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"It is a commonplace nowadays to observe th t fitness 
can have no meaning except in relation to a specifio task. 
The fitness required by the foundry worker differs from 
that of the ballet dancer or the long-distance runner. 
Yet the idea of a general condition of fitness which will 
be reflected in performance of any task involving stren­
uou physical work has al ays been accepted by active 
people. It may be of secondary importance to the highly 
specialized performer whose existence is organised for 
maximum efficienoy at one type of activity. but it is 
essential to the man who wishes to give a good account of 
him.self in varied and unforeseen circumstances and to 
enjoy a wicle variety of active pursuit.• 

Mo:rgan, R.E. and Adtu-nson 1 G.T. 
(1961) Circuit Training, 2nd ed. 
London: G. Bell & Sons. p~l3 

·Pulse rate does not represent a complete test of 
oirculatory- respirato·ry fitness but the pulse is the 
easiest to measure and is the most reliable of the 
physiological variables which reflect the internal 
bodily efficiency in response to exercise . " 

Cureton, T.K. (1947) Physical 
Fitness Appraisal and Guidance. 
St . Louis. c.v. osby Company. 
p . 162 
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PREFACE 

'!his thesis is a record of the tests of physical 

fitness which I have carried out during the last eight 

yea.rs on university and other college students and 

during the last four years on high school children. The 

early work has already been published; reprints of 

these papers a:re included as an appendix. 

The title, 'Physical Fitness of Young South Africans', 

has been selected to convey the best general impression 

of the subject matter but the scope of the thesis is in 

some respects narrower,. and in others broader ,_ than the 

title suggests . The investigation has been restricted 

to adolescents and young adults (aged 12- 27 years). 

The South Africans tested were at high schools or 

colleges in or near c .ape Town and are representative of 

the main racial groups in the southern part of the 

Western Cape Province. I took the opportunity to compare 

their performance of the fitness tests with the perfor­

manee of the srune tests by children and young adults in 

the United States of .America and in Great Britain. 

In the first sets of tests on adults. {Chapters 6 and 

7) I worked in collaboration with Dr. E. N. Keen# who 

performed the anthropometric measurements . Dr. E.N. Keen, 

who was at the time Senior Lecturer in Anatomy at the 



University of Cape Town ,_ is now Professor of Anatomy at 

the University of Na.tal . I personally conducted these 

and subsequent fitness tests on young adults . 

The tests on high school children (Chapters 11 and 12) 

were cat"r ied out under my general supervision by the 

physical education staff of the schools concerned. . I 

instructed staff and pup.ils in the performance and 

scoring of the tests and personally supervised many of 

the tests at each school in order to achieve uniformity. 

For the statistical analyses involved in these 

investigations I have been guided by members of the 

Department of Mathematics of the University of Cape Town 

and have been assisted by my secretary,. Mrs. C. Meyer. 

The principal methods used were the ., i:' test and the 

correlation coefficient .,. #r• (Fisher~ 1946) . For the 

analysis of the athletic tests on high school children 

an I .. C.T. computer Otodel 1301} was employed. 

Because the concept of physical fitness is capable of 

a variety of interpretations. an attempt is made to 

define criteria of physical fitness . Tests of various 

aspects of physical fitness are described and their 

relative me.ri ts assessed. The Harvard step test .. which 

I have used for most of the investigations on young 

adults. is discussed at length . The other tests which I .. 
have employed are the 7 tests of athletic fitness 

recommended by the American Association for Heal th., 
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Physical Educationt and Recreation (AAHPER) , two of which 

I modified for the later investigations. 

The Harvard step test was applied to young men to 

ascertain the influence of selected anthropometric 

parameters on physi.cal fitness as determined by this test. 

The influence of physical training was studied by com­

paring physical education students with other students. 

and athletes were tested before and after training. A 

modified. AAIIPER test battery was used in one investiga­

tion to assess other aspects of fitness and the results 

of these tests were compared with those of the Harvard 

step test. 

A modified Harvard step test as developed for young 

women, such that the results would be comparable to 

those of young men on the original test . Employing 

this modified test , the influence of anthropometric para­

meters was studied and the physical fitness of athletic 

and non-athletic groups of women students was compared. 

The effect of physical training was assessed also by 

testing women students of physical education and other 

women students at the beginning. middle. and end of the 

academic year. Some perfo:rmed also a modified J\AHPER 

test battery for comparison of the results with those of 

the Harvard step test . 
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A year of study leave spent in the United States of 

America and in England enabled me to carry out a 

eomp rati ve study of physical fitness on men and wome.n 

students in these countries and in South Africa . 

The AAHPER test battery was used also to assess the 

physical fitness of more than 6. 000 high sehool children 

in and around Cape Town . The schools selected included 

White, Coloured. and African high schools and represented 

upper~ middle, and lower income groups of the White and 

Col oured communities . The results of these tests were 

used for an inter- racial comparison and also for 

comparison with results of the same tests conducted by 

other investigators in Great Britain and in the United 

States of America. 

In a further investigation of high school children in 

Cape Town each ehild performed a modified Harvard step 

test as well as the AAHPER tests .. White- and Coloured 

children were compared and the results of the Harvard · 

step test were compared with those of the AAHPER test 

battery. 

On the basis of these investigations some general 

conclusions are drawn on the physical fitness of differ­

ent groups of young South Af rican.s and on their fitness 

compared with corresponding groups overseas. 



PART I 

ASSESSMENT OF PHYSICAL FITNESS 



Chapter 1 

Significance of phxsical fitness 

The concept of phzsical fitness 

5 

Alt ough the term, •physical fitness•, is in common use, 

an each of us has a personal interpretation of its 

significance, the concept is difficult to define . 

Physic 1 fitness implies not only freedom from disabling 

deformity or disease but also the cap eity to erfonn our 

daily tas~s ithout limitations imposed by poor function 

of any of the systems of the body. Physical education­

ists would set a higher standard and claim that physical 

fitness is a st te of health in which active exercise can 

be undertaken efficiently, without undue fatigue , and 

with a sense of well-being (Abrahams. 1958) . 

The fitness of the thlete is measured in competitive 

sport but the physical fitness of a sedentary individual 

is more difficult to assess as there is no uniform 

standar • A man who is physically fit to walk a short 

distance between his home and his place of work, or an 

even shorter distance between his house and his garage, 

may not be fit to climb a mountain, run 5 miles across 

country, or play a game of rugby . In the absence of 
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disease or deformity the litniting factors are muscular 

strength and endurance and cardiac and respiratory 

efficiency. A satisfactory standard of fitness is one 

at which the individual has sufficient strength. muscular 

endurance, and cardiorespiratory efficiency to undertake 

all the activities which are required of him, or in 

which he. wishes to take part , and which are reasonable 

for his age and occupation •. This min' um standard must 

vary very widely from one individual to another and is 

difficult to assess unless by the observed deterioration 

of performance of physical tasks. or by the subjective 

feeling of discomfort on undertaking them* which usually 

follows prolonged inactivity . 

Reguirements for P!};x:sical fitness 

In order to aintain muscle tone and to enable the 

individual to deal with the sudden demands for physical 

effort which occur even in a sedentary existence, a degree 

of physical fitness above the minimum outlined above is 

desirable . There seems to be no doubt that a certain 

minimum amount of regular physical activity is esse~tial 

for the maintenance of a desirable degree of fitness 

(Xraus & Hirsahland, 1954; Feurig. 1964) and also for 

protection against the diseases associated with a too 
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sedentary existence (Morris et al .. 1953; Leading article. 

1955; Brown et al ., 1957; Clarke, 1958; Morris & 

Crawford, 1958; Kar\ronen., 1959; aab, 1960, 1962; 

Davies et al., 1963; Feurig, 1964) . Although college 

thletes do not live longer than other college gr tes 

(Rook , 1954; fontoye et al .. 1 1956; ontoye*' 1960; 

Davies et al ., 1963) there is evidence that individuals 

·tho continue to be physically active in later life live 

longer than the more sedentary (Kahn . 1963; Joint 

C ittee, 1964}. In urban life supplementary physical 

activity is usually desirable and should be in a form 

rhieh the subject enjoys (Abrahams, 1958; Guild, 1963). 

An important parameter related to physical fitness is 

nutritional status (leanness or fatness) . This depends 

on the balance of dietary intake and energy requirements . 

When ore food is absorbed into the body than is 

eliminated or utilized to produce energy the surplus is 

stored as fat. lhen the energy expended is greater than 

that obtained from the diet the stores of fat are used 

up ond# in severe under-nutrition,, other body tissues 

are used up as well to provide energy . Obesity is 

usually associated with diminished physical activity 

r ther than with increased intake of food {Thomson et al •• 

1961; Wenzel et al •• 1962; Brolek et al •• 1963; Davies 
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et al ,.. 1963; Drysdale,. 1964) . 

The usual practice of assessing obesity directly from 

body weight, or from body weight and height,. is 

unsatisfactory since the extra eight of a heavy 

individual may be due to better development of bone or 

of m.usele (Welham. & Behnke, 1942) but it is usually 

sufficient to give a rough indication of nutritional 

status _. Even allowing for the inaccuracy of assessment 

of body fat from body eighti some interesting correla­

tions have been observed between body weight and health. 

Heavy individuals are more liable to develop coronary 

artery disease,. arterial hypertension, or diabetes 

mellitus (Metropolitan Life" 1937; Meiklejohn, l9S9) 

and their average expectation of life is shorter than 

that of lighter people {Metropolitan Life. 1937; 

Newburgh• 1942; Davidson et al •• 1959; 
.,, 

Brozek. 1961; 

Lew, 1961; Editorial ,. 1963) . At the other end of the 

dietary seale, e2tt:reme undernourishment not only reduces 

the supply of energy for physical work Cfeeys, 1943; 

Br ouha, 1960a; Mayer & Bullen. 1960) but also reduces 

resistance to disease and hinders recovery {Davidson et 

al ., 1959}. A meagre diet is likely to be lacking in 

animal protein and in vitamins and so may result in any 

of the diseases due to deficien~y of these dietary con-



9 

stituents. 

other factors which may affect physical fitness are the 

social habits of drinking alcohol and smoking tobacco . 

Even moderate consumption of alcohol impairs neuromuscular 

coordination (Goodman & Gilman, 1955; Sollman, 1957) 

but prior cigarette ... smoking does not impair the perfor• 

mance even of strenuous muscular work (Juurup & Muido, 

1946; Henry & Fitzhenry,, 1950; Reeves & Morehouse_. 1950) , 

and habitual sm.oke:rs have about the same work capacity 

as non-smokers (Sch.ilp, 1951; Parker., 1954; Hernberg., 

· 1964; Krumholz et al,.,,, 1964) .. Excessive consumption of 

alcohol often leads to disease of the alimentary and 

nervous systems (l ortis,, 1963} and even moderate smoking 

of cigarettes significantly increases the liability to 

lung cancer {Royal College., 1962) . 

Public health measures promote fitness by reducing the 

liability to infective diseases. The considerable increase 

in average life-span in civilized communities during the 

twentieth century is attributable, at least in part., to 

the practice of immunizing individuals . and even whole 

communities, against specific diseases and to other 

measures t aken to prevent the spread of epidemics . 

Physical exercise does not affect immunological resistance 

to disease (Jokl, 1964}. 
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Social significance ~f physical fitness 

Not only is physical fitness important to the indivi d­

ual in the voidance of disease, in the ability to 

perform physical tasks, and in the e re tion of a positive 

sense of well- being, but it is also of fundamental 

importance to the community in which he lives . Many 

everyday tasks in agriculture demand high standard 9f 

physical fitness. This is true also of the mining 

industry. the main source of South Afric ' s wealth, and 

of other heavy i .ndustries . The use of a machine does . 

not necessarily reduce the p ysical demands on the worker. 

Often a nachine is designed, not to reduce the effort 

required for some simple task. but rather to accomplish 

a much heal'ier t sk with tho same degree of effort . The 

oper tor ' s hysical fitness may still be the limiting 

f ctor in the efficient working of the mac 'line . 

Few communities can afford to carry a 1 rge load of 

individuals ,mo are unfit for physical ork. No adays , 

with progressively increasing proportion of old people 

in the population. it is more t.~an ever necessary th t 

young men and women should be fit for active work and 

should not be an unnecessary burden on medic 1 and 

nursing services . 
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li tary sign if i eance of physical ,fitness 

In war, even more than in peace. the survival of a 

nation may depend on the physical fitness of its young 

men and women. !-odem ar, for all its mechaniz tion, 

imposes severe physical strain on members of the armed 

forces . Without modern weapons an army would be 

ineffective but, if both the opposing forces are equipped 

with modern weapons, the deciding factor may be the 

physical endurance of the fighting men . In the United 

States of America concern has been expressed about the 

low standard of physic 1 fitness of young men (Erskine , 

1940; Cureton , 1943, 1956; K.iphuth, 1956) and women 

(Amateur Athletic Union, 1955) . Nearly half of the young 

men called up to the United States armed forces during 

the Korean war were found to be unfit for military service 

(Kennedy, 1960) . 

With an increasing proportion of young South African 

men being called up for ilitary service it becomes 

increasingly important to achieve satisfactory standards 

of physical fitness during childhood and to .maintain these 

during young adult life . Provided a reasonable degree of 

fitness is reached prior to military service, subsequent 

training can build on this to turn out a physically well­

equipped soldier . 
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CatSNories .of eh;ysical fitness 

Gallagher and Brouh.a (1943h. 1944) ., who carried out much 

original research on physical fitness tests. considered 

physical fitness as falling into three categories: 

static fitness,. dynamic fitness , and motor skills fitness ... 

Static or medical fitness is the absence of disabling 

deformity or disee_se, dynamic or functional fitness is 

the ability to perfoJ'lll strenuous physical. work, and motor 

skills fitness is the ability to perform particular co­

ordinated movements . It is useful to be able to assess 

the standard of fitness in each of these categories and 

to know how to maintain and,, if necessary,. improve each 

type of fitness. 

Statie fitness is a.ssessed by routine medical exa.mina ... 

tion; if no evidence of disease or deformity is found 

the individual is considered to he medically fit. There 

are. of course,, degree.s of fi t.ness in this category as 

in any other and our concept of what consti tute.s heal th 

is quite arbitrary .. Some· of the factors involved in 

static fitness have been considered above . 

Dynamic fitness, the capacity for strenuous physical 

exertion_ is the principal theme of this thesis . 

Assuming that an individual is medically fit , the limiting 

factor in dynamic fitness is the ability of the heart and 
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lungs to supply the active muscles with oxygen . Details 

of some tests of dynamic fitness are given in Chapters 2 

and a. 
Motor skills fitness depends on the co-ordination of 

groups of muscles to perform purposive movements . This 

is achieved by the nervous system and improves with 

practice (Gray,. 1962}. The development of motor skill 

usually permits a given task to be performed with les,s 

effort by reducing unnecessary movements and so 

contributes to dynamic fitness. Motor skills are 

assessed in competitive athletics as well as by special 

tests and are iJllportant in all activities which depend 

on a high degree of muscular co-ordination . 

Although the object of the investigations reported here 

has been to assess physical,, not mental fitness it would 

be unrealistic to ignore the influence of mental state· 

on physical performance. The completion of any 

exhausting test depends on the will to complete it in 

spite of progressively increasing discomfort. but the 

circulatory and respiratory adaptations to severe 

exercise depend on the work output and on physical fitness 
0 

and are little influenced by the mental state (Astrand et 

al., 1960) . 
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Other aspects of physical fitness are dealt w~th in 

Ch ptel'S 4 and S. Apart from endurance, hich corref5ponds 

closely to dynamic fitness,. speed, strength, power, 

flexibility, agility. balance~ and eo-ordin tion can all 

be asse sed by appropriate tests . An estimate of thletic 

fitness ean be obtained by the use of a battery of 

appropri te tests. and an index of athletic fitness by 

combining appropriately the results of the various tests . 

The results of such tests and test batteries are useful 

not only in comparing the physic 1 fitness of individ­

uals and of groups of people and in establishing norms 

but also in following the effects of particular regimes, 

on particular aspects of hysie 1 fitness. 

Summaq 

Physical fitness implies the capacity to perform one's 

daily tasks without limitations im osed by poor function 

of any of the systems of the body and with some reserve 

to de l i th unf een demands for physical exertion . It 

is not only of personal but lso of national importance. 

The maintenance of physical fitness requires regular 

physioal activity, which confers some protection also 

against degenerative diseases and may prolong life . 

Prolonged inactivity is often associated ith obesity 
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and with some of the many complications of that condition . 

· It is convenient to consider physical fitness as falling 

into three categories : static. dynamic, and motor ,skills 

fitness . Static fit11ess is determined by medical 

examination. Dynamic, motor skills, and other aspects 

of fitness are assessed by appropriate tests . 
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Chapter 2 

Tests of dxnamic fitness 

Principles 

Tests of dynamic fitness are based on the hy ot.hesis 

that a distinction ean be made between the fundamental 

physiologieal adaptations cOlnmon to fitness for all 

types of exertion and the speeial skills necessary for 

the successful performance of particular physical tasks 

(Johnson, 1946). 

