl trained ath1etes. Nagle et al. (1970 ~ have 

reported an anaerob,ic threshold value of 75% of \raz 1 max in 

physically active non-endurance athletes. MacDol:Igall (1977) 

'~nvestigated the concept of anaerobic threshold and i ts 

significance for the endurance tth1ete i~ which his samp1e / 

included ten elite non-endurance athletes a~d nine elfte 

endurance athletes. The anaerobic threshold,for the former 

group was 70% of VO 2 max whi1e, for the' latter group was' 86% 

of VO 2 max. In a recent study, Boulay et al. (1984 ) 

describep. a test p(ocedure for the quantification of maxim,al '0 

aerobic capaci t~. Jo, Thei r sample included 14 females and 16-
\ . 

males. They found a V02 max value of 42.9 ml/kg 'min for the 

fema1es and an anaerobic threshold value of 36.3 ml/kg'min . 
corresponding to 85% V02 max for the females. They 

conciuded that the subjects in thei r study had a higher than 

average levei of physica1 'fitness. 

/ 
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According to Bouchard et al. (1982), anaerobic 

endurance is deflne~ the total amount of energy available 

to perform short term intense exercise. A number 'of 

different protocols measurlng ~naerobiç endurance exist in 

" the li terature. In the present investigation, a 

" 

, 

modification of the protocol introduced by Cunningham and 

Faulkner (1969) was used. Among the three leveis of squash 

players, the results of the anaerobic endurance test 

~roduced greater variability than the maximal oxygen uptake 

\ r'rsults. Even though the "B" levei squash players qad a 

h(gher value than the two other groups the differences were 

not significant. 

There are relatively few 'studies in the literature 

reporting anaerobic endurance values of female 
.... ,. 

subjects .' 

. , 

Cl 

using the Cunningham and FaulkIJ,er , (1969) protqcol. Most 

findings have moni tored male subjects and report values of 
" 

s 
·52 seconds and higher. One recent study of female 

basketbal1 player-s- by Riezebos et al. (1983) assessed var ious 

physiological parameters. For the assessment of anaerobic 

endurance the authors used the same protoéol as in the 

present investigation. They reported a _Mean value of 38.6 
f • 

seconds which i5 slightly higher than the mean gro,-!p value 

o·f 35.2 seconds in this study . 

\ 

--------------_._------------
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5.2 Field Tests 

80th field tests utilized 8imilar èourt ~atterns. The 

major difference is found in the 

recovery intervals. Since the 

duration of the work and 

CSRA test consisted of 

'running six repeti tions as compared ta 10 repe~i tions for 

the modified test, i t i8 not possible to make,.c direct 

comparisons 'bêtween the two. However, one can perhap~ draw 

some tentative conclusions regarding the general trends of 

the tests. 

In the CSRA test, an increase in Mean repetition times 
~ 

was evident .towards the end Of the'test. When examining the 

repetitian 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 ta 105.67 and 102.67 seconds for' the' 

·modified test (days one ana two): Despite the 'significant 

difference_in total work time, the post-exercise heart rate 

values obtained at the end of the field tests lndicated that 

the cardiovascular system was taxed ëust as, heavily during 

the modifled test. When' hea~t \ate inte~sities were 

'calculated as a percentage of H.R. max the 'Mean value during 

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

modified test on days one and two. These differences were 

not significant. 

The- heart 'rate recovery pattern aise showed a similar 

treng during bath field tests. In the CSRA test, following 

a three minute recovery per lad, a heart rate of 95 beats.min-1 

• ;::::; ~ ;~ 41 J •• '- J 
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was reporte~ whereas, in tne modified test,_ the figures were 
, 

92 beats .mini and 90 
. 

beats .min -1 for days one and 1 two, 

respeclively. When the recovery heart rates were expressed 

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

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

respectively. 