'Ihe exertion must be strenuous to distinguish the fit 

from the less fit; it should employ large muscle 

groups~ so that the limiting factor is not local fatigue 

of the muscles involved in the exercise, and it should 

be uncomplicated so that the element of motor skills 

fitness is minimal . It is convenient if the test can be 

performed in the laboratory. 

If the test is severe and continued to exhaustion the 

duration of perfor.!lance is itself a measure of dynamic 

fitness. but a more sensitive index is the ' degree of 

physiological response to submaximal exercise . Since the 

limiting factor is u·sually the capacity of the circulatory 

and respiratory systems to supply the active muscles with 
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oxygen some measure of the ehange s induced in these 

systems by exercise is adopted. Circulatory efficiency 

may be estimated from the changes in heart rate or 

arterial blood pressure ·induced by some standard rutercise 

or by the time taken for these parameters to return to 

normal after the exercise. The respiratory rate may be 

counted or the pulmonary ventilation. the rate of oxygen 

absorption# or the oxygen debt may be estimated. As a 

measure of the efficiency of oxygen absorption 6 transport. 

and utilization the concentration of lactic acid in the 

blood may be detennined. Less direct evidence of 

physical fitness may be sought from the renal excretion 

of metabolites during active exercise, which shows less 

change in physically fit individuals than in others 

{Parke Davis, 1958). 

Circulatory and :respiratory changes will be less for 

any particular task in the fit than in the unfit ,, partly 

because of more efficient use of muscles so that less 

c»..-ygen is required for a given task and partly because of 

greater efficiency of circulatory and respiratory systems 

so that the additional oxygen required for strenuous 

exertion is supplied with less disturbance of the normal 

resting state . By- this more efficient action a greater 
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aximum performance can be achieved~ 

Increased cardiac effi~iency is associated with 

increased stroke volume and more complete emptying of the 

ventricles . Since each cardiac contr ction is more 

efficient the required increase in minute volw:;ie is 

achieved ith fewer heart beats and less expenditure of 

energy. The aximum minute volume which can be achieved 

is correspondingly increased. The greater recpiratory 

efficiency which results from hysical training is 

as ociated with greater depth of respiration oo that 

more air is taken in with each respiration and a 

gre ter proportion of it reache the respiratory part of 

the lungs. This permits an increased oxygen intake when 

the venous oxygen tension is reduced during exercise. 

Egercises used in tests of dI!JamiC fitness 

The exercises used in these tests are those w ich have 

been widely employed in investigations of work physiol()(JY 

form ny years. The most popular are level walking on a 

tre ill ,, ralking up an inclined treadmill. pedalling a 

bicycle ergometer and stepping on an off a bench. With 

appro riate modifications these exercises are suitable 

for both sexes and for all age groups.. Measurements of 

circul tory or respiratory function# or bot , re made 

either during or after exercise . 
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Other forms of exercise, unsuitable for labor tory 

studies, but more closely related to everyd y situ tions 

h ve been used for tests of dyn ic fitness . These in­

clude running {Boas, 1931; Cluver t al ., 1 42; Cureton 

et 1 ., 1945a; Skubic & Hilgendorf, 1964), s iing 

(Christensen & HtSgberg, 1950) . swi ing ( ulkner et al ., 

1963), mountain climbing (Durnin, 1955), lifting and 

lowering heavy box (E ol et 1., 1962), an loading, 

ushing and emptying trucks of coal ( yn 

Tests b sed on circulatory function 

, 1963). 

ost of the tests based on circul tory function depend 

on the ch ges hieh take 1 ee in the pulser te and 

rterial blood ressure during strenuous exercise or on 

the t· eta.ken for these me sure ents to return to the 

resting level fter a standard exercise . 

The aximum ulse rte re ched during str nuous exertion 

is usually he een 180 end 190 beats per minute in young 

en (Gillespie et 1., 1925; Koff t 1., 196; 
0 

Astrand 

et al., 1964) d about 10 be ts er minut hig er in 

young 
0 0 

en (Astrand & Ryhming, 1954; Astrand, 1956, 
• Astr d et al.# 1964) . axi um heart rates over 200 have 

been recorded in schoolboys (Bos, 1931; Christensen 

H6gberg, 1950; Knuttgen & Steendahl, 1963; ~amer & 
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Lurie , 1964) and in schoolgirls (Christensen & H6gberg, 1950; 

Kramer & Lurie,. 1964; Skubic & Hilgendorf, 1964) . The 

maxinum pulse rate does not depend on the nature of the 

exercise (!strand & Saltin1 1961b) or on the physical 

fitness of the subject (Maritz et al ., 1961; Kramer & 

Lurie, 1964) . hut the physically fit individual performs 

more work to attain this maximum and his pulse rate returns 

more rapidly to the resting level after the exercise 

(.ilia-Emili, 1959; Brouha, 1960b} . Although systematic 

physical training lowers the resting pulse rate (Hunt & 

Pembrey, 1921; Hambly et al •• 1922; McKenzie, 1942; 

Cullumbine, 1949a; Henry* 1954; Fletcher, 1958a; 

Karvonen, 1958; Brouha, 1960), a low resting pulse rate 

is not in itself a reliable indication of physical fitness 

(Brouha & Heath, 1943; Sloan & r.een~ 1959b; Ma.neke. 1964). 

H1mt and Pembr :y (1921) and F a:mbly et al . (1922) 

assessed physical fitness in terms of the pulse ratio (PR) 

as follows: 

PR = eulse beats for 2 min . after exercise 
piilse'beats for I min. before exercise 

The physical fitness of an unfit subject w s assessed 

from the fraction of a standard exercise which gave the 

s e pulse ratio as that of a fit individual performing 
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the whole standard exercise . 

Tuttle (1931a. b) used a stool 13 inches high for the 

test and found the number of steps on to and off the stool 

which must be performed in 1 minute to give a PR of 2. 5. 

In practice the subject was tested at 18 and at 40 steps 

a minute; the rate whieh would give a PR of 2. 5 was then 

estimated by interpolation and could be checked by repeat­

ing the t . st t the estimated speed of stepping. Taking 

SO steps per minute as 100\ the resuit could be eXpressed 

in terms of per cent efficiency. Tuttle and Dickinson 

(1938) si plified the test but Henry and Farmer (1938) 

found that it had such a low coefficient of reliability 

that it could not satisfactorily predict individual scores 

on retesting. Flanagan (1935) calculated an •endurance 

ratio' from the pulse ratios t 18 and 45 steps per 

minute and considered it a reliable criterion of 

endurance. 

To calculate the •progress ive pulse ratio' .• Cureton 

(1951b) counted the resting pulse and the pulse after 

stepping on to a 17-inch stool 12 , 18, 24, 30. and 36 

times in one minute; for each rate of stepping the pulse 

count for the period 10- 130 seconds after the exercise 

divided by the 1-minute resting count gave the progres­

sive pulse t-atio .• 
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Johnson et al . (1942) , using a motor- driven treadmill , 

evolved an index of physical fitness from three pulse 

rates after a standard exercise . The subject ran uphill 

at 7 m. p .h. on a gradient of 8. 61. for as long as he could 

up to a maximum of 5 minutes . Thereafter his pulse was 

counted from 1 to lt. 2 to 2i# and 4 to 4 minutes after 

stopping the exercise . The fitness index (FI) was derived 

from the duration of exercise and the pulse rates there­

after:-

FI = x swn o 
X 100 

-min . pu se coun s 

On an arbitrary scale a FI below 41 as considered poor, 

41 to 75 average. and above 75 good. Balke (1952) 

devised a test in which the subject walked on a treadmill 

at 3. 4 m.p .h. , the gradient being increased each minute 

until the pulse rate reached 180 per minute; the degree 

of fitness was indicated by the duration of the exercise 

or by the cor responding gradient . This test or a 

modification of it has been employed by Billings et al . 

(196Cl, Naughton et al . (1963) ,. Dempsey (1964), Hollman (1964), 

Howell et 13.1 . (1964} and Rasch and Wilson (1964). 

For field work or when a treadmill is not available the 

'Harvard pack test • may be substituted (Consolazio et al ., 

{J.951) . In this test the work comprises stepping on and 
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off platform 16 inches high 30 times a minute for as 

long as possible up to S minutes,-. carrying a haversack 

loaded to approximately one third of the body weight; a 

handrail is provided at a convenient height for the . 

subject to grasp. The fitness index is derived as for 

the treadmill test and the results of the two tests shott 

close agreement. Ladell and Kenney (195S) modified the 

test by using different heights of platform and different 

rates of stepping. Patterson et al. {1964) used a 20•inch 

step for the pack test and exercised their .subjects to 

exhaustion. 

The same fi tn.ess index was derived by Gallagher and 

Brouha ( 1943c) from the response to work on a bicycle 
-' 

eigometer. which the subject pedalled at 20 m.p.h. against 

a friction load of 5 lb. for as long as possible up to a 

maJtimum period of S minutes. Similar tests were employed 

by Clarke (1943) . ,1ufield and Brouha (1963) ,. and Sexton 

(1963) . 

The simplest and most popular of the tests of eireula­

tory efficiency is the Harvani step test (Brouha et al •• 

1943) . This test and the various modifications of it 

which ha; e been employed are described in Chapter 3. 

Elbel et al. (1958 ). found a significant correlation between 

the pulse ratios . of the Tnttle test and the fitness 
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indices of the Harvard step test for the same group of 

subjects . 

Sj6strand (1947) assessed dynami c fitness from the rate 

ofmrk mich could be maintained on a bicycle ergometer 

with a constant pulse rate during the exercise and a 

return to near the resting pulse rate within 10 minutes 

fter stopping the exercise. Adams et al . (1961a, b), 

testing children on a bicycle ergometer. expressed the 

working capacity as the load which corresponded to a 

steady pulse rate of 170 per minute . Milic-Emili (1959) 

measured the time taken for the pulse rate to r eturn 

half-way to the resting level after walking to exhaustion 

at 5. 5 km./hr . on a treadmill with an upward gradient of 

201o. 

The Schneider index (Schneider, 1920; Schneider & 

Truesdell , 1922) is derived ,from the changes that take 

pl ace in pulse rate and systolic blood pressure on changing 

from the recumbent to the erect posture and after stepping 

on to a bench 18 inches high 5 times in 15 seconds . 

Abrahams (1928) found that changes in heart rate and blood 

pressure on standing up are not a satisfactory index of 

physical efficiency . Master and Oppenheimer (1929) found 

for each of their subjects the maximum rate of stepping 

up and do,-m 2 steps each 9 inches high for lt minutes 
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which permitted the pulse rate and systolic blood pressure 

to return to the resting levels 2 minutes after completion 

of the exercise. Other workers (Brouha & Heath, 1943; 

Cullumbine. 1949b) found the arterial blood pressure after 

exercise a less reliable index of physical fitness than 

the pulse rate. '!!he accur ay of assessment of fitness from 

the post-exercicre pulse rate is diminished rather than 

increased by including in the calculation another factor , 

such as the arterial blood pressure. 1hich is less 

closely related to dynamic .fitness. 

Tests based on resPiratory function 

Iartwell and Tweedy (1913) measured pulmonary ventila­

tion at rest ancl after running up and down a flight of 

stairs. Wahlund { 1948) easured respiratory i·ate and 

pulmonary ventilation during work on a bicycle ergometer . 

Milic-Emili (1959) based an assessment of fitness on the 

time taken after exercise to exhaustion on a treadmill for 

the pulmonary ventilation rate to return half-way to the 

resting level . Durnin (1955) measured ventilation while 

climbing on different gradients and Pugh (19S8) while 

performing a ste test at different altitudes . Henry 

and Berg (1950) measured oxygen debt and carbon dioxide 

production during and after exercise. j,'he very nwnerous 
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investigators who have estimated oxygen consumption during 

work as a measure o.f physical fitness include Taylor 

(1944) . Tfa.l\lund (1948) , Bruce et al . (1951), Durnin (1955) , 

Pugh (1958) , 1'1yndham et al . (1959), Astrand et al . 
0 • (1960a,b) Durnin et al . (1960), Astrand and Saltin 

(l96la,h) , 4aritz et al . (1961) 1 Williams et al . (1962), 

and Grimby and Sederholm ( 196 2) • The mc1.1"!imu.'tl oxygen in­

·cako of which the subje~t is capable may be taken as a 

measure of his work eapaoi ty (Simon?on & Enzer, 1942; 

Taylor et al., 1955; Mitchell et al . , 1958; Balke, 1963; 

Luft ot al. , 1963;_ Newton, 1963; Kramer & Lurie, 1964) . 

The maximum oxygen intake is probably the ·best single 

measurement for estimating physical fitness (Linde. 1963} 

but is difficult to measure under field conditions; it 

may however be calculated from the heart rate and oxygen 

consumption ( strand & Ryhming, 1954; Wyndham et al . # 1959; 

Andersen et al . ~ 1960; Maritz et al •• 1961; Sea,,ard et 
• al •• 1964) or from the heart rate {Astrand & Rhyming, 1954; 

Hettinger et al . , 1961; Borg & Dahlstr&n, 1962; Maggio 

et al ., 1963; Wyndham et al .~ 1963) , during exercise. 

Prediction of the maximum oxygen intake from the pulse 

rate during exercise can lead to oerious under-estimation, 

especially in sodentcry subjects (Rowell et al ., 1964) . 
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:alhotr et al. {1963) found a linear correlation between 

pulse rate and rate of energy expenditure for each of 

their subjects but the slope of the regression line was 

different for each: the range of error between measured 

and predicted values of oxygen consumption as 0.6 • 7 !1 0%,. 

In the investigation reported by Tabakin et al. (1964) 

both the heart rate and the oxygen intake varied with the 

work load but the relationship between them was seldom 

strictly linear .. 

In general the degree of dynamic fitness is assumed to 

be inversely proportional to the increase in ventilation 

and in oxygen intake induced by a standard exercise and 

directly proportional to the maximum oxygen intake,. 

Other respiratory measurements which have been related 

to dynamic fitness include the vital capacity (Cullumbine 

& Williams. 1949; Elbel et al. , 1958; Stuart & Collings, 

1959), bre th-holding time (Cullumbine & Williams, 1949; 

f.tontoye. 1951)" expiratory force (Cullumhine & Williams,, 

1949). and maximum breathing capacity (Harris, 1958; 

Stuart & Collings,. 1959) . 

Tests based on ciroulato!Y and respirato!Y function 

In most of the investigations of respiratory function 

noted above, the heart rate also was recorded and was 
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found to vary with the ventilation and ~ith the rate of 

oxygen consumption. Bruce et al. (1949, 1951) devised a 

physical fitnesR index {PFI) from the respiratory and 

oirc~latory responses to walking at 1 .. 13 m .. p .. h . on a 

treadmill tilted to 1oi upgrade for as long as possible 

up to am ximum of 10 minutes. 

duration of exercise {min.) x average respiratory 
PFI = efficienet durin,g: exercise x 100 

eafs'fo:r !J min . after exercise 

Respiratory efficiency was eXpressed as the difference 

in oxygen concentration between inspired and expired air. 

Rasci\ et aL, (1959) found a poor correlation between the 

result$ of the Bruco test and of the Harvard step test 

on the same group of healthy young men; they concluded 

that the Bruce test gives a less satisfactory indication 

of physical fitness as well as requiring more complex 

apparatus .. Davies and Harris (1964) expressed the pulse 

deficit as the ratio of mean heart rate during the 5th 

and 6th minutes of treadmill walking to the mean heart 

rate during the fir~t 4 minutes . Measuring oxygen intake 

at increasing work loads1the pulse deficit index CPDI) 

was the rate of oxygen intake at which the pulse deficit 

showed a decided upward swing. The PDI had a high cor­

relation with maximwn oxygen intake . 



29 

Tests depending: on estimation of blood lactat~ 

Dill et a.1 . (1930) considered that the concentration 

of lactate in the blood after a standard exercise is a 

satisfactory measure of physical efficiency hut Lorentz,en 

(1962) found wide individual variations . Bock 'et al . 
0 

(1928) , Brouha and Heath (1943)# Taylor (1944) . Astrand 
• 

et al. ( 1960a) , and Billings et al . { 1960) estimated the 

concentration of lactate in the blood as well as the 

respiratory and circulatory changes after a standard 

exercise . Johnson and Brouha (1942) derived a 'work index' 

from the duration of running up an inclined treadmill , 

the aximum pulse rate during the exercise, and the blood 

laotate concentration immediately after it . Gallagher 

and Brouha (1943-c} found little correlation between blood 

lactate levels and fitness indices on the bicycle ergo­

meter test. though higher lactate l vel.s tended to 

accompany lower fitness indices. 

Huckabee (1958} observed that under aerobic working con­

ditions tho proportion of lactate to pyruvate in the blood 

remained constant . In hypoxia the lactate/pyruvate ratio 

increased, ti e 'excess lactate "- being a measure of the 

degree of hypoxia. l:nuttgen (1962) , Wyndham et al . (1962) .. 

Williams et al . (1962) and argaria (1964) took excess 
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lactate as a measure of anaerobic work and related it to 

axi um oxygen intake and work capacity. 

Thomas et al. (1964) found that patients with subnormal 

cardiac output had higher blood lactate con,centrations 

and higher lactate/pyruvate ra~ios during moderate 

exercise than healthy subjects on the same work load. 

Presumably_. for any standard amount of exertion, a high 

degree of cardiac anrl respiratory efficiency permits a 

greater proportion of the work to be perfo:rmed aerobically. 

with correspondingly less accumulation of lactic acid in 

the blood. 

Summau 

Dynamic fitness. the capaeity for strenuous physical 

exertion,, my he assessed from the maximum duration of 

performance of an exhausting task or from the 

physiological responses t.o suhm.aximal exercise. 

k>st tests of dynamic fitness are based on changes in 

the circulatory or respiratory systems or both during a 

standard exercise. Some other tests involve determina­

tion of -the blood lactate concentration during or after 

exercise. '.the physiological ohanges during a standa:rd 

exercise are less marked and the return to the resting 

state after exercise is more rapid in the fit than in the 

unfit. 
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Chapter 3 

«;rhe Harv;ard step test 

Th~ Harvard step test, which was employed for most of 

the investigations described int.his thesis* was developed 

during the second world war in the Fatigue Laboratory of 

Harvard University. It is a simple test which yet fulfils 

the criteria for a satisfactory test of dynamic fi~ness . 

The subject works at a constant rate which is proportional . . 

to his body weight, large muscle groups are used~ and the 

exercise requi.res no unusual skill . Another advantage is 

simplicity of the app,aratus required# only a bench. 

platform or stool , a metronome. and a stop-watch . 

Teohnigue 

In the or iginal test (Brouha et al ., 1943) the subject 

steps up and down from a 20•inch platform 30 times a 

minute for 5 minutes or until fatigue compels him. to 

desist {Fig. 1) . Immediately after the exercise he sits 

do,m~ and his pulse rate is counted for the periods 

1-lt, 2- 2!, and 3-3! minutes after the exercise. The 

fitness index (FI) is then calculated as follows: 

FI = 
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On the results oft e test, individuals are arbitrarily 

classified into several categories: 

Fitness iridex < 50 - poor 

n ,,, 50•64 low --ve:rage 

" 
,, 65-79 high average 

,, ,, o0-89 good 

n " ) 89 - excellent 

In order to achieve valid comparison of different 

individuals and of different groups, the t~st conditions 

must be standardised as far as possible . The environment 

should not be uncomfortably hot or humid and the test 

should not be performed \:i thin three hours after a heavy 

meal . Light gymnastic costume and tennis shoes are worn. 

Stepping up and do,;m should he in time with a metro­

nome beating 120 times a minute, the subject stenping up 

with one l~v on the first beat, up with the other leg on 

the second beat, clown with the first leg on the third beat, 

and down ith. t'le other leg on the final beat of the cycle .. 

It is pennissible to change step from tie to time. 

During ·the test th. observer calls out the tim at 

intervals of 1 minute., end ncourages ·tic subject to con­

tinue if there is any indication that he may fail to 

complete the test . After the test the subject sits down 
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and relaxes until the last pulse count has been taken . 

nte subject must stand erect on the bench; if he 

c:rouches or fails to keep up with the metronome the 

investigator should encourage him to do better and, if 

the faulty posture or timing is maintaine • for 15 seconds, 

the exercise is stopped and the duration to the time of 

stopping is taken for calculation of the fitness index. 

Faulty posture is inevitably a subjective assessment on 

the part of the observer so, for strict comparison. series 

of tests should be supervised by the same observer or by 

observers trained to accept similar stand rds . With 

standardized conditions and an experienced ,observer 

Cureton et al. (1945a) found a high test-retest reliability 

for this test. 

Theoretical background 

1"he height of the stool and rate of stepping are such 

that about one-third of normal subjects fail to complete 

the period of 5 minutes. Since the test is an exhausting 

one, an increasing effort of will is required to keep 

going as fatigue develops . Hardy et al . (1943) pointed 

out that some women students will not exert a maximum 

effort from laziness_. from feminine dislike of appearing 

untidy, or from fear of physical injury; these individuals 
__ /" . 
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are recognised by a short work period and a slow pulse 

during recovery . Al though the element of willpm,.T8r 

involved means that the test is not of physical fitness 

only* it is still a valuable test of dynamic fitness 

because strenuous exertion demands both physical and 

mental qualities for its achievement. 

From the three pulse counts after exercise the pulse 

rate throughout the recovery period may be calculated. 

The curve of pulse rate during recovery is found to fit 

an exponential equation and can be drawn when any three 

values are known (Johnson et al . , 1942) . Gallagher et al . 

(1943) found that fitness indices calculated from three 

heart rates ,during the first 3i minutes after exercise 

agreed closely with those for which the third reading was 

taken 1 or 2 minutes later. Hence there is no advantage 

in taking the final pulse reading any later than 3-St 

minutes after the cessation of exercise; uch time would 

be wasted if later readings were taken on many subjects . 

'!he arbitrary correlation of duration of exeicise with 

post-exercise pulse rates has been criticised (Insull et 

al., 1955)and some investigators have preferred to allocate 

an arbitrary fitness index on the basis of time of 

exercise alone to those ho fail to complete 5 minutes 
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(Brouha et al., 1943; Johnson et al ., 1943) . I see no 

reason to believe that the standard method of calculating 

fitness index~ though arbitrary, is less precise than 

this modification and the double criterion has the merit 

of giving a wide scatter of fitness indices . The least 

fit individuals have a short exercise eriod w_ith rapid 

pulse thereafter; those of average fitness complete the 

exercise but with a rapid post-exercise pulse; the 

fittest complete the exe.rcise without any considerable 

increase in pulse-rate. Brouha and his colleagues found 

a range of fitness index of 15-120 in Harvard students . 

The range in my own investigations over several years has 

been 18-118. Both Zatopek and Bannister. when in training, 

had fitness indices of 172 (Cureton, 1956) 

The rapid fitness index 

A useful time-saving modification of the original 

calculation. recommended by Montoye (1953) requires only 

one pulse count 1-1! minutes after exercise. From this 

the rapid fitness index (RFI) is calculated as follows: 

RFI o sec . } x 100 
min. a · er exercise 

The ~lassification of fitness recommended on the basis 

of RFI is as follows (Weiss & Phillips, 1954; Morehouse 

& iller, 1959): 
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RFI < 50 - poor 

" 50• 80 - average 
.. > 80 - good 

Fitness indices calculated by the two methods show 

very close agreement (Karpovich , 1953; Sloan, 1963) . and 

the rapid method saves much time when many subjects are 

to be tested. 

other modifications 

!ost modifications of the test. intr oduced by various 

investigators# involve reduction in the height of the 

step or in the duration or tempo of stepping. l:arpovich 

et al . (1944) reduced the rate to 24 steps a minute for 

young men convalescing from. acute respiratory infections, 

and Jung (1951) reduced it to 15 steps a minute . The 
• 

height of the step has been reduced to 18 inches (Cureton 

et 1 •• 1945a) or 17 inches (Cureton, 195la, b) . Brockett 

et al . (1956a.,b) reduced the duration of stepping to 3 

minutes . Michael and Gallon (1959) used a 17-inch step 

on to which their subjects stepped at a rate of 36 steps 

per minute for 1 minute . Miller and Elbel ( 1946) and 

Elbel {1948) reduced the height of the step to 16 inches 

and the duration of the test to 1 minute;, the rate varied 

from 18 to 42 steps per minute . Ryhming (1954) used a 
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40 cm. step at 22 . S steps per minute . Revelli and Aghemo 

(1963} used bench heights of 30, 40, 45, and 50 cm. and 

stepping rates of 10. 20, and 30 per minute; the duration 

of stepping was 5 minutes. Hettinger and Rodahl (1960} 

adjusted the height of step for each individual to give 

a standard degree of flexion of hip and knee; the test 

was performed for 2 minutes at a rate of 25 steps per 

minute. A disadvantage of reducing the severity of the 

test is that emotional effects on the pulse, hioh are 

minimal during the response to severe exercise, may exert 

considerable influence at lower work levels (Taylor et al .~ 

1963). The sole exception to the trend of diminishing 

effort is Fletcher (l 958a,b,. 1960) whose subjects stepped 

on to a 22-inch bench 30 times a minute until exhausted . 

For testing men none of the above modifications has any 

conspicuous advantage over the original pattern of the 

test but there is fairly general agreement that a less 

strenuous test is desirable for women and children. For 

women the height of the step has been lowered to 18 

inches (Hardy et al .. , 1943; eld_ 1946; Skubic & Hodgkins , 

1963 }. 15 lnches (Cullumbine., 1949b)_. 14 inches (Cureton, 

1947), or even 13 inches {ffyh ming, 1954) . 'llte period of 

exercise has been reduced to 4 ~inutes (Hardy et al.# 1943; 

leld, 1946) or 3 minutes (Skubie & Hodgkins, 1963) . 
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Skubic and Hodgkins lso reduced the rate to 24 steps 

per minute. Ryh• ing (1954) reduced it to 22 .5 steps per 

minute . Sloan (1959) found that healthy young women step­

ping 30 times a minute for up to 5 minutes on a 17-inch 

step had fitness indices of the same order as healthy 

young men performing the same test on !1 20-inch step. 

Various arbitrary modifications of the test have been 

employed for boys and for gi rls (Sloan & Keen, 1959a). 

Cureton (1947) recoll!ID.ended a step 13 - 14 inches high for 

preadolescent boys and girls . Cullumbine (1949b) used a 

20-inch step for males aged 14 years and over and a 15-inch 

step for younger boys. Weld (1946) used an 18-inch step 

for boys and r educed the period of exercise to 4 minutes . 

Karvonen (1964} reeOll\lllended a 17-ineh step and a 3-minute 

exercise period for boys . Gallagher and Brouha (1943d), 

Johnson et al. {1943), Gallagher (1944). and ieiss and 

Phillips (1954) used a 4-minute exercise period and a step 

20 inches high for boys whose surface area was 1 . 85 square 

metres or more; for smaller boys the step was 18 inches 

high. High school gi rls have been tested on an 18-inch 

step at 24 steps a minute for 3 minutes (Skubic & Hodgkins . 

1963. 1964) and on a 16-inch step at 30 steps a minute for 

4 ·nutes (Brouha & Gallagher, 1943; Gallagher & Brouha, 
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1943a) . As an arbitrary standard I have tested both boys 

and girls (aged 14 years and over) at 30 steps a minute 

for 5 minutes , using an 18-inch step for boys and a 16-inch 

step for girls . For testing different age nd sex g r oups 

it is convenient to have an adjustable bench, such as 

one I have designed which can be set at heights of 16, 17, 

18, 19, or 20 inches (Fig. 2}. 

Applications 

During the second world war the Harvard step test was 

used in the selection of combat officers {Woods et al ., 

1943) . Since the war the original test, or some modifi ca­

tion of it has been applied to soldiers (Reedy , 1953, 1954; 

Reedy & Saiger, 1954; Insull et al ." 1955; Brockett et 

al ., l956a, b) , sailors (Cook & Wherry, 1950), airmen 

(Seltzer, 1946; _ Evrard, 1959), lumbermen (Fortier, 1946a,b), 

and athletes (Cullumbine, 1949a; Cullumbine & Will iams, 

1949; Cureton, 1951; ichael & Gallon. 1959) . Numerous 

investigators have tested students , and Cullumbine 

(1949c. d#e) tested whole populations (men . women , and 

children) in Ceylon . 

Correlation with other tests 

ost investigators have found poor correlation between 

FI on the Harvard step test and the results of other tests 
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of work capacity (Eichna et al ._ 1944; Cureton et al .. . 

1945a; Cullumbine & Wi lliams, 1949; 'Cook & Wherry, 1950; 

Montoya, 1953; Maggio et al ., 1963; Rasch & Wilson , 1964) 

but Ryluning (1954) found good agreement between the pulse 

rates after a modified step test and after equivalent work 

on a bieycle ergometer, and Martin (1957) found no 

significant difference between the pulse rates after a 

5-minute step test,, as- minute step test, and 100 standing 

jumps. 

Hodgson et al ., {1946) found that the FI calculated from 

the Harvard step test showed little relation to rate of 

oxygen consumption,,. pulmonary ventilation , or resting 

heart rate. Cullumbine and Williams (1949) found no 

significant relation between FI, vital capacity, breath­

holding time, or expi.ratory force . Hettinger et al . (1961} 

and Rodahl et al .. (1961) showed good correlation between 

FI and maximum oxygen intake. Rovelli and Aghemo (1963)# 

employing a range of heights and rates of stepping,. found 

a linear correlation betw-een rate of oxygen consumption 

and the calculated energy expenditure; on a 50 cm. bench 

at 30 steps per minute this corresponded to the maximum 

oxygen intake for a young non-athletic subject . 

Reedy (1953 , 1954) included the Harvard step test in a 
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test battery for army recruits, and Brockett et al .(1956b) 

combined a mo 'fied step test with the U. S . rmy physical 

training tests . Cureton (1956) found that the Harvard 

step test had the best correlation of any individual fit­

ness test with a 22-ite test b ttery but had a low 

correlation with other individUal tests of fitness for 

strenuous work •• 

reliability of 

.., 
Brozek et al. (1953) . assessing the 

number of exercise tests, found that the 

Iarvard step test gave th'? most consistent results . 

Although the blood lactate level after exercise shows 

poor correlation with the results of fitness tests , high 

blood lactate levels tend to be associated with low fitness 

indices (Gallagher & Brouha, 1943c). 

Swmn ry 

'!he technique of the Harvard step test is described. 

The origin 1 test is a satisfactory test of dynamic 

fitness of young men but, in order to achieve valid compari­

sons , the conditions of testing ust be carefully stan-

d rdised. The rapid fitness index, based on one post­

exercise pulse count instead of three, is satisfactory 

d time-saving. 

Different investigators have modified the test in 

different w yr;, altering the height of the step, the rate 
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of stepping, and the dur tion of stepping. For men the 

modifications confer no ao"vantage over the original- test . 

For women and children a lower step is desirable than for 

men but the tempo and duration of stepping ne~d not be 

altered . 

Opinions differ widely on the correlation between fitness 

index, as determined by the Harvard step test or one of 

its modifications. and other measures of physical fitness . 

In gener al the fitness index correlates fairly well with 

maximum oxygen int ke and ,ith the composite results of 

batteries of athletic tests . 
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Chapter 4 

Tests of athletic fitness 

Categories of p.hysical fitness 

Although most of the investigations reported in this 

thesis have been eonoernedwith the determination of 

dynamic fitness as defined by Gallagher and Brouha (1943b), 

and static fitness- which is determined by routine medical 

examination# is not discussed here. there are other 

aspects ef physical fitness which must be considered in 

achieving a general assessment. Stansbury (1943) gave these 

as speed, strength, endurance, agility• and co-ordination •. 

The New York State Physical Fitness Test (University, 1958) 

subntituted accuracy for cc-ordination and added posture 

and balance . Cureton (1947).,. from an extensive analysis 

of a 14-item test battery,,, extracted 6 principal factors!P 

viz.:endurance .. , strength., balance_. agility, power, and 

flexibility. Local factors which have been investigated 

include abdominal strength,. arm strength. and foot strength 

(Mohr, 1944) and arm and shoulder co-ordination (Barrow, 

1954) . Nicks and Fleishman (1962) subdivided the strength 

factor into explosive, dynamic,, and static strength, and 

added speed and co-ordination.. Ismail and Cowell (1962) 
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substituted cardiovascular efficiency for endurance, and 

added accuracy . Ponthieux and Barker (1963) considered 

3 categories of physical fitness , viz . : circulorespira­

tory endurance# gross body co-ordination .. and explosive 

strength; the test battery, which I have employed, is a 

useful measure of these factors . 

The most satisfactory test of fitness for a particular 

task is performance of the task (Tegner, 1945; Abrahams, 

1956) but a general assessment of fitness for physical 

activity may be achieved by the groups of tests described 

below . 

Tests of athletic fitness of men 

The oldest tests of physical fitness, those based on 

athletic performance. have been employed in competitive 

athletics for more than 2, 000 years. Whereas any one 

type of athletic performance may depend to a considerable 

extent on a particular motor skill it is possible. with 

a suitable combination of tests,. to assess the several 

factors .involved. The raw scores of different tests may 

be converted to T-scores and the total T-score is taken 

as a criterion of physical fitness (Pcwell & Howe., 1939; 

O' Connor & Cureton, 1945; Cureton , 1947; Brown, 1954; 

Barrow., 1954; Landiss., 1955; Cousins , 1955; Arnett, 1962)., 
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The range , 0 .. 100. on a T- seore corresponds to the mean 
+ . . . . . . - 3 standard devi ations of the raw scores for the test . 