In bath field tests there was a drop-off time between 

the fastest and slowest repetitions. In the CSRA field 

test, the m~an - drop-off index was 3.01 seconds and the 

respective,values for the modified test were 1.07 and 0.99 
, 

seconds. It appe,ars that the CSRA test value is 

sigpificantly higher than the modified test value, however, 

,the absolute values are directly related to the duration of 
, 

/ 

tne initial ~ork periods. " The difference between the 

drop-off indices is masked when they are expressed in 

relation ta the .fastest repetition. 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-off index i5 a difficult 

• 1 

one ta make. In the CSRA manual (~82), Reed states that 

" the drop-off index is related ta anaerobic endurance and the 

need for anaerobic training. However, it is possible to 

describe two hypothetical situations in which 'Reéd's 

statement May be questioned. An individual with a high 

anaerobic endurance may have a high drop-off index if the 

ae-ràbic fitness of the individual is not developed. In 

other words, it is possible for ah individual ta have a very 
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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 resul t, a high 

drop-off index will be reported. In another situation, an 

individual may have a low anaerobic endurance and a high 

aerobic fitness thus resulting in a low drop-off score. In 

this case, the first repetition!!!93- not be a very fast one, 

as oompared to a person wi th high anaerobic speed, but 

becaUle the individual has the abili ty to recover between 

work outs, the remaining repetitions ~il1 be performed~at 

simil r speeds, thus resul~ing in a low drop-off score. 

The resul ts of', ~he present investigation provj.de reason 

for further questioning of the significance of the drop-off . 
index. These are discussed in the fOllowing section. 

5.3 Validity Results 

Validqtion of performance tests and various field tests 

_ Js l,l,sually determined by correlating field test results with 

already established laboratory tests. For example, Cooper 
\ 

\ 

(1968) attempted to validate a 12 minute ~unning performance 

test by compar lson wi th a treadmill maximal oxygen' 

consumption test. The correlation bet,ween the two variables 

was 0.897. The author concluded that the 12 minùte field 

performance test was a valid measure of phy~ical fitness 

reflecÙng the cardiç>vascular status of the individual. 

Doolittle and Bigbee (~968) investigated the relatiooship 

petween the 600 yard ,run-walk performance test and the 12 

.. 

i
l 
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test. These minute performance 
\ 

correlational analysis between a 

82 

investigators performed 

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 se1ected 

laboratory and field t.ests of physical working, capacity. 

Again, correlational aPlalyses were used and significant-
• 

correlation coef f icien ts were found " between V02 max 

(expressed in ml/kg. min) and a number of laboratory and 

field tests. 

In a recent st;:udy, Leger and Boucher (1980) developed a 
<:> 

'continuous running mul tistage field test in order to be used 

as an al ternati "e t<;> the alI-out 12 minute Cooper test. 

Maximum oxygen uptake predicted with the Universi te de 
• 

Montreal Track Test (UM-TT) was compared to V~ max measured 

directly on the tfeadmill using hor i zontal and inclined 

running proto~ls. Results revealed r values of 0.96 

between the UM-TT and horizontal treadmill running and 0.89 
/ 

between the UM-TT and inclined t'readmill run~ing. It was 

concluded that the UM-TT is accurate, valid, reliable and 

safe fo'r young and middle aged adults, mal.es and females, \ 

whether they aL'e trained or not. Leger and Lambert (1982) 

developed a, multistage .2.0 meter . shuttle run test to predic,t-
" . 
V~ max. To establish vaUdi ty of the test,. maximum o"xygén 

~ consumption measured directly from ,a treadm~ll test was used 

as a criterion. The authors concluded "éhat 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 mo~t gymnasium 

surfaces. 

In the present investigation correlational analysis was 
. 

used in order to establish the criterion related validity of 
\ 

the modified test of" squash fitness. The Pearson-product 

moment correlation coefficient was determined between field 
. . 

p~rformance variables and two laboratory variables, namely, 

maximum oxygen uptake and anaerobic endurance performance 

time. 

Maximum oxyge~ 'uptake is generally considered the b~st 

• indicator of aerobic fitness (Mitchell et al., 1958). Since 

aerobic f itness is -impor tant dur ing igtermi ttent exercise 

(Wenger, 1981; Thoden et al., 1982) and particularly in 

squash (Sharp, 1978a, 1979; Blanksby,et al., 1973; Beaudin 
. ~ 

et al., 1978; CSRA, 1982; Montgomery et al., 1981; Northcote 
. 

et al., "1983) it was considered appropriate to use V02 max 

as a va'lidity criterion. The second criterion u'sed in the 

analysis wa~ ana~robt c enqurance. 
~-l 

by a treadmil1-:sprint, an ~~tivity 

This value Ja~ at'tained 
} 

which closelY,relate~~to 

squash play. 
rl 

For the modifted test, there was a significan~ negative 
-, '. 4 ' L" 

correlation (~.Ol level) between the V02.max and the total 

repetitiôn time (r = ~O.52), implying 

vaLue is associated '\rlith a low total 

that a high. V0 2 max 
' . .. . 

repetit~on time. ~he 

• 
V02 ma,x ajso $'*related s~gnificantly (r = 0.38) ~~i th 

~~cover~art rate. An association between -recovery neart 
" 

. i 
1 -
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,rate ana _d ... l oxyqen conS'fPtiOft ia r~rted in the 

literature. ~ For exa-ple, the4 recovery heart rate fra. a 

benc::h stepping exercise bas been shown to be an effective 

means of classUying people in teIlla of aerobic fitness 

(McArdle et al., 1972: Fox, 1973). In the lIOdified test, 

~he total repetition time aIse:) correlated with the anaerobic 
f 

endurance performance Ume- Cr = -0.63, P< 0.01). Again, 

the r value vas negative implying that a low total 

repetition Ume was associated with longer performance tilDes 

on the, treadmill. Reviewing the r values bet",een total 

repetition tlme and the two laboratory tests, it i8 believed 

by t:he present investigator that total re~ti_tion t"i.e i5 a ...-
better indicator of anaerobie endurance than of aerobic 

... 
fitness. No significant correlations were found betveen the 

drop-off index of, the modified t~ and any of the 

laboratory variables. 

For the CSRA test, there was a significant correlation 
• between the total repetition tille and V02 max (~ = -0.51, P 

< 0.01). This value / is si.Uar to the value for the 

modif ied test. The total repetition time also correlated 

significant'1y <,r :: -0.58) with the anaerobie endur~nce test. 

Contrary ta recovery beart rate' from the lIlOdified test of 

squasb fitness, the reèovery heart rate following the CSRA 

test did not correlate significantly with the maximal oxygen 

uptake value. 

A uj<?r finding il'l' the correlational analyses was the 

signifieance found between the CSM drop-off index and .the 
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=:-0.44; P < 0.05). In the training manual of 

the CSRA (1982) Reed associates the dr0i>-off index wi th 

aftaerobic endurance. The same investigator has aIse been 
'. , 

invol'red in the development of fitness tests for ice hockey 

and badminton. In the manual published by the Canadian 

Badminton Association (1981), Reed designed the four-côrner 

badminton 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. ~n an ' attempt to develop and validate an on-ice. 

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

related the drop-off index to anaerobic endurance. There 

was no mention, in any of the three fitness tests, of à 
, 

possible relationship between the drop-off index and aerobic 

fitness. 

The ~ssociation between the CSRA drop-off index and the 

maximal oxygen uptake-. ~ound in this ilnvestigation suggests '. . 
that the ~gnitude of the drop"'oU inpex is dependent on the 

aerobic fitness and not the anaerqbic endurance of the 

indi v idual. Since aerobic fitness is crucial for the 

replacement of high energy substances fOllowing short bursts 
f .. 

of 5-30 seconds duration (Wengêr, 1981), it would appear 
, ' 

that the higher level of a obic fi tness ôi an indi vidual 

would manifest i tself i a lower drop-off. index value. 
J 

Further 'studies are n ded to confirm the above finding. 

Construct va 0. dit Y is concerned with the extent to 

which . , a parti ular measure relates to other measur~s 
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consis,tent w;th theoretically derived hypotheses concerning 
, ' 

the oqncepts that are being measured (Carmines and Zellèr,; 
... 

19'83). The constructs used in this study wert:! the three 

ability levels of 

bot'h field tests 

squash players t The predictors used for 
'-'J , 

were the drop-off index and to'tal 

rep~tition time, These predictors, were . chosen based on 

. ~eir si9nif~cance in previous studies of squash players. -=-­
, Discr iminant function analyses for both the CSRA and 

the. modified field tests revealed that the tests did .not ' 

have any discr iminant powers. In the aSRA test, only 43.3\, 

of the cases were correctly classified, while in the' 

,mo\'iified test, only 40.0% of the cases were't correctly 

'classlfied. 

At the onset of th!s investigation, based on existing 

literature, the assumption was made that the A players would 

probably have better aerobic and ~naeobic fitness than the B 

players who, in turn, would be fitter than.the C players •. 