To obtain a composite eri terion of fitness for an individ­

ual his T- soores for the several tests in one test 

battery a.re added together. ' They may be given equal 

weight or each test result may be multiplied by a factor 

based on its value in predicting the criterion. For 

practical purposes., if large groups are to be tested,,, the 

minimum number of tests should be employed which will give 

a reasonable prediction of the score of the more 

comprehensive test batteries . 

Larson's test of motor ability (La.rson1 1941) consists 

of baseball t .hrow for distance# pull- ups ., vertical jump, 

and bar- snaps . Kistler {1944} employed a 5-minute run 

for distance. an obstacle race for time, push ... ups , chinning, 

and sit-ups . The JCR test battery {Phillips1 1947a, b) 

comprises a vertical jump., chinning. and a shuttle run of 

20 5-yard lengths with bankboards at each end . 

Cureton ' s short classification test (Cureton et al . 

1945b), comprising dive and roll , medicine ball put, bar 

vault, chinning, leg lift , sit-ups, breath holding, and 

man lifting, can be performed indoors on 10 men in30 

minutes by one instructor. A sh.orter battery {Cureton et 
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al . 1945a) comprises the mile :run. chinning, and sitting 

tucks . The United States Army Air Force employs a 

battery of 3 tests (chinning. sit-ups, and 300- yard 

shuttle run) . the scores of which correlate well with the 
total score of 15 tests of speed, strength, endurance, 

agility. and coordination (Stansbury. 1943) . The United 

St tes Army test battery includes these and squat jumps 

and press•ups (Department of the Army,,. 1950) . These tests 

ight be combined. with the Harvard step test. and obstacle 

race, and a 5-mile speed march {Reedy. 1953, 1954) or 

with a modified Harvard step test {Brockett et al . , 1956b) . . .. 

The United States Navy fitness test (Loveless, 1952), 

comprising squat thrusts. sit- ups , push-ups. squat jumps 

and pull- ups, has the advantage that it does not require 

outdoor facilities . 

Cullum.bine (l949d,e) combined ight-lifting and a 100-

yard sprint with the Harvard step test . Henry and Berg 

(1950) combined a modified Harvard step test with an 

endurance index (EI) derived as follows: 

EI • -cime taken to run 300 yards 
time taken to run 15 yards 

Other short test batteries which have proved satisfactory 

include: sit- ups, squat jumps. squat thrusts, push- ups, 
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pull- up"' ,. 100-yard pick-a-back, and 300-yard run (Siger­

seth, 1951); standing broad jump# shot-put. squat twists 

and leg raising (McRone et al . , 1952); 60-yard d sh, 

shuttle run, st nding broad jump, softball thro r1 for 

distance, straddle chinning. and. trunk flexion (Barrow, 

1954); and push-ups , squat jumps, sit-ups, standing broad 

jump, 75-yard dash., and 220-yard dash (Riendeau et al ., 

1958). '!be test battery employed by Hebbelinck and 

Postma (1963) coII!Prises a 60-yard dash, chinning, dipping, 

standing vertical jump, standing broad jump, and putting 

a 16 lb. shot . That of Mellerowitz (1964} includes broad 

jump, 100- etre and 1,000-metre runs and an exercise . 

tolerance test with a hand ergometer. That . of Kukttshkin 

(1964) com rises 100-metre and 1,.500- etre runs , running 

long jump_. and chinning •. 

Other measurements may be added to tests for motor 

fitness to obtain a comprehensive picture of physical 

c-ondition .• Cureton (1947) included c-onstitutional body 

type. metabolic rate, and nutritional status. 

Tests of athletic fitness of women 

A 3-item test battery for women which shows good corre­

lation rri th a 35-i tem composite cri ~erion {Scott , 1939) 

comprises 4-second dash for distance. basketball throw for 
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distance and vertical jump. A 6-item. battery which in­

cludes tests of strength and endurance (Mohr. 1944) is 

the following: modified step test, sit-ups., arm strength 

~y dynamometer1 modified push-ups. squat-jumps. and 

obstacle race. Pm,ell (1947) employed an 8-item test 

battery comprising standing broad ' jump. potato race. bas• 

ketball throw for distance. push.• s, sit•ups, pull-ups, 

lO•inch squat thrust , and 30-inch Jsquat thrust . Scott and 

Wilson (1948) used only 5 tests. viz .. ,. obstacle run., 

vertical pull, sit-ups, bounce,, and chair stepping. MeCue 

(1953) assessed flexibility by measurement of joint move­

ments and Harris (1963} by the Kraus-Weber tests (vide 

infra) . Hart and Shay (1964) applied the New York State 

physical fitness test battery (vide infra) . Kukushkin 

(1964) tested women on 100-metre and 800-metre runs~ run­

ning long jump.; and push-ups. 

Tests of athletic fitness, of hiqh school children 

ost adult tests of physicc1l fitness are applicable also 

to high school children but s om.e modifications may be 

required~ particularly for the younger age-groups~ The 

modifications of the Harvard step test which have been 

found appropriate are described in Chapter 3. Other lab• 

oratory tests of dynamic fitness which have been performed 
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on children include bicycle ergometry (Gallagher & Brouha1 

1943c; Gallagher et al ., 1943; Adams et al ., 196la,b; 

Rodahl et al . , 1961; Sexton, 1963; Maggio et al • • 1963; 

Knuttgen & Steendahl~ 1963; Hollman. 1964; rt-amer & 

Lurie, 1964) , t:readtnill running {Balke. 1963) , and running 

up and down stairs (Boas. 1931) . Heart rates have been 

recorded during running on the level (Boas, 1931; Skubi e 

& Hilgendorf, 1964) and during swimming and gymnastic 

activiti es (Faulkner et al ., 1963} . 

The Kraus-, eber tests (~aus & Hirschland, 1953, 1954.; 

Phillips et al ., 1955) lay particular emphasis on flexib­

ility; they involve prone trunk and leg raising. supine 

trunk and leg raising" and trunk flexion . Bu.rley et al .. 

(1961) added to flexibility tests the basketball throw for 

distance, standing broad jump, and 50- yard dash . 

A short battery of athletic tests which has been applied 

to many children from 6 to 18 years of age comprises 100-

yard run , 600-yard run, and putting a 12 lb. shot (Jokl & 

Cluver, 1941; de Jongh et al ., 1942; Cluver et al., 1942; 

Botha et al ., 1945) . Another test battery which has been 

used for both boys and girls consists of a 60-metre run, 

high jump, and throwing an 80- gram ball ( licer & 

Denisiuk. 1964b) . 
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The ew York State Physical Fitness Test (University, 

1958) comprises a posture rating, target throw. pull-ups . . ' 

(modified pull-ups for older girls and modified pu~-ups 

for younger boys and girls) , side-steps, SO- yard dash, 

squat stand. and ·•treadmill' ( in push-up position, jump 

change of alternate legs from full extension to full flexion . 
with thigh against chest). From the results of the 7 tests 

composite physical fitness score is derived. After 

many thousands of children h d been tested a shorter screen­

ing test was devised, comprising sit-ups,. side-steps. SO­

yard dash, and squat thrusts (University, 1964). 

Other test batteries which have been used for schoolboys 

include: vertical jump, rope elimb, stai:iding broad jump, 

fence vault. and a swimming test (Johnson et al., 1944), 

straddle chinning~ push-ups, squat thrusts . and .vertical 

jump (Bookwalter. 1952),.. and hand-grips,, back lift, leg 

lift ,, pull-ups, push-ups_. and lung capacity (Clarke & 

Carter, 1959). Ismail and Cowell (1962) derived from 18 

tests and groups of tests on boys a 3-item test battery 

comprising the standing broad jump, softball thro for dis­

tance~ and pull--ups. Baacke (1964) derived a composite 

criterion of physical fitness for boys from height. weight , 

leg length. and 8 athletic tests; a combination of 2 
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tests (standing broad jump and SO-yard dash) correlated 

well with the criterion. Karvonen (1964} combined his 

step test (vide supra) with the vertical jump, chinning,, 

push-ups, side leg raising, squat jumps. and forehead-knee 

touching. 

O' Connor and Cureton (1945) employed 6-item and 12-i tem 

motor fitness test batteries to assess balance. flexibility , 

agility# strength, power and endurance of high school 

girls; the tests of strength and endurance had the high­

est correlation with the total criterion . Short test 

batteries ,which have been used for sehoolgirls include: 

standing broad jump, hurdle race~ and scramble (Powell & 

Howe,. 1939). ' through-the-stick' , pull-ups, curl-ups. 

squat thrusts , and agility run (Fox, 1959) 6 and modified 

pull-ups ~ 600-yard run-walk and standing broad jump.{Arnett ~ 

1962). All three short batteries correlate well with more 

complex criteria of fitness . 

The AAHPER test battery (American Association, 1958) com­

prising 7 tests of athletic fitness , has now been applied 

to many thousands of children both in the United States 

and in other countries . This battery, which I have used 

for most of my tests of athletic fitness and a number of 

modifications of it , a re desctibed and discussed in 
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Chapters. 

The performance of athletic tests by children varies 

with age and .sex. At tests involving strength or 

endurance boys are usually better than girls of the same 

age and the boys • performance improves progressively with 

age, whereas the endurance of girls tends to deteriorate 

after puberty {Cluver et al ., 1942; de Jongh et al., 1942; 

Hunsicker, 1958; Espenschade, 1960; University, 1963) . 

Summary 

A general assessment of the physical fitness of subjects 

who are free from disease or deformity may be acliieved by 

the use of a test battery which measures selected aspects 

of athletic fitness . The main factors a re endurance (the 

main feature of dynamic fitness) , coordination (motor 

skills fitness)# strength, speed. agility , flexibility , 

and balance. Some investigators include anthropometric 

data in the assessment of physical fitness . 

Aopropriate tests of each of these factors have been 

devised and a composite criterion of fitness may be cal­

culated for each individual from his T•scores on the 

several tests . A good test battery is one which requires 

only simple equipment and can be applied by one trained 

observer to many subjects in a short time . It should 
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Fig. 1: Harvard step test. 

Fig. A; Adjustable bench for Harvard step test. 
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ig. 5: Sit-up 
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employ the minimum number of tests required to giv a 

general assessment of physical fitness and should have a 

high test- retest reliability. 

[any test batteries are suitable for men_. women, and 

children although some require modification, particularly 

for young children,. and different standards of performance 

must he set for the two sexes and for different age-groups 

of boys and of girls. 
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Chapter 5 

The AA!{PER test batter;x 

In 1958 the American Association for Health , Physical 

Education and Recreation recommended a battery of 7 tests 

to ssess the physical fitness of high school children, 

viz.: pull-up,, sit-up. shuttle run . standing broad jump, 

50-yard dash, softball throw for distance., and 600-yard run­

walk. The first 4 tests ai·e normally performed· in the 

gymnasium during ' one school period a..~d the remaining 3 are 
~ 

performed out of ,doors in one school period. Detailed 

instruction~ are given for the per,formance and scoring of 

each test (.American A3sociation#· 1958) . All the tests are 
' ' "'-. 

reliable. as indicated by a· highly significant test-reteut 

correlation (Stein , 1964) •. 

Details of tests 

l (a) . Pull-up - ihe pull•up for boys is performed hanging 

from a bar high :enough for the feet to be clear of the 

floor when the arms are fully extended. The overhand grasp 

is used (Fig. 3) ~ The subject raises his body by his arms 

until his chin is above the bar and then lowers himself to 

the starting position. No swinging of the body or kicking 

of the legs is permitted. '!he exercise is repeated as 
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often as possible and the score is the number of complete 

pull-ups achieved. 

2(b) . odified pull-up• For girls the modified pull-up 

is used. A horizontal bar, set at about nip le level, is 

grasped with both h~ds, using an overhand grasp. The 

subject extends her legs under the bar and extends her 

arms fully (Fig . 4) . The arms should form an angle of 90 

degrees ith tha body line and the body line should form 

an angle of 45 degrees with the floor . The heels should 

be braced to prevent slipping,. for instance against the 

scorer ' s feet . From this position, keeping her body 

str ight. ·the subject :raises her body by the arms until the 

chest touches the bar an ten lowers herself to the 

starting position. No resting is permitted. The score is 

the number of completed pull-ups to a maximum of 40. 

2. Sit-up - The sit-up is performed with the subject • 
supine on the floor with legs extended and feet about 2 feet 

apart. '!he hands are placed on the back of the neck with 

the fingers interlaced and the elbows against the floor ~ 

A part~e~ holds the ankles down and acts as scorer (Fig . 5) . 

To perform the test the subject sits up turning the trunk 

to the left and touching the right elbow to the left knee, 

returns to the starting position, and then sits up turning 



Fig. 6 : uttle-run 
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the trunk to the right and touching the left elbow to the 

r ight knee . The exercise is repe ted. alternating sides4 

In scoring, one point is given fore ch complete movement 

of touching elbow to knee . No score is counted if the 

fingertips do not maintain contact behin the head, if 

knees are bent wen the subject lies on his back or when he 

begins to sit up, or if he pushes up off the floor vith an 

elb0'\-1. The maximum score in number of sit-ups is restricted 

to 50 for girl and 100 for boys . 

3 • . Shuttle run - For the shuttle run , two parallel lines 

are marked on the floor 30 feet apart and two small blocks 

of wood (2 in .x 2 in.x 4 in . ) are placed beyond one of the '>-

lines . : St rting from behind the other line the boy or 

girl ~s to the blocks, picks one up 1 runs back to the 

starti;gg line# and places the block behind the line, runs 

back and picks up the second block. and runs back with it 

across- the starting line (Fig. 6} . At least 2 scorers should 

be available with stop-watches so that at lea~t 2 subjects 

can run at the same time . Two trials are allowed with a 

rest between. The score is the shorter of _the 'two times 

to the nearest tenth of a second . 

4. ~tan.ding broad jume - For the standing broad jump the 

boy or girl stands ith feet apart and toes just behind 



ig. 7: t i g bro d 
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the t e-off line. Pre ar tory to jumping the subject 

swings the arms baa.~ards and bends the knees (Fig. i). 

The jump is accompli d by simultaneously extending the 

knees and swinging forward the arms. The jum is measured 

to the heel or other part oft e ody that touches . the 

floor nearest the take-off !ine. Three trials are allowed 

and the score is': the longest of the thre jumps . easured 

to the nearest inch. 

5. 50-y; rd dash ... This test is perfomed by two or more 

subjects at a time. depending on the number of timers with 

sto atches vailable. 'l'he st rter dr ps his arm on the , 

ca and. "go~., to give the timer visual signal . This 

test is performed once only' and the score is the time taken 

to run 50 yards, measured to the ne rest tenth of a 

second. 

6 . So~ball throw for distance - A st dard (12-inch 

circumf renee) softball is used . Star·ing from in front 

of line 6 feet behind the take-off line the boy or girl 

throws the softball over and from behind the take-off 

line s fQr as possible. The throw is measured from the 

point of landing to the ne rest point on the take-off 
-line. Three throws are allowed and the score is the long-

est of the three throws, measured to the nearest foot .• 



58 

7. 600-yard :run .... walk - From a standing starl the boy or 

girl runs 600 yards . If unable to run the whole distance 

he intersperses running with walking but the object is to 

cover the distance in the shortest possible time. It is 

convenient to have from 6 to 12 subjects running together; 

each runner has a partner wlto notes the t ime called out by 

the timer as that runner crosses the finishing line. The 

test is performed once only and the score is the time 

taken to cover 6oo· yards41 measured to the nearest second. 

Significance of the AAHPER test~ 

In the original publication., results of the tests were 

expressed as raw scores and percentiles for each annual 

age roup from 10 to 17 years of boys and of girls and in 

ter.ns of an index derived from age •. height, and weight for 

each sex. Espenschade (1963)~ from analysis of a similar 

test battery, concluded that ~ge alone is a better basis 

for establishing test norms than is a combination of age,, 

height,. and weight . In secondary school children Gross 

and Casoiani (1962} found that age-, height, and weight 

bore little relation to the results of the tests; they 

recommended that junior high school boys, junior high 

soho0l girls, high school boys, and high school girls 

should each be regarded as a homogeneous group for purposes 

of classification .. 
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o•connor and Cureton (1945} took sit- ups as a test of 

strength. Cureton (1947 J considered pull-ups a test of 

enduranco and the standing broad jump a test of power . 

Fowler and Gardner (1963} considered pull-upE as testing 

dynamic strength, the 5-0-yard dash and broad jump explosive 

strength. sit-ups dynamic flexibility , and the 600- yard run 

endurance . 