Previous investigators have elabprated on the importance of 

fitness for successfull play in squash. Broadhead (1967) 

'conducted a study in which subjects were grouped by 

"r,4lnkings. He measured thei r scores on the Broadhead rebound. 

test and a step test. He concluded that the reproduction of 

a range of strol.<es and super ior physical condition accounted 

for a large proportion of the var iance in scores. 

Furthermore, both tests discriminated between the different 

leveis of players. 
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It vas therefôre assumed, in the present study, that 

the subjeets' fitness levels would ~tch their rank levels., 

In this study this was not the ca~e. The v~ max vaiues for 
«il , 

the three levels of squash ability were similar. Despite 
~ 

tbe greater variability found in the ana~robic endurance 

scores among the three l~velS, there were no significant 
\ 

differenees reported. It may therefore be possibfe that thé 

skill level of the players determined their rankings. 

Perhaps in the province of Quebec the competition is such 

that the "Aft players re1y more heavily on their ability to' 

reproduce a range of strokes' as weIl as on their tactical 

abilities. Ouebec wornen may thus be capable of success r 
without high leveis of aerobic and anaerobic fitness 

, 
compared to other sports. When they compete outside of the 

province of Quebec, such as in Ontario tournarnents and in 

national championships, they are no longer arnong the top 

performers. There are no Quebec players inc~uJed in the 

1984 national rankings of the top 20 squash players. In 

addition, in tne 1984 Canadian wornen 1 s soft baIl 

championships, the two players from Quebec fai1ed 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 

possi?le that the rnodified test of squash fitness would have 

discriminated between different levels of squash p1ayers if 

a larger sample representing p!ayers 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(~ion. It may be that A level 

players, who had no better level of aerobic and anaerobic , 
fitness thari'B :and C level players, had greater success 

because of superior technical squash ability. 

5.4 Reliability and Objectivity Results 
'" 

The three important charac"teristics of a good field 

'test are validity, reliability and objectivity (Baumgartner ,r-
" and Johnson, 1975). c If âny of these factors are lacking the . 

test cannot be considered to have scientific construction 

and is of little worth. 

The concept of re1iability has been present since the 

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

Carmines and Ze~1er (1983) reliability can be defined as the 
\ 

extept to which an exper1ment, test or any measuring 

pr~eedure, yields the same resul ts on repeated trials. 

Synonyms for reliability are: dependabili ty, stability, 
"" 

consistency, predictàbility and accuracy (Ker linger , 1964). 

A correlation coefficient is used tb determine the degree of 

agreement between thè- trials. 

Objectivity 1s a concept closely 

reliabili ty. It 1s defined as rater 

(Baumgartner and Jackson, 1975; Safrit, 1976). 

related· to 

rellabili ty 

If a test i5 

objective th~re will be close agreement between the scores 

,assigned to, each sul;>ject by two or more judges. A 

correlation coefficient i5 calculated which ~ndicates the 
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degr,ee of agreement between the seorers. 

In'l the present investigation the '-m.Qdified test dE 
.~ 

squaljlh . fitness was administered on twQ. separate days in 

order to est~blish its reliabllity. For eaeh testing \ 

session there were two scorers present fa time the subjeets 

dur lng, the tests. The l"esul ts were then analyzed ta 

- determine reliability and objectivity •. 

In the past, the eommonly aecept~d praetice for 
. 

. estimatlng test reliabi1~ty invo1ved the produet-mornent 

correlation coefficient or sorne variation of it (Feldt and .~ 

McKee, 1958;,'\ Liba, 1962; Kroll, , 196.2) • However, an 

important rimi tation of this estimation method ls that i t i~ 

a bivar late statistic and should be used to determine the 

relationship between two different va r iables. When subjects 

are tested twice on the same test or two judges rate. the 

performance of each subject, only one var iable i5 measured, 

and a urùvariate statistic should "be used (Safrit, 1,~76). 

In the present investigatfon, the estimation of 
, 

reliability and objeetivity was determined by the intraclass 

correlat ion coeff icient through the analysis of var iance 

approach, a univariate statistic. The intraclass 

correlation coefficient for reliabiLity was found ta be 

0.89. The correlation coefficients for objectivi-ty were 

0.95 and 0.94 for days one and two. These values pravide 

strong evidenoe for the establishment of n reliability and 

abjeetivity of the modifi"ed test of squash fitness. 

---~-------- --- "J =, Cf'. t 
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CHAPTER VI 

SUMMARY, CONCLUSIONS AND'RECOMMENDATIONS 

6.1 Summary 
~ 

The purpose of this investigation was to establish 'the 

validity, 1 re1iabili ty and objectivity. of a field test of 

squash fitness. The existing field test for squash, 

developed by the CSRA (1982), was based on wor.k periods of 

1'0-25 seconds. Its app1ica'tion as a training device . is 

suggested for aIl 1evels of p~ayers. The modi f ied field 

test of squas,h fitness used similar court patterns to the 
-

previous test, l\owever differs in the duration of the work 

and recovery intervals. This modif ication was based on 

,prior studies of time analysis during squash play in which' 

ral1y times were found to be less than 10 seconds. It was 

• believed that the r modif ied field te.§_t of squash fitness 

wou Id be more representative of a typical rally dur ing 

squash play and could be appl1.ed to a greater range of 

squash 
{--< 

players .' ... 

A total of 30 female squash players 'from the MOntreal 

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

ili the study. The subjects ~ per formed two laboratory tes t;s~' , 

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 

order to establish ~i ts reliabil i ty. The aerobic power of 
o 

.' 
the subjects was determined during a graded treadmill , 
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( exercise protocol and anaerobic endurance was determined 

from an exhaustive s~ri!Jt' on the treadmill. 

( 

( 

.. 

\ 

The fi rst hypbth,esis, of this investigation stated that -there would be a statistically significant correlation 
. 

between the recovery measurernents from the modified field .. 
test and the aerobic power labQratory 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 reported in the literature. 

The second hypothesis predicted that there would be a 

stat i stically signif icant correlation between the 

performance times (total repetition time and drop-off indeK) 

of the modified test and anaerobic endurance laboratory 

test. Total' repetition time wifS negatiyely correlated with 

VO max (r=-0.52, P<O.Ol) and negatively correlated with 

anaerobic 'endurance (t;.:=-O. 63, P<O. 01) . It was concluded 

that total repetition time is a better predictor of 

anaerobic endurance than" of aerobic fi~ness. There was no 

statist~cally significant co~~elation between the drop-off 

index and any of the laboratory tests. 

It was hypothesized that the modified test of squash 

fitness would discriminate between squash players 

ability (A, Band C levell. ,The assumption was 

of varying 

made th€> 

the fi tness 

their ranks. 
.... 
modified test 

levels of the players would vary according to 

Thi s did, not prov~ to be the ca,se. The 

had no discr iminant powers and as a resul t 
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The fourth and fifth hypotheses were concerned with the 

reliability and objectivity of the modified test. The, 

in~raclass correlation coefficients, using the ANOVA 

'approach, revealed values of 0.89 for test-retest 

. reliability, and vaiues of 0.95 and 0.94 for objectivity 

(days one and two). These values c~nfirm the reliability 

and'objectivity of the modified test df squa~h fitness. 

6.2 Conclusions 

Within the limitations of this study, the following 

conclusions seem justified: 

1. The modiEied test of; squash Eitness demonstrated 

criterion related validity. 

2. -The modified test of squash fitness did not 

discriminate between A, Band C level women squash players. 

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 popufation invôlved in 

squash ,play. ~ecause of exis~ing discrepancies in research 
• 

findings :. regarding the si'gniflcance of the per formance 

variables, it is proposed that the 

conjunction with laboratory tests. 

" modified te~t be used in 
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c~ 6.3 Recommenda t;lons 
t 

\ ' 

The fol1owing rpcoDIIIIendations are proposed for future 

investigati<;ms: 

1) Further studies 

rela~ionship between 

measurements. 

should be ,9Onducted 

the drop-off index 

t~xamine the 

~nd laboratory 

2) F911ow-ap studies sheuld he conducted using different 

samples including mal~players, you~h players, and samples 

drawn tram various geographical areas, in order te further 

test the construct validity of the modified test of squash 

fitness. 
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APPENDIX A 

The Many faces of aerobic fitness 
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,APPENDIX B 

Criteria for the evaluation o~ field tests (Reed, 1982) 

Ten criteria have been identified as guidelines 

for the Evaluation of field tests of fitness. The 

- criteria sugg~st the basis of test validity, 

reliability and objectivity. 

It is necessary to establish the validity of: 

1) the simulation of the performance. 

2) the selection of the physiological measurements. 