From multiple cor1·elations of the results of the 7 

UlllPll tests Pon thieux and Barker ( 1963) extracted 3 

categories of physical fitness~ viz . : (1) circulo-

respirat cy endurance (pull-up. sit-up, 600-ya:i:-d run-walk) , 

(2) gross body coordination (softball thrm ). and 

(S) explooive strength {standing broad jump, so ... yard dash, 

shuttle run) . K:nuttgen and Steendahl (1963) contend that 

the softball throw depends predominantly on acquired skill 

and so is of questionable validity as a test of physical 

fitness,. 

In my opinion the main factors measured by the Iv\HPER 

tests are as follows: 

(1) Pull-up and modified pull-up: arm strength 

{2) Sit-up: trunk strength a d flexibility 

{3) Shuttle-run: agility 

(,) Standing broad-jump: power {explosive strength) 



(5) SO-yard dash : speed 

{6) Softball throwt power and coordination 

(1) 600- yard run•walkt endurance 
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.An important factor not specifically tested by this 

battery is balance. 

Modif,it!ations of tt,.~ MRPER test batterz 

Arnett (1962) found good correlation {r>: ,. 892} between 

the Al\HPER tests and a short test battery oonsisting of 

modified pull- up, 600-yard run. and standing broad- jump. 

The best single test was the standing broad- jump. Ismail 

and Cowell (1962} employed a 3• item battery com.prising 

standing broad-jump. softball thr01r1_ and pull-up. A total 

score was calculated as follows: 

Score = 3. 319A + l •. 596B + 15 ,. 371C + 188 . 64 

where A -. broad jump (feet ) 

B ~ softball thro· (feet) 

C = pull-ups (number) 

In my later tests of athletic fitness I have modified 

two of the tests in order to obtain more satisfactory 

T~scores for a total criterion of fitness . Having found 

the :nodified pull-up an unsatisfactory test of fitness for 

girls since nearly all the subjects tested achieved the 

maximum score with little effort and since it has a 



Fig. 8 : Str ddle chinning 
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restricted maximum score. I substituted straddle chinning 

(Cureton et al . , 1945a} as a test which ould distinguish 

the fit from the less fit girls and avoid an rbitrary 

maximum score. To avoid the skew distribution imposed on 

the results of the sit-ups by the restricted aximum for 

boys and for girls I substituted for the original test timed 

sit-ups· (Havlicek,. 1944), counting the maximum number which 

·-could be performed in one mil\ute . The_ details of these 

tests are as f ollaws: 

Straddle chinning - 'l'he subject lies 91pine with her 

arms by her sides while her partner stands astride of her 

with her feet against th~ subject's elbows . The subject 

then grasps the partner•s hands, each flexing the fingers 

with the palms of the hands towards her own body (Fig . 8). 

Keeping her body rigid she pulls herself up by her arms 

until her'. body touches the inside of her partner•s thighs 

and then lowers herself to the starting position . At the 

top of the lift the subject •s arms should be in line with 
. . . 

her trunk and lower limbs . No resting is allowed and the 

partner must be motionless and avoid contributing to the 

lift . The exc,rcise is repeated soften as possible and 

the score is the number of complete straddle chinnings 

chieved . 
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Timed sit-up - The pattern of movement for the timed 

sit-up is the same as for the original sit-up test, but 

the score is the maximum number of complete sit-ups per­

formed in one minute. The test is the same for boys and 

for girls. 

Swmnau: 

The AAHPER test battery measures all the main factors 
, . 

involved in athletic fitness except balance. It comprises 

1 tests,. viz . : pull-up (modified pull- up for girls .)" sit ... 

up, shuttle run, standing broad j.ump.__ SO-yard dash. softball 

throw for distance,, and 600-yard run-walk. The modified 

pull-up is not a satisfactory test, for girls and may be 

replaced by straddle chinning. For both boys and girls, 

timed sit-ups (maximum l minute) are preferable to the 

original unt imed test with an arbitrary maximwn for l::>oys 

and for girls. 
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Chapter 6 

Influence of anthropometric parameters- on 

the physical fitness of young men 
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In view of the discrepancy between the findings of 

different users of the Harvard step test on the relation 

between fitness index (FI) and anthropometric parameters 

of young men I investigated this problem, in collaboration 

with Dr. E-N. Keen, in 1951 . Since then I have performed 
r 

further investigations on my own in this field and have 

also applied the AAHPER test battery to young men ., 

A number of anthropometric factors might be e.xpected to 

influence the FI of young men subject to the Harvard 

step test. Of these the most obvious are weight and height. 

The work done is directly proportional to the body weight 

and one might expect that taller subjects would achieve 

more easily the stepping on to a high bench . 

Seltzer (1946)~ testing aviation cadets and college 

students, found a positive correlation between FI and the 

· reciprocal ponderal index (heighttt'weight} in untrained 

but not in trained subjects. In the military recruits 

tested by Reedy and Saiger (1954, 1958) the FI was not 

related to height and weight or to height alone but the 

perfo anea of heavier men was significantly poorer . 

·--- - - - - - _, 
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Brockett et al . (1956b) and Fletcher {1960) found no 

correlation between FI and height, weight., or leg length, 

but Elbel et al. (1958) found a positive correlation with 

each of these parameters. Monod and Bouisset (1964) 

demonstrated a low, but significant correlation between 

FI and an index derived from height, weight., and mean 

thoracic circumference. 

Seltzer and Brouha (1943) assessed the 'masculine 

component" of freshmen at Harvard University from general 

appearance., approximation of thighs with heels together, 

carrying angle.- hip-shoulder ratio. hair distribution,,. and 

breast development. In general. individuals with a low 

masculine component had a low FI, and the highest Fls 

were achieved o.nly by individuals with a strong masculine 

component. 

Other anthropometric measurements h e been studied in 

relation to the FI . Fortier (1946b) found that a high 

bi- eromial/bi-iliac r atio was s ignifieantly related to a 

high FI~ Cullumbine (1949c) found that the FI was 

significantly related to the bi-iliac diameter and to the 

ratios. bi-iliac diameter/height and chest-circumference/ 

height; FI was not.,, however_, related to the degree of ob­

esity ·(cullumbine et al •• 1950) . 
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Kireilis and Cureton (1947} found only lo negative 

correlation between obesity (expressed as ,the total .of 

6 skinfold measurements.) and physical performance 

{assessed by a 23- item test battery); there as however 

a significant negative corral tion between obesity and an 

endurance criterion derived from the times taken for 4 

There is no evidence of reduced muscular efficiency in 

obese subjects at arm flexion tests (Gessler, 1927a,h; 

Mcree & Bolinger. 1960) or n climbing stirs (Kom;nerell, 

1931). On treadmill te ... t:s, ho ever, obese subjects are 

less efficient (Miller & Blyth, 1955; Alexander, 1964; 

Turell et al • • 1964}. On a bicycle ergometer too there 
0 

is a lower echanical efficiency in the obese ( · trand et 

al., 1960b) and they have less endurance (Josenhans. 1962) 

than subjects of average ild. 

In healthy individuals the maximum oxygen intake is 

closely related to the lean body mass (Buskirk & Taylor, 

1957; Luft et al ... 1963). Obesity li its the capacity 

for strenuous effort { elch et al .# 1957; B lke & Ware, 

1959). Using batterie.s of a thletic te ts Loveless (1952) 

and .Best and ruhl (1955) found reduced fitness in obese 

or heavy subjects and Riendeau et al .. (1957, 1958) found 
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that obesity was a limiting factor in most motor fitness 

tests . 

Cureton (1947) recommended the inclusion of s ato­

types (Sheldon. 1940) in a general assessment of physical 

fitness . Willgoose and Rogers (1949) found a positive 

correlation between FI and esomorphy. a negative correla­

tion with endomorphy and no correlation with ectomo:rphy. 

iller (1952) found poor correlation between sses~"'nents 

of body build and the results of individual thletic tests 

or the total scores of test batteries. Sills (1950) and 

Hebbelinck and Postma (1963) found that me~o o hs were 

superior to endomorphs and ectomorphs in number of motor 

fitnes tests. Finnish jumpers, throwers~ sprinters. and 

long istance runners do not differ anthrop etrically from 
l 

each other (Pere et al • • 1954) . Rndomorphs tend to have 

a poor thletic performance (Sills. 1950. 1960) and 

ectomorphs are prone to injury (Sills, 1960) . 

Cullumbine et al. (1949) found a significant difference 

in fitness indices between different races in Ceylon. but 

these could be ascribed to inadequate nutrition of the 

groups with the poorer performance . Best and Kuhl (1955) 

found no significant difference in performance of fitness 

tests bet 11een white and black subjects . 
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All these investigations., except those of Cullumbine 

(1949c , d.,e) were :restricted to young men . obinson (1938), 

Astrand (1956) , Simonson (1957), Norris and Shock (1960). 

Andersen (1964)~ and Holl an (1936, 1964) reported on the 

progressive reduction in dynamic fitness in middle and old 

age . 

Anthropometq 

Sheldon ' s original method of assessing oc.y build in 

terms of somorphy, ecto or y, and endomorphy (Sheidon, 

1940) requires specialised equ.i ent and a tr ined 

observer although Gome investigators ha e elai ed to be 

able to ~sess these parameters reliably by direct obser-

ation of their subjects without. recourse to photography 

or me sure~ ts (Postm & Berens, 1962} . A rough asses ent 

of the preda inance of mesomorphy" endomorp y, or ectomorphy 

can be derived from the reciprocal ponderal index (RPI) 

{Sheldon* 1940; Sills~ 1960) or from the RPI and the body 

fat as esti ated from skinfold me surements (Hunt, 1952) .. 

Mes rphs and endomo.rphs ave a low RPI comp red with 

eetomorphs (J>axnell 1 1954; Dupe:rtuis & anuel 1 1956) and 

can be distinguished from each ot er by t e rel tiv·ely 

lower proportion of body ft usually found in esomorphs 

than in endomorphs {Dupertuis et al . P 1950; Parnell, 1954) . 
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In my investigations skin.folds ere measured with the 

United States Amy Medical Nutrition Laboratory caliper 

(Best. 1953). The specific gravity (SG) of young men was 

calculated f rem 3 skin fold easuremen ts by the formula of 

Brol ek and lCeys (1951) as follows: 

SG = 1 . 1011 • 0 •. 000282A - 0 . 000736B - 0 . 00088SC, where 

A :: horizontal abdominal skinfold (mm. ) half-way between 

the umbilicua and the right mid-aY..illary line. 

B ~ chest skinfold {mm. ) half-way bet-ween the nipple and 

the anterior axillary fold on the right side., taken 

across this line. 

C ,:; vertical skinfold {mm. } on th~ back of the right arm. 

midtray betwoen acromion and oleoranon processes. 

From the SG the proportion of fat in the body (by weight) 

is calcul ted as follows (Keys & Brozek* 1953): 

% fat= 100 c4•201 - 3. 81) SG 

In 1964 I acquired in the Physiology De artment of the 

University of Cape Town equipment for underwater weighing 

(Behnke et al .,,. 1942; Sloan et al • ., 1962) and for 

determination of pulmonary re~idual volume by the open 

circuit nitrogen-dilution method (Cournand et al ., 1941; 

Co:mroe et al •• 1962; Consolazio et al., 1963) . and so was 

eble to determine body specific gravity directly. As before, 



69 

the fo:rmul of Xeys and Brozek (1953) ras used to calculate 

the proportion of body fat from the specific gravity~ 

Tests of fitness 

Dynamic fitness ,as assessed by the stan ard Harvard 

step te t (Chapter 3) . For the first investigation the 

subjects ore shorts and tenni shoes an· the FI was 

c lculated from 3 half-minute post- exercise pulse counts. 

In the second and third investigations the subjects were 

given the choice of wearing tennis shoes or of erforming 

the test barefoot and the FI ~ as calcul ted from a single 

post•exercise pulse count . 

The subjects of the second investigation 1 o performed 

the modified AAHPER test b ttery (Cha ter S)J in which 

timed 1 t-ups (maxi..1t1um number in l minute) ere 

substituted for the origin 1 untied test limited to a 

max· UJ11 of 100 sit-ups . To obtain a composite criterion 

of thletic fitness T-scores were constructed for each test 

as described in Chapter 4. All ra: scores ere converted 

to T- scores~ the T-scores being 'inverted~ for the 3 runs 

(shuttle run. S -yard da ,. and 600-y r" run) so that 

the shor·est time corresponds to the highest T-seore . The 

com.po it criterion fore ch individual is the sum of his 

7 T- scores divided by 7 to ex ress it as a pereentage. 
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SUbjects and methods of investigation 

The subjects of the first investigation (Keen Sloan , 

1958; Sloan & Keen , 1959a) were 75 healthy young men , 

aged 17- 27 years, of whom 51 were medical students at the 

University of Cape Town and 24 l'lere physical education (PE) 

students at Paarl Training College.. Prior to analysis of 

tho results 2 PE students 1ere excluded because they h d 

parfonned the Harvard step test barefoot and 5 edical 

students bGcause they were unable to keep proper time or 

h d paused during the test . We measured height , eight# 

leg length (the height of the iliac crest from the ground 

in the erect posture), bi-iliac diameter, and resting pulse. 

The FI ias derived as in the origin Harvard step test . 

In 1964 I investigated the physical fitness of 76 

healthy young en, aged 17-26 years, of om 47 were White 
-
students at Paarl Training College and 29 were Coloured 

students at He at Training College in thlone. All the 

PE students at each college (20 White and 5 Coloured) ,ere 

tested as well as control groups of student::; (21 White and 

24 Coloured) not specializing in PE. al though all had at 

least one weekly period of gymnastics as nart of their 

gen ral training. Height and weight iere measured and 

the RPI calculated ., Body fat was estimated from sldnfold 



Table 1. Anthroo etric and physiological par eters 
of 68 rounca; en 

Par eter 
or 

Test 

N 

Height 
eight 

Leg l ngi: 1 

Bi-iliac di 
R sting puls 
Fitnes ndex 

Phy ical Significanc 
dical Ed c tion of 

Students Students Difference 

6 22 
176. + 'v . 7 176. + 4. 0 

63. + 8. 3 + ( <. 01) - 75 . 1- s.o < 
107. + 4. 3 + 107. - 2. 9 -... + 

• 28 . 5- 1. 4 28 . 8- 1 . 0 
+ as .s-12.1 + 7 . 4- 9. 3 ·<PE (P<.01) 
+ 62 . 0- 15. 7 + 85 . 6-10. 2 <PE (P< . Gl) 

In the tabl sin thi ch pter: 
N • number of subject 
Hight, leg-length, and bi-ili c i eter are 

ur i c ntimetres d ight in kilo-
gr • 

Resting pulse is XDfess din be s per minute. 
x!y r r sents e - standard devi tio. 
Fitness ind x refers to H rv rd step te t. 

= edical stu nts 
PE physical education udents 
- indicts no significant differenc. 
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measurements .. '111.e RFI was calculated for the Harvard 

step test and the modified AAHPER test battery was 

performed. 

The third investigation, also perfo ed in 1964, was 

on 50 healthy White male students, aged 18-26 ye rs at 

the University of Cape Town . These students erformed 

the I arva:rd stop test and their body fat was estimated 

from specific gravity, determined by underwater weighing. 

Results 

The renults of the first investigation are given in 

Table 1 . 'llte mean stature and leg length of the two groups 

were the same and the mean bi-iliac diameters very similar 

but the E students were significantly heavier. The PE 

students had a significantly lower mean resting pulse than 

the medical students . (The effect of physic 1 training 

on the resting. pulse will be discussed in Chapter 7. ) In 

spite of their heavier weig t the PE students had a much 

higher mean FI than the medical students . Height, weight , 

leg length, and bi-iliac diameter showed no significant 

carrel tion with FI in either group or in the series as a 

whole. 