The physiologicai measurements shouid 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 dûr in9-_ recovery in field tests of 

intermittent sports. 

foilowing criteria are sU9gested for 

establishin9 reliability: 

6) use of standard test-retest procedures. 

?) the conditions under which the reliability of the 

field test was established should be identified 

carefully. 

8) field tests shouid be used under environmental 

conditions similar to those under which their 

~-------_._-------"""".,.,_. ---- - - \ --------
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re1iabi1ity was estab1ished. 

9) where possible, field test reliabllity should be 

established over a xange of envirorumental situations. 

lO)field test objectivity should be established by 

standard test-retest procedures using different· test 

administrators. 
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APPENDIX C 

Procedures for the administration of field tests. 

r 

1. Format. 
, 

1. Subject warms up (invés~~ sets up court 

markings) . 

2. Investigator verbally describes the pattern. 

3. Investigator demonstrates the first three steps. 

4. Advise subject thàt the investigator wi'll give 

verbal eues. 

5. Subject must touch inside aIl targets. 

; 

II. Six point squash fitness test pattern (verbpl' 

description). 

Subject must run as fast as passible. 

1. Stand inside 'T' box with bath feet. 
t 

2. On word 'go' run ta right side wall and touch wall 

inside the target with the racquet head. 

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

4. Run to right front corrier, 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 baék ta 'T' • 

8. Run ta front left corner and back to 'T". 
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9. Run ta left side wall and back ta 'T' three times. 

10. Run to back left corner and back ta 'T'. 

Test ends as one foot touches inside of box at the 

'T' • 1 

iII. Modified test of squash fitness pattern. 

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 side wall and touch wall 

inside the target with the racquet head. 

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

4. Run to front right corner, touch racquet inside 

target and retucn to touch one foot inside box at the 

'T' . 

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

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

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

l. Run to left side target and return to t T' • 

2. Run to left front target and retur''n to 'T' • 

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

4. Run to right back target an$l return to 'T' • 

Test ends as one foot touches inside of box at 

the 'T' • 
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û MOdified test of squash,fitness 

Date: ________ ~--__ ------ Court temperature: ________ __ 

~e: _______________________ _ Player Leve1: ____________________ _ 

Jlep. Mo. TilDe Finish (8) To~al tille (5) 
• 

1 0:00 
; , 

2 O:QO , 
l 

3 0:40 1 
J 1 
1 4 1:00 1 { 

1 
1 5 . 1: 2a., 

.- 1 . 1 
l 

6 1:40 , 

• , 

7 2:00 

8 
~ 2:20 

d 9 2:40 

,10 3:00 

.. 
; 

i Slowest tille: s 
, 

• ~ 

. Fastest time: • s 

Drop Off: s 
r . 1 

(end of last beats-min-l , , B.R. at 0:00 rep) 1 

" 1 
S.R. at 0:3p .'4 beat~·min-1 

1:00 
-1 

1 

S.R. at beats-min 

S.R. 1:30 b . -l at eats-m~n 
" , 

-1 . 1 . , 
at 'S.R. 2:00 beats-min 

.. c,.! 
-1 ':1 ~.R. a-t 2:30 beàtso min 

:'~ l 
at'3:00 

. -1 
1 S.R. beats·min 

_.0. 
-" - +-- -~- Seart rate recovery differenee beats. min-l 1 

,1 
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APPENDIX E 
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Computerized systems approach for the collection and anal'ysis of-respiratory sUd metabalic data 
'. y'" 
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APPENDIX F 

De / .• '. f b h Id termlnat~on 0 anaero ie t rresho, 
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APPENOIX G 

Court markings 

Six point squash fitness test 

Spot 1": 60 cm back fram front wall. 

60 cm from the floor. 

! 1 

Spot' 2: 140 cm directly above the 'short ~1ne. 

Spot 3: 60 cm forward from back wall. 

~O cm fram the floor. 

; .J.o... ..... r 
112 r , 

• 

Three corresponding markers are also loca€~d on the 

left hand wall • 

~ 
Modified test of squash fitness 

spot 1: 60 cm back fram front walL 
• 

60 cm fram the floor. 

--Spot 2: ~ 14,0 'cm directly above the short li: ne ;" 
. 

Spot 3: 140 cm direc,tly above the short !ine 

(left hand wall). 

Spot 4: 60 cm forward from back wali • 

60 cm fram the floor. 
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