The results of the second investigation are sh~~m in 

Table 2 and the significance of differences between the 



2. 

r ter it tudents Coloure students 
or 

et score E C trol p · C trol 

20 27 5 24 
eight + 178. 8- 7. 6 + 179. 0- 5. 4 166. + ~4 169. s! 4. 6 
ei t + 75. 9. 0 + 74 . 9 ... 6. 0 + 62 . 6- 5 . 6 + 62. 9- 6. 5 

RPI + 42. 4- 1. 0 + 42. 5- 1 .1 + 40. 1 . 5 + 42 . 7- 1 . 7 
F + J . o. a + . 4. l . 7 + 3. 6- 0 . 1 + 3. 5- 1. 4 

I + 84. - 10. 4 + 79. 9- 7. 9 + 78 . 8- 3. 6 + 79 . 1- 12. 6 
AAIIPER: 

Pull-ups + 9.a- 2.s + 6. 3- 2. 0 + 11 . 2- 1. s + 8. 4- 2. 2 
Sit- + .o + + + s 4. 2- 33. 9- 2. 7 32. 8- 4. 3 29. s- s.2 

uttl + 9. 2- o. + 9 . 8- 0 . 4 + 9. 0- 0 . 2 + 9. 3- o. 
J + 97. 4- 8. 1 + 89 .. l - s. s + 88. 6- 4. 8 + 92 . 9- s. 
50-y r + 6. 1- 0 . 3 + 6 . 0 . 3 + 7.1- 0 . 1 + 6. 7- 0 . 4 
Softb 1 + 190. 23. 6 + 167. 0-22. 2 + 176. 0- 14. 6 + 182. 3-25. 0 
600-yard + 93 . 6- 6 . 5 + 97 . 3- 6. 4 + 97. 6- 6. 8 + 104. 1- 6. 5 

Crit rion + 60. 5- 6 . 4 + 45. 4- 11. 5 + so.s-11.1 + 47 . 3- 7. 5 

In et les in this ch pter: 
RPI• reciproc 1 ponderal index 
RFI • r id fitness index ( ff rd step test) 
esults of AAHPER tests er scor s described in 

text; criterion is deri ed. fr sum of T-scores for 
c te t described in text. 

*Th figures (representing the percent ge by eight of 
f t in the body) ere derived by th formula of Brozek 

d ~Y fr kinfold e sur ents and are unn turally 
low. They hould not be t en s vali xcept for 
comp ri son be n the group ( ee text) • 



able 3. Significance of differences in anthr0p etric 
parameters and fitness test on 76 ;young m 

Par t r ite Colour PE C • or 
t st scor PE v. Con. PE v. Con . v. C v . C 

Height - - W)C )C 
(P<. 001) (P<.001) 

eight - - )C )C 
(P<. 001) (P<.001) 

RPI - · PE<Con . - -(P<. 05) 

F t - - - -
RFI - - -

AAHPER: 
Pull- ups PE>Co • PE>Con . - '<C 

(P< . 001) (P<.01) (.01) 

Sit-ups - - - -
Shuttl PE)C • - - (C 

(P< . 05) (P<.01} 

J PE>Co • - )C -(P<. 001) (P<. 01) 

5 y - - )C -(P<. 05) 

Softball PE>Con . - - <C 
(P<.01) (P<. 05) 

6 yard - - - )C 
(P<. 001) 

Criterion PE>Con . - ... -(P<. 001} 

Con. • Control 
• ite 

C • Coloured 
In the AAHPER t sts A>B indic tes a better rfo ce by 

1 i.e. shorter tim for the runs or higher score for tne other t sts. 
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groups in Table 3 . These tables are based on raw scores,. 

so a lower score for the runs indicates a better perfor­

mance. T-scores for each of the AAHPER tests on young men 

are given in Table Al (Appendix). ite students were 

significantly taller an heavier than Coloured students~ 

and Coloured PE students had a lower RPI (less ectom.orphy) 

than other Coloured students,.. The results of the Harvard 

step test showed no significant difference between the 

groups. On the AAHPER tests of · te students the PE g roup 

was superior to the control group at pull-ups. shuttle-run •. 

broad jump_ and oftball throw and in the total criterion; 

in the Coloured groups PE students iere superior only at 

pull- ups. In the inter- racial comparison of PE students 

the White were superior at the broad jump and the SO-yard 

dash. Wh.1 te c-ont:rols were superior to Coloured only at 

the 600- yard run;, at pull- ups. shuttle run , and softball 

throw the Coloured students were superior. Assessed on 

the total criterion of AAHPER fitness tests there was no 

significant difference between lhite and Coloured PE students 

or between White and Coloured controls . 

Considering the 4 groups as one the RFI had no significant 

correlation with RPI (r= . 018) but a low negative correlation 

with body fat (r- . 291; P< . 05} . The total criterion had 



Table 4. Corr lations of indivi al AAHPER test 

T st 

11- up 

Sit- up 

utile run 

Brod j 

50- y das 

oftb l thro 

600- yard run 

i th AAHPER eri t rion 
I in 76 young n . 

Correl tion Correl tion 
1th criterion 

-
. 575 

. 466 

. 546 

. 733 

. 727 

. 521 

. 535 

of SO young en . 

Height 

t 

RPI 

y f t 

RFI 

+ 177 . 3 - 6. 22 
+ 70. 6 - 6. 86 
+ 42. 9 - l . 64 

9 . 38! 4. 62 

75 . l ! 15 . 33 

1th RFI 

. 211 

. 093 

. 045 

. 107 

. 057 

. 147 

. 147 

. 267 

index 
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a positive correlation dth RPI (r=,. 625; P< •. 001) and a 

low negative correlation with body fat (r=- . 258; P<.05). 

'!he AATIPER criterion h d a highly significant correla­

tion (P< .001) with each of its individual tests, the best 

being with the standing broad jump (Table 4) . The correla• 

tion of RFI with the MHPER criterion and with the 

individual AJ\.RPER tests was poor, the only significant 

correlation being with the 600-y rd run-w lk (P<.05). 

To assess the influence of body build on RFI and on 

total criterion the 76 students 1ere divide into 3 groups . 

The 26 with the highest RPI \'fere classed s ectomorphs, the 

26 of the remainder with the le st body fat as mesomorphs, 

and the rem ining 24 as endomorphs . On this basis meso­

morphs were significantly better t the Harvard step test 

than ectomorphs (P< .01) and than endomorphs_ ('P<.05); the 

difference between ectomcrphs and endomorphs was not sig­

nificant. In terms of total AAHPER performance mesomorphs 

were superior to endomorphs (P< .01) but not to ectomorphs . 

In the third group of subjects., young White en . the 

mean RFI was 75 and the mean body fat 9 . 4'9 (Table 5),. There 

was no significant correlation between RFI and height. 

weight , or RPI but highly significant negative correlation 
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between RFI and proportion of body fat (r=- . 520; P< .001) . 

Grouping the subjects as eetomorphs, mesomorphs, and 

cnda orphs, sin the previous investig~tion, the meso­

morphs were the fittest but not significantly better than 

the octornorphs; both mesomorphs and ectomorphs were 

significantly bettor than endomo hs (P< . 05) . 

Discussion 

The results of the first investigation den.onstrate the 

superiority of PE students over medical students at a test 

of physical endurance . The finding that neither height 

nor leg-length is significantly correlutec with FI suggests 

that no modification of the test is necessary for individ­

uals of varying stature . The absence of correlation between 

reight and FI contrasts with he finding of eedy and Saiger 

(1954) that lighter men attain ~ignificantly higher FI 

scores than heavier men . Since this might be due to the 

additional weight in their subjects being adiposa tissue 

and in ours muscle, the opportunity was taken in later 

investigations to seek any correlation between FI and body 

build . We failed to substantiate a correlation between 

FI and bi-iliac diameter established by Cullumbine {1949c} 

on what was, admittedly, a much larger series of 

observations . 

The only marked anthr opometric differences between groups 
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in the second investigation ·1ere the gre ter height and 

weight of the White students, differences which were not 

associ ted with any marked difference in hysical perfor-

mance fr th t of the Coloured students. 
/ 

'lli.e figure for body s cific gravity derived from 

skinfold easurements by the formul of Brozek and reys 

(1951) re unreasonably high . as Pase le et al. (1955 1 1956) 

and I have observed in other investigations; consequently 

the figures for percentage body fat derived from this skin­

fold fo ula are too low; they are, hmrever, useful for 

comparative purposes wit in the series and in the division 

¢f th series into grou s based on somatotypes. 

The s · ilarity of pe~formance of the Harvard sten test 

by all the groups in the second series may be ttributable 

to the f ct that all the students int is series ha 

regular p ysical training in their curriculum. In the 

AAHPE tests, PE stud nts h d more arm strength as 

evidenced by their better performance of oull-ups and; in 

the ihi te groups, they s owed more agility ( shuttle run), 

power (broad ju..~p. softb 11 thro) and coordination (soft­

ball throw). White PE students had more p er (broad jump) 

and speed (50-yard dash} than Coloured but , in the control 

groups, ite students excelled only in endurance (600-yard 
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run) and rere inferior in arm strength, agility, and 

coordinatio ,. One would expect the ite students with 

their greater weight, not in this case attributable to 

obesity, to have more muscle power, butt ' sis manifested 
. 

only in the compariso of broad jumps in the PE groups. 

The superiority of PE students over controls in the total 

criterion is significant only in the White group, possibly 

because of the very small number cf Coloured PE students . 

111.e high correlation of the AAHPER criterion dth each 

of its constituent tests indicates th~t this is a well­

balanced te~t battery. The RFI has a surprisingly poor 

correlation with the .AAfi ER criterion and ,ri t the individ­

ual .MHPE.t tests; the highest correlation , as might be 

expected, is with the test of endurance (6. -yard run ... walk) . 

The mean body fat (9. 4'10) stim.ated by underwater weigh­

ing in t1e third series of young men, agrees reasonably 

ell with the findings of 10 . 6% (von D6beln , 1956), si (Le 

Bideau, 1959), and 10. rfo ( iecmillan et al ., l 65) in 

European subjects. American observers h ve re orted 

higher figures, 13 . 31. (ll}hite, 1961) and 16\ (Behnke, 1961) . 

This is indirect support for the hyoothesis that lack of 

correlation between RFI and body >Teight in young men in 

Cape To\m , 1 ereas a ne ative correlation has been reported 
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in young American men (Reedy & Saiger, 1954; Elbel et al ., 

1958) , is due to the heavier South Africans being less 

obese than the heavy Americans . 

In the second and third investigations the RFI was 

inversely related to the proportion of fat in the body, 

as was indicated also by the poor performance of subjects 

classed (on the basis of RPI and fat) as endomorphs . While 

the mean performance of endomorphs was below that of eso­

morphs in both series the difference just failed to reach 

significance in the third. The advantage of muscularity 

is less obvious than the disa antage of obesity., 

Summary 

The influence of anthropometric parameters on physical 

fitness , assessed by the Harvard step test , as studied on 

3 series of heal thy young men, one of which also perfom.ed 

the AAHPER test battery. Height and weight were 

measured in every case . In one series leg length and bi­

iliac diameter were measured; in the others RPI was 

caleul ted from height and weight , and the proportion of 

fat in the body was estimated from selected skinfold 

measurements or from specific gravity, determined by 

underwater weighing. Subjects were classified in groups 

of relative ectomorphy, mesomorphy, and endomorphy on the 
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basis of RPI and body fat . 

There was no significant correlation between height and 

weight and physical fitness . as assessed by the Harvard 

step test or by the AAHPER test battery. Physical 

education students were fitter than others, but there was 

no consistent di.fference in performance between White and 

Coloured subjects although the White were much taller and 

heavier. '!here was no significant correlation between 

FI (or RFI) and RPI, leg length, or bi-iliac diamter. but 

a negative correlation with obesity . The AAHPER criterion 

had a positive correlation with RPI (ectomorphy) and a 

negative correlation with obesity . There was a high 

correlation between the AAHPER criterion and the individual 

AAHPER tests but very poor correlation between the RFI 

and the A.AH.PER criterion or the AAHPER tests1 except the 

600- yard run-walk .. 

The more mesomorphic subjects were the best at the 

Harvard step test and the AAHPER tests; the more endo­

morphic were the worst at the Harvard step test . 
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Chapt~r 7 

Influence of physical training on the 

physical fitness of young men 

79 

'Il1e influence of physical training on physical fitness 

may be assessed from the difference in performance of tests 

of physical fitness by athletic and non-athletic groups or, 

better. by longitudinal studies on the same group of men 

during a prolonged period of physical training. 

Assessing dynamic fitness by the Harvard step test 

Brouh et al (1944) found significantly higher mean Fis 

in o rsmen (87) and in cross- country runners (86) than 

in an unselected group of students {75) . Taddonio and 

Karpovich (1951) found the following ean Fis in particular 

groups of young men• cross-country runners, 112; marathon 

ruru,ers, 99; sprinters and hurdlers , 86; sedentary. 62 . 

Keen and Sloan {1958) found a higher mean FI in PE than 

in medical students (Chapter 6) . During orld War II. 

Kark et al. (1947) in South East Asia observed higher Fis 

on a step test and on a pack test in soldiers whose work 

and training were vigorous than in those who were less 

active . 

Athletic men achieve better performances than sedentary 
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men on treadmill tests (Milic-Emili, 1959; Koff et al ... 

1961) and on a bicycle e.rg~eter t13st (Andersen , 1964 J. 

Overweight men have less endurance than normal men on a 

bicycle ergometer test. a difference which may be 

attributable to a lower level of physical activity in the 

former group {Josenhans., 1962}. 

Athletes have a longer breath-holding time ( ,fontoye, 1951} 

and a greater vital capacity {Stuart Collings, 1959) 

than non-athletes~ 

The parfo:rmance of the Harvard step test by young men 

at intervals during periods of from 3 weeks to 6 months 

of systematic physical training shows consistent improvement 

(Seltzer & Brouha, 1943; Seltzer# 1946; Evrard, 1g-s9; 

Cureton, 1963) . Similar findings have been obtained., using 

modified step tests (Henry & Berg, 1950; Fletcher, 1958a,b, 

1960; Michael & Gallon. 1959) and the Harvard pack test 

(Graybiel & West,. 1945). The Fl is not affected by 

cigarette smoking immediately prior to the test (Reeves & 

Morehouse, 1950; Schilpp, 1951). 

Training for running causes progressive improvement in 

efficiency of movement and progressive increase in maximal 

oxygen intake. (Knehi et al •• 1942} a well as greater 

toleration of oxygen debt {Hemingway, 1959) . Work capacity 
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is increased by a long-term programme of gymnastics and 
. ' . 

cross-country running once or twice a week for .several 

months and also by a short-term program:Itle of daily skiing 

for 8-10 days {Holmgren et al . . 1960} . The maximum oxygen 

intake of champion skaters improves with training {Jong­

bloed, 1962) . Work: efficiency and pulmon ry gas exchange 

improve progressively with physical training (Balke~ 1952; 

Naughton et al., 1963) and deteriorate during bed rest 

{Taylor,, 1945; Balke,. 1952) . Soldiers imp:roved at 7 tests 

of thletic fitness with 12 weeks of regular physical 

training (Sigerseth. 1951) and students improved in muscu­

lar strength, muscular endurance., and muscular power 

during 8 weeks of circuit training (Adamson., 1959). 

Kistler (1944) applied 5 tests of athletic fitness to 

1650 healthy young men before and after an intensive 8-·reek 

course of physical tra~ning; the greatest improvement was 

at sit-ups and the least at a 5-minut~ run (maximum distance 

covered in 5 minutes.). Bell (1948}. testing male athletes., 

found a greater improvement in the time for a 300.yard run 

than in the times for shorter runs or the results of other 

tests of endurance. Reedy {19541 applied the U.S. Army 

Physical Fitness test battery (Chapter 4) and other tests, 

including the Harvard step test, to aore than 1000 army 
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recruits before and after basic infantry training; an 

interesting finding was th ta group participating in 

additional physical training sho ed no greater improvement 

than the rest , which suggests that the basic infantry 

training was itself more strenuous than the additional 

formal physical training. During a year of military 

tr ining of Swedish army recruits the rork capacity of 

some who had been fittest at the beginning declined and 

the rork capacity of some of the least fit: improved (Borg 

&. Dahlstrl5m, 1962). Some oft ese recruits were lumbermen, 

for who_m the ilitary regime may have been less strenuous 

than t eir previous employment . 

Influence of physical training on body fat 

Active physical training causes diminution in body 

weig t and in waist girth (Suk, 1929) and in to,tal boc'y 

fat (Cureton, 1958, 1963; Pari zkowa et al .* 1962) . In 

both sexes and in all age.groups after puberty physically 

active people have less body fat than sedentary ones 

{Parizkowa, 1964) . 

Influence of ehysieal training on resting pulse rate 

According to Hunt and Pembrey (1921 h "'There is 

definite evidence to show that in any particular person 

the pulse rate is slower the better his physical condition•. 
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This view is supported by McKenzie (1924} . The mean rest­

ing pulse rate of trained athletes is slower than that of 

sedentary men {Cook & Pembrey, 1913; Hambly et al ., 1922; 

Campbell, 1925; Henderson et al •• 1927; Cotton, 1932; 

Schneider & X:axpovich 6 1948; Culiumbine. 1949a) and 

systematic physical training lowers the resting pulse rate 

(Dawson# 1919; Schneider et al. 11 . 1927; Jokl et al ••. 1941; 

K rvonen, 1959; Brouha, 1960b; Fletcher. 1960; Raab, 1960; 
I / 

Par1.zko a et al., 1962; Holmgren et al •• 1960) . Montoye 
. 

et al . (1960) noted that the resting pulse rate returned 

to its original level when training as abandoned. In 

contrast to these observations Cogswell et al . (1946) 

failed to detect any progressive decrease in resting pulse 

rate with training. 

The slow resting pulse of the trained athlete has been 

attributed to an increase in the stroke volume of the 

heart {Hende~son et al~, 1927; Bock et al •• 1928; 

Henry, 1954) with a corresponding increase in cardiac 

efficiency {Karvonen, 1958) . The slower resting pulse 

allows of a greater increase with -exercise up to the max­

imUl:l rate of about 180 heats per minute for the healthy 

human heart (Maritz et al.# 1961). An individual with a 

slow resting pulse rate will have a slower pulse rate 
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during and after moderate exercise than an individual 

with a faster resting pulse (Campbell , 1925; Tuttle & 

Salit, 1945; Schneider & ICarpovieh, 1948; Cullumhine, 

1949d) . With severe exercise the maximum rate i s 

approached in every oase so the absolute pulse increase 

i s greater in the individual ith a slow resting pulse 

(Tuttle & Salit r 1945; Schneider & Ka:rpovioh, 1948) .. 

In general the resting pulse rate is an unsatisfactory 

measur e of physical fitness,. ·since it i s influenced by · 

so many factors besides physical fitness . Brouha and 

Heath (1943) failed to find any correlation between rest­

ing pulse rates and capacity for strenuous exertion . 

Subjects and methods 

The f i rst investigation rformed by Dr. Keen and myself 

(X:een & Sloan, 1958; Sloan & ICeen, 1959a) gave · a direct 

comparison of physical fitness between two groups of young 

men,. comparable in most other respects , one of which was 

undergoing systematic training in physical education where­

as the other group. although it included individuals who 

participated in various sports,. had no systematic physical 

training. This investigation is described in Chapter 6. 

In order to achieve a longitudinal study of the effect 

of training on physical fitness Dr. lCeen and I next 

proceeded to investigate University oarsmen and rugby 
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players before and after a period of active physical 

training (Sloan & Keen. 1959b) . Our subjects were 100 

healthy male students, aged 17 to 24 years# at the 

University of Cape Town; of these 35 were members of the 

rowing club, 45 were members of the rugby club, and 20 

(controls) were medical students who were not undergoing 

systematic training for any sport . although some of them 

played games such as golf, tennis ., or squash racquets •. 

Resting pulse rates were counted and the Harvard step test 

was performed., as in the first investigation . The subjects 

were tested at the beginning of the academic year and the 

tests were repeated after 2- 4 months. during which the 

members of the rowing and rugby clubs had been undergoing 

intensive training for their respective sports . 

A considerable number.of subjects dropped out of the 

investigation after the first test . Eight members of the 

rowing club gave up rowing before the second tests were 

due and 3 failed to return for a second test . Four members 

of the rugby club stopped training and 10 were incapaeita• 

ted by illness or injury before the second tests were due; 

13 failed to attend for the second tests , the dates of 

which unfortunately coincided with examinations. Those 

rugby players who., for various reasons, did not perform 



Table 6 . Initi 1 ean fitness indices and resting pulse rates 
of ors en, rugby players and controls 

Group Fitness esting 
Index Pulse 

ing as ao. 2!12. 0 + 19. 5- 14. 4 

Rugby 45 + 75. 13. S .. 79 . 1-12. 

Control 20 + 56 . o;.19 . 9 + 8 . s.:.10. 1 

In the t les in this chapter: 
c n r of subjects 

ents mean ! st d rd deviation 

Table 7. Ch ges in mean fitness index of oar en and 
rugby play tr ning 

Group Initi l Fin 1 Significance 
of Change 

Rowing 24 + 81 . 1- 12 . 6 + 91. a ... 11. 4 P<. 001 

Rugby 18 + 81 . 3-13 . l + 92 . 6- 11 . 8 P< . 001 

Control 16 + + 58 . 4- 17. 8 S9. 6- 15. 6 -
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a second test represent fair cross-section of the 

group on the basis of physical fitness and resting pulse 

at the first test . Only 4 of the controls failed to 

return, one of them owi'ng to injury .. 

Results 

As described in Chapter 6 and summ rized in Table 1~ a 

group of physical education students had significantly 

higher mean FI and a significantly lower mean resting 

pulse than a comparable group of medical students . The 

absolute pulse increase also w s significantl lower for 

the PE students (means 44 . 5, 51 . 7; P<.05) but the ratio 

of pulse increase to resting pulse was almost identical in 

the two groups (PE~ 0 . 61; ed. ~ 0 . 62). 

For the longitudinal study, Table 6 gives the mean FI 

and resting pulse of each of the thletic grou sand of 

the control group at the beginning of the academic year ., 

Analysis of variance revealed no significant difference in 

resting pulse rates between the groups but the mean Fis 

of the rowing and :rugby grouos were significantly higher 

than that of the control group (P< .. 001) . There was no 

significant difference in FI between oars en and rugby 

pl yers . 

Table 7 gives the initial and final readings of Fl 



Tabl 8. =a_n_g.c_s;...::i;:.::n:...::;e:.an=.:.....::r:..;;.;;s;.;t:;.;;:i~n .. q_pi;.ul=.s;.;:e __ r;.;;a;.;:t;.::;;e.;;;.s_o_f:....;o_a_r;.;;;;;;;;_e_n. ,­
rugby players, d controls after period of training 

Gr oup Initi 1 Final Significance 
f Ch ge 

Rowi 24 + 78 . 8- 13. 8 + 71. 5- 9. 2 P<. 01 

Rugby 18 77. 6: 12. 3 + s\) . a- 8. 4 P< . 01 

Control 16 as. 2!10. 4 80 . •10. 2 P<. 05 
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for the members of each group who were re-examined at the 

end of the training period. There w s a highly significant 

improvement in both the athletic groups but no significant 

change in t e controls. Table 8 gives the corresponding 

results for the resting pulse . At the beginning of the 

investig tion there was no significant difference in mean 

resting pulse rate between the three groups but all groups 

showed a significant reduction at the second set of tests . 

the fall being greater in the thletic gr oups . By ~e end 

of the investigation the mean resting pulse rates of the 

athletic groups were significantly lower than those · of the 

controls (P< .001). 

Discussion -----
The higher FI of the PE students in the first investiga­

tion has already been discussed (Chapter 6) . The lower 

mean resting pulse and lower absolute pulse increase in 

this group have been noted . This investigation did not 

show 1hether the slower resting pulse rates of the 

athlatic group were due to individuals with slow pulses 

choosing physical education as a career or to the effect 

of their physical training; both factors could be 

involved and their relative importance was studied in the 

next investigation. The lower absolute pulse increase of 
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the PE ·students performing the same test as the controls 

shows their greater efficiency; probably better muscle 

coordination puts less load on the heart and the trained 

heart , hav~ a greater stroke volume, meets its requir ements 

with a less prolonged increase in rate . 

In the investigation of college athletes there was no 

significant difference in FI between the oarsmen and the 

rugby players eithe_r at the beginning or at the end of 

the period of investigation but both these groups had 

consistently higher mean Fis than the control group. It 

may be assumed that individuals proposing to eompet:e for 

places in University teams take steps to achieve a high 

standard o·f fitness before the start of the academic year, 

but their resting pulse rates prior to training were not 

sig:tificantly lower than than those of the control group. 

After training the Fis ·were significantly higher than 

before in each of the athletic groups but not in the 

controls; this suggests that the change was due to the 

training since the academic and social background of the 

athletic and control groups was in other respects comparable . 

The similarity of response of the two athletic groups 

supports the contention that the Harvard step test is a 

valid test of fitness for strenuous effort . The training 
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of the rowing and rugby clubs was dissimilar except that, 

in both training schedules. the circulatory anti respiratory 

systems were subjected to prolonged stress; the effects 

of training on Fir however.,. were very similar in the two 

groups. From this observation it may be concluded that the 

Harvard ster, test does not merely measure tl1e individual's 

ability to perform the Harv~rd step test but has a wider 

significance as a measure of dynamic fitness. 

Tha fall in mean resting pulse rate with exercise in 

eaei~ of the athletic groups during the training period was 

highly significant but a significant fall occurred also 

in the control group. The high resting pulse rates 

before the first attempt may have been due to a.nprehension 

since none of the subjects had previous experience of the 

te~t . Again. a change in environmental temperature may 

have been involved# since the initial testo were held 

during the hot months of February and Mareh and the final 

tests during the cooler month of June. but this factor is 

probably unimportant since the tests were erformed in a 

laboratory sheltered from direct sunshine. The fact that 

resting pulse rates of the athletic groups were signifi­

cantly slorer at the end of the training period than those 

of the controls supports the view that strenuous physical 



training slows the resting pulse rate. 

Summa!I 

9 

The muc better performance of the Harvard step test 

by st dents of phynioal education than by other students, 

noted in Ch pter 61 is evidence of the effect of system­

atic physical training on physical fitne"'s . 

In a longitudinal study. oarsmen, rugby players, and 

other, more sedentary, male students pe:rfor ed the Harvard 

step test t the ·beginning and end of 2-4 month period, 

during hich the athletes were training for their 

respective sports . The athletes had much higher Fis than 

the controls at the beginning of the investigation and 

treir Fis showed a highly significant increase with training~ 

whereas the Fis of the controls did not change significantly . 

Physical education students had a lower ean resting 

pulse rate than others and a lower absolute ulse increase 

with the standard work of the Harvard step test . At the 

start of the longitudinal study there was no significant 

difference in resting pulse rate between athletes and 

non-athletes but, after training, the resting ulse rates 

of- the athlotes were much lower than those of the controls • 

.. 
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Chapter 8 

I~f~uenoe of anthropometric parameters on the 

physical fitness of young women 

During the past 8 years I have subjected numerous groups 

of young women to a modified Harvard step test . In 1964 

4 such groups performed also a modified MHPER test 

battery so that other aspects of fitness tl1an endura.nce 

cpuld be testef:l and any correlation between fitness index 

(FI) and the A+f\HPER criterion could be ascertained. 

In general the sa111e tests« sometimes with minor 

modifications# are suitable for women as for men" but dif­

ferent standards must be applied. The athletic performance 

of women is usually 10- 301r below that · of men. p resumably 

because of the ,J.ower proportion of muscle in the female 

body (N8cker f!/ B3hlau, 1956). The athletic performance of 

trained women, however, equals or surpasses that of 

untrained men (Noack, 1954; Amateur Athletic Union, 1955) 

and, with the cu-rent secular improvement in athletic 

performances. some leading women athletes today outclass 

the leading men athletes of a feu years ago (Jokl. 1964; 

Jold et al . ,. 1964} . Sports injuries, however, are commoner 

in women (Klaus, 1964} . 
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The mechanical efficiency of men and of women is very 

similar both on a step test and on a bicycle ergometer 

(Ryhming, 1954) but .women usually have a faster pulse 

rate at rest (Hambly et al . 1 1922) and after exercise 

(Hoack, 1954; N5oker & B8hlau, 1956; Brouha & Harrington., 

1957; McDonald, 1959; Brouha Radford, 1960) . The 

pulse rate after exercise takes longer to return to the 

resting level. in women than in men (Brouha Harrington# 

1957; Rettinger & Rodahl,, 1960; Brouha & Radford •. 1960} . 

The maximum cardiac ·output (
0
strand et al .. ., 1964) and 

the maximum oxygen intake (Nt5cker & B6hlau, 1956; Hollman. 

1963 , 1964} are usually lower in vomen than in men . 

M ster and Oppenheimer (1929} held that taller women 

have greater exercise tolerance but Cullumbine et al. 

( 195()) found no significant correlation betw-een FI and 

either height or weight .. Obese women, tested on a bicycle 

ergometer, have a lower mechanical efficiency {Wang et al., 

1930a; !strand et al . 1 1960b) and less endurance (Wang et 

al .. , 1930b) than lean women. On treadmill tests obese 

women have a higher cardiac output (Alexander , 1964) and 

oxygen consu:mptio~ {Turell et al. ,.. 1964} for the same 

work load. 

Cullumbine et &l.. (1950) found that the mean FI of 
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women on a modified Harvard steo test did not vary sig­

nificantly with different physiques . Perbix (1954), 

applying standard somatotyping and 4 tests of motor 

fitness to 183 women students, found a significant positive 

correlation between mesomorphy and strength or m1er and 

a significant negative correlation between endomorphy 

and strength or agility. 

Antprf>pomet!l: 

The same criteria for assessment of somatotypes were 

employed in this investigation as in the investigation of 

men (Chapter 6) , the series being divi~ed into 3 more or 

less equal groups on the basis of relative ectomorphy, 

mesomotphy, or endomorphy. 

Body fat was estimated from two skinfolds by the formula 

of Sloan et al. {1962) as follows: 

SG = 1 . 0764 .- 0 . 00081~ - 0 . 00088B 

A = vertical skin fold (mm . ) over the right 

iliac crest in the mid xill~ry line 

B :: vertical skinfold (mm. ) on the back of 

the dght ana midway between cromion 

and oleeranon processes . 

From the specific gravity (SG) the proportion of fat 

(by_ wej_ght ) in the body was calculated as for men 



94 

(Chapter 6) by the formula of Keys and Brozek (l9r.3) . 

Tests of fitness 

The subjects of my first investigation on w men (1958-59) 

performed a modified Harvard ctep test in hie the step 

was 18 inches high instead oft e 20 inche ad nted for 

men (Chapter 3) . The subjects wore leot rds or shorts and 

· tennis shoes., and the FI was calculated . from 3 half- rainute 

post-exercise pulse counts .. 

For the second investigation (1964} t e height of the 

otcp was rer1uced to 17 inches. at whicl l evel the Fis 

of ,onen perfonn:ng the test are very si jlar to those of 

comparable groups of men using a 20-inch step (Sloan, 1959) . 

The subjects of this investigation performed 1 o the 

JU\HPER test battery 1 i th two mo ifications ,. viz.: straddle 

chinring was substituted for modified ull-ups and timed 

sit- ups for the original untim.ed test with an arbitrary 

maY..imum of 50 sit-ups {Chapter 5) . A composite criterion 

of fitness was derived from the results of the 7 J.lJ\fIPER 

tents as for young men (Chapter 6) . 

Subjects and methods of investigatioD 

For the first investigation r.6 ~•/hi te ·worn.en students 

performed the modifiec Harvard step test . Sixteen were 
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students of medicine and 15 students of physiotherapy at 

the University of Cape Tm-m, and 25 were stadents of 

physical education (PE) at Cape Town Training College. 

Host of the physiotherapy students studying physiology in 

1958 and the 2nd year women medical students in 1959 were 

tested and all the physical education students in 1958 and 

1959 . Their ages rang-ed from 17 to 21 years and all were 

medically :fit. The heights. weights. and F!s of the 

medical and physiotherapy students (taken as one group} 

were comp""'red with the same parameters for the PE students. 

Correlation coefficients ~ere cclculatcd between FI and 

height and FI and weight for the series as a whole . 

For the second investigation 68 wonen students performed 

the modified Harvard step test (17-inch bench) and the 

modified AAHPER test battery ( vide supra} , Thirty-seven 

uere \~1ite students at Cape Town Training College (13 PE 

and 24 controls) and 31 were Coloured students at Wesley 

Tr ining College (7 PE and 24 controls) . All the PE 

~tuoents at both colleges were tested and enough randomly 

selected other students to constitute control groups •. 

Their ages ranged from 16 to 21 years and all were medicall y 

fit. Height and weight were measured and the RPI calcula­

ted . Body fat was estimated from skinfold measurements. 



Table 11. Signific c of differ nces in anthrop etric 

Pr t r 
or 

t st score 

Height 

eight 

RPI 

at 

RFI 

Pull- up 

Sit- ups 

Shuttle 

J p 

5 yard 

Softball 

600-y 

Criterion 

par- eters and fitness tests on 

White 

PE v. Con . 

-
PE>Con. 

(P<. OS) 

-

PE>Con . 
(P<. 001) 

-
P >Con. 

(P<. 01) 

PE)Con. 
(P<. 001) 

PE)Con. 
(P<.001) 

PE>Con. 
(P<. 001) 

PE>Con. 
(P<.001) 

P )Con . 
(P<.001) 

PE>Con. 
(P<.001) 

Coloured 

PE v . Con. 

-
• 

-
-

PE<Con . 
(P<. 05) 

PE>Co • 
(P<. 001) 

-
PE>Con . 

(P<. 001} 

PE>Con. 
(P< . 05) 

PE>Co • 
(P<. 05) 

PE>Con. 
(P<. 001) 

PE>Con. 
(P<-.001.) 

PE 

v .. C 

)C 
(P< . 001) 

)C 
( (. 01) 

-
-
-

>C 
(P<. 05) 

-
)C 
(P<. 05) 

-
.. 

-
-

Con . 

T . C 

)C 
(P<. 01) 

)C 
(P<. 01) 

)C 
(P<. OS) 

-
-
-
-

<C 
(P<. 05) 

-
<C 
(P<. 05) 

PE • Physical educ tion students; Con . • Control 
• · t ; C • Coloured 

In the tests A> indic tea better perfo ce by 
A, i . e . a shorter tie for the runs or a higher score for 
the other tests . 



Tabl 10.. Anthrop otr,ic par eters and results 
of f~tness ,t st~ on 68 zoun9 io en 

Pr eter ite students Coloured student 
or 

Tost core PE Control PE Control 

13 24 7 24 
Height + 166. 2- .s + 164. 8- . 1 

• + 
lSS. 9- . 4 + 1s9.o ... s.a 

eight + 62.s- s.a + 58. 7- .o + 54 . 3- 6. 6 + 51. 1- 6.1 
RPI + 41. 9- 1.1 + 42. 3- 1. 6 + 42 . 0- 1.0 + 43. 2. 1 
Ft + 21. 1- 3. 4 + 21. 3- 4. 1 + 20 . 0- 2. 4 + 19. 0- 3. 8 
RFI ... 

73 . 9 . 2 + 57. 1- 15. 7 + 74. 7- 6. 8 60. 9- 20. 5 
AAHPER: 
Pull- up + 29 . 9- 13. l 24. 3- 11. 6 19 . 6! 7. 5 • 28 . 1- 10. 6 
Sit- + 19. 6- 4. 0 • + s 25. 9- 5. 9 2s.3- 1.s 18. 5- 4. l 
Sh ttl + 10. 0- o.s + 10. a- 0 . 1 + 10 .. 4- 0 . 4 + 10. 6- 0 . 7 
J 

.. + .. + + p s1.o- s.9 65 . 8- 8. 7 79. 9- 7. 1 10. 1- 4. 1 
50..-yard + 7. 5- 0 . 8 + 8. 6- 0. 1 + 7. 7- 0 . 6 + 8. 2- o.s 
Softh 1 105. 1! 2s . ... 

67. 7- 12. 6 + 115. 24. 5 89~5- 14. 1 
600- y + 135. 1- a.1 .. 

172. 9- 24. 9 + 131. l - 6 . 4 + 163 . 3- 18. 3 

Crit rion 
... 

63 . 6- 11. 9 + 41 . 6-10. 0 + 59 . 9- 1. 0 + 47 . 7- 7 . 6 

In th t es in i chapt r, 
RPI • oiproc l pon ral index 

I • r id fitness index ( odified H rv "'tep te t) 
Ft• p rcent by weight off tin the body 

11- ups re str dell chinning 
e ts of AAHPER t ts re r scores s scribed in 

t xt; criterion is derived fr sum of T-scor for 
ach test s described in te • 



Par 

Table 9. Height, eight, and fitness index 
of 56 young en 

·cal & y ic l ignific 
eter ysiotherapy cati of 

ce 

Student Student Differ ce 

31 25 

Hight + 164. 6- 6. 77 + 163. 9- 4 . 41 

' ight + 59 . ~ 6. 92 + 59. 6- 7. 93 

FI + 56. 4- 17. 20 + 75 . 2- 10. 91 

In the tables in this ch pter: 

• n r of subjects 

-
-

<PE (P<.001) 

FI• fitn s index on modifie Harv rd tep test 
H ight is easur in c timet res and i i · t in kilogr 
• + x-y represents ean - otandard evi tion 

- in ·ct s no signific t differenc 
./ 
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Physic 1 fitness was assessed by the modified arvard 

steu test and t e modified AA.F!PER test b ttery . 

Results 

The re lts of the first investigation on women are 

given in T thle • There was no significant difference 

in eig t or weight between t e two grou s ut the PE 

students ad a much igher mean FI . Int e series as a 

u ole t.ere was a low but significant ositive correlation 

between an eight (r= . 32; P< . 05) an betreen FI and 

weig1t (re . 28; <. OS) . xcluding from th series one 

exception lly eavy young woman {92 . 5 g . } rit a 1igh 

I (93) the correlation of FI with weig t failed to reach 
' ' 

significrnce .. 

·~ e results of the secon investigatio are sho'Wn in 

Table 10 an t e signif 'c ce of difference between the 

groups in Table 11 .. As int e corresponr'ing ·nvestigation 

on en (Chapter 6) the t les arc based on raw scores so 

a loTer score forte runs indicates a better performance. 

n-tite students c1ere signifio~ntly taller an heavier than 

Coloured students and Jhi te PE stu ents hea · er than i te 

controls . i te controls .l more body fat than Coloured 

controls. There was no significant raci·l ifference in 

RFI but , in the White group only the PE students had a 

significantly higher mean RFI than the controls. On the 



Table 12. Correlations of individu 1 AAHPER te t 
results ith AAHPER criterion and ith 

RFI in 68 young 

Te t Correlation Correl tion 
,i th crite rion with I 

AAHP R criter ion - . 616 

11- ups . 516 . 275 

Sit- ups . 693 . 409 

uttle run . 787 . sos 
Bro j •. 861 . 533 

SO-ya d sh . 853 . 512 

Sof tb 11 thr o . 729 . 352 

60 y rd J"U.."\ . 823 . 670 
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.P.!JIPER tests cf 'White students the PE group was s ignifi­

cantly superior to the controls in eve-r:y test except the 

ptll ... ups (straddle chinning) and in the total criterion. 

Coloured PE students were significa tly superior to their 

controls in every test except the shuttle run and in the 

total criterion . In the inter-racial coillpariscn of PE 

students the \v1dte women were superior at pull-ups 

{~tr ddle chinning) and shuttle run; in the inter- racial 

comparison of tle control students the Coloured women 

were superior · 1 the standing broad jump# -'.:he softball: 

lhrou, w-i. :t t 1e total cri tori on . The T-scores from hich 

the A1lJ: PER criteria were derived are given in Table A2 
(A "pendix} . 

In the second series as a whole the RFI had no 

significant coxrelation with height hut a low neg~tive 

correlation, ith weight (r=- . 250; P<. 05) and ith body 

f t (r=- . 345; P< ,. 01) -nd a low positive correlation with 

RPI {r= . 249; P< . 05) . The AAHPER criterion had a low 

nego.tive correlation with body fat (r-- . 331; P< . 01 ) . '.llier e 

as fair correlation bet,een RFI and PE criterion 

(r= . 616 ; P< . COl) . Tl e AAIIl''"'R had a highly significant 

correlation (P< . 001) with each of its constituent tests. 

the best being the stRnding broad jump (Table 12) . The 
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RFI had lo er but significant correlations with the 

AAHPER tests. the poorest (P< . OS) being with pull-ups and 

the best (P< . 001) ith the 600-yard run-walk • 
. 

In women the eetomorphs had the highest mean RFI and 

th endo orphs the lowest but the differences were not 

significant. The mean M1IPER criterion was slightly higher 

for esomorphs than for ectomorphs , both of which were 

higher than endomorphs but none of the differences was 

significant. 

Discussion 

Both these investigations demonstrate the greater 

physical fitness of PE than of other women students .. The 

teller subjects showed little superiority t the Harvard 

step test and none at the AAHPER tests, although the more 

ectomorphic (high RPI) achieved a higher AAHPER criterion. 

Weight was not an important factor but a high proportion 

of body fat proved handicap both in the Harvard step 

test and in the AAHPER tests, as others have found it in 

tests with bicycle ergometer or treadmill (vide supra) . 

The high correlation between AAHPER criterion and 

each of its individual tests shows# as in men, that this 

is a well-balanced test battery. '!he highly significant 

correlation between AAHPER criterion and RFI in women, is 
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easier to understand than the vexy poor correlation in 

men. since both parameters are measures of physical 

fitness. In women. as in men, the RFI. which is an 

endurance test. had a higher correlation with the .MHPER 

endurance test (600-yard run-walk) than with the total 

cri ~erion1 and its lowest correlation was with the test 

of arm strengt.h (pull-ups). 

Although the White women were taller and heavier than 

the Coloured there was no consistent difference in 

performance between the two racial groups# the \ifuite PE 

students showing slight superiority in tests of strength 

and agility and the Coloured control students some 

superiority in tests of power and coordination and in the 

total criterion. These results suggest that the differences 

are sociological rather than physiological# the White PE . 

course being more strenuous than the Coloured and the 

Coloured control students more physically active than the 

ihite control students. 

'Die proportion of fat in the bodies of these young 

women was 20.321, for the series as a whole. which is very 

close to the figures of 20. 061, for young women in North 

Carolina reported by Sloan et al. (1962} and 20 . 31, for 

young omen in Stockholm ( on Debeln# 1956). Young et al . 
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(1961) gave higher figures (eorresponding to a mean of 24 . 91' 

by the Keys-Brozek formula) for young American women at 

Cornell University . 

The lack of significant correlation betweens atotypes 

and the results of the fitness tests. in spite of the 

negative correlation established between obesity and 

fitness. indicates that body shape_ except in so far as it 

is influenced by obesity. is not an important factor in 

the physical fitness of ~hese young women . 

Summaq 

The influence of anthropometric parameters on physical 

fitness,. assessed by the modified Harvard step test. was 

studied on 2 series of healthy young women. one of which 

also performe the AAHPER test battery. Height and weight 

were measure-cl in every case . In the second series. which 

included ihite and Coloured groups~ the RPI was calculated 

fro height and weight, body fat was estimated from skinfold 

measurements,, and a rough classification of somatotypes 

was based on RPI artd body fat . 

1.he only parameter which consistently influenced the 

performance of the Harvard step test and of the AAHPER 

test battery was the proportion of body fat . tho more obese 

subjects being less fit . Although the lhite women were 
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muah taller and heavier than the Coloured there was 

little difference in physical fitness bet een the two 

groups. 

Th re was a highly significant correl tion between the 

tvo estim tes of physical fitness (EI or RFI and AAHPER 

criterion),. and between th_e criterion and ach of its 

constituent tests. The highest correlation of RFI with 

an AAHPER test was with the 600-yard ru.n-1alk . 

The body build of the young women, apart from obesity, 

did not significantly influence their performance of the 

te..-.ts. 
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Chapt~r 9 

Influence of physical training on the phzsical fitness 

of young women 

In 1959,. at the request of the Principal of Cape Town 

Training College# l tested the physical fitness of 

different groups of women students at intervals during 

the year, in order to establish nether the physical train• 

ing programmes in i,mich some of them participated produced 

any measurable change in physical fitness . 

After exercise the pulse rate returns to the resting 

level morG quickly in athletic than in non- athletic women 

(Hartwell & Tweedy.,, 1913) and the Fis on a modified Harvard 

step test are higher in physically ctive than in seden­

tary women (Skubic & Hodgkins , 1963) . Salit and Tuttle 

(1944) found that the pulse count 2 minutes after a 

standard exercise was lo er in women who took regular active 

exercise than in others; blood pressure measurements 

failed to distinguish bebr.een the groups. 

The Fis of women are raised by physical training {Hardy 

et al •• 1943; Weld~ 1946) and 2 45-minute peri s of 

outdoor sports per week are sufficient to cause a signifi­

cant increase (Clarke, 1943) . Young omen studied by 
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axfield (1964) showed a reduction in heart rate during 

and after stand rd work as a result of systematic training 

on bicycle exgometer; also their \ ork capacity 

increased. In omen as in men work cap city is incre sed 

by systematic physical training (Hollman, 1963; Holmgren 

et 1., 1960). Mohr (1944) found no consistent change in 

the results of endurance tests after systematic ysical 

training but strength and agility increased. 1cCue (1 63) 

demonstrated increased flexibility in women after 

appropriate exercises. 

The restL~g pulse r ate is slo er in athletic than in 

non• thletic women (Hartwell & Tweedy , 113) and slower 

in fitter wome..~. fitness being assess don a bicycle 

ergometer test (Tuttle & S it , 1945) . 

The traditional ideas that menstru tion is a contra­

indication for physical activity an that strenuous exer­

tion is likely to cause menstrual disturbances have been 

challenged by several investigators . Clow (1932) and 

Ryde (1957) ffirmed t t dysmenorrhoea ean often be 

cured by active exercise . Bausenwein (1954) advised that 

com etitive spot and strenuous tr ining should be avoided 

shortly before and during menstruation but Ingman (1953) 

and Abrahams (1958) f~un~ no evidence of menstrual 
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disturbances arising fr competitive sport . Both 

Ingman (1953) and Bausenwein (1954) reported. that many 

champion female athletes performed b tter during mers:rua­

tion than t other times. 

Tnere is no evidence that competitive sport causes s 

sequent complications of pregnancy or of labour (Nie~ineva, 

l 53; A.~ateur Athletic Union, 1955). 

Subjects and methods 

The subjects of this investigation (Sloan1 1961) were 

6 6 o en students, aged l 7 to 20 years# at Cape Town 

Training College . Of these students, one group in the 

3rd year of training was specializing in physical education ; 

their weekl rogramme included 2i hours of gymnastics, 2 

hours of d""ncing and at least 2 hours of games . A second 

group of 3rd year students was specializing in infant­

school teaching CIST); they spent 40 minutes a ·eek at 

gymnas ics and participation in games was not obligatory . 

The remaining students ere all in their 1st year of 

general training; one group had gymnastics for 40 minutes 

each week and obligatory ga.rnes; the other group had 

neither. 

'lhe height and·weight of each subject were measured at 

the beginning of the investigation and a enstrual history 
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was obtained at ea.ch tont to ascertain whether the 

subject was menstrueting or about to menstruate at the 

time.. The modified Harvard step test with an 18-inch 

step, was employed and the subjects were dressed in light 

gymnastic costume and tennis shoes. The tests 1'.rere pe r­

formed in an unheated room usually between 9 a.m. and 
12. 30 p . m_., and room temperatures ere recorded., The first 

set of tests was performed at the beginning of the 

scholastic year, in January and February. and the tests 

rere repeated 4 months and 9 months later. All the PE 

students performed the 3 tests.. Three IST students and 

2 others were absent from the 2nd and 3rd tests . so have 

not been included in the series. 

In addition to the Fl the resting palse rate was deter• 

mined, usually between 2 and S p .m. To avoid the effect 

of excitement in antieipation of the test , or any residual 

effect of exercise, the resting pulse was counted either 

several hours after the test or on a different day . The 

subjects were seated and relaxed for at least 5 minutes 

before the resting pulse was counted and the pulse rate per 

minute as calculated from 3 half-minute readings taken 

at half.minute intervals • . 



Table 13. Changes in fitness index of 61 en students 
gurinq the ac demic year 

Group o . 1st test 2nd test 3rd test 

Phy~ic 1 educ tion 13 • 61 . 2- 15 . 5 + 7 .o.;-11. 1 + 76 . a.;. 4 . 7 

school 
. + + .. Infant 16 4 . 8-18.4 48 . 2- 18. 2 48 . 1-19 . 3 

Gen r 1 course : · 

ith gym.nasties 19 + 51 . 1-17. 9 + 53 . 8-18. 4 + 52. - 18. 5 

ithout gymnastics 13 + 41 . 1- 18. 3 + 37. 9- 17 . 8 + 36. 6- 12. 7 

In the t ble in thi ch pter: 
+ + x-y repre ents ean - st d rd eviation 
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Results 

There rs n<'.> significant difference in height o:r weight 

between the groups and no correl tion as found between 

FI and height or eig t _ e oe tin the caee of !ST students. 

where the heavier subjects id le$s well . Int is group 

there s a ider anatomical r nge of size an shape than 

in the other groups . In he series as a whole there was 

pr ctieally no difference between the average performance 

of those who were menstr1ating t the time d t ose who 

rent~ the mean Fis bing 49. 8 an so. respectively. 

Roa temper tu.res dur~ng the first et of testE varied 

betw en 19 and 24°c. exce ton one very hot day {29. 58c) 

when the PE students were being tested. Th second tests 

ere carried out during the cools ason at temperatures of 

l4 . S-16. S0c and the third tests t 18 . 5-2 . 5°C . 

Table 1 shows the mean fitness index of e~c group at 

e ch test.. The students who t· ere abo t to speci lize i ·n 

PE d higher FI th n t e !ST students (P<.05) .or the 

ge e r 1 course studonts ho did not pro ose to do 

gymnastics (P<. 01) . There as no significant difference 

hetwe n the Fis of t e other groups . At the second tests 

the PE students had lig1er fitness indices than at the 

first tests (P<. 001): this improvement as maint ined 



Table 14. Changes in resting pulse r t of 61 women 
students during the cad · c year 

Group o . 1st test 2nd t t 3r t t 

Physi cal educ t ion 13 • 88. 7- 9 . S + 73. 8- 1. 1 • so. 6- 10. 0 

Infant chool 16 + so.s- 9. 6 + 86 . 7- 4. 3 + 86. 7- 15 . 7 

General cours • • 

ith gymn sties 19 
... 79. 6 ... 8. 7 + 86. 8- 12 . 4 + 78. 9- 8, 6 

· ithout sties 13 + 89. ~ll . O + 87. 7- 9, 2 + 82 , 3- 8 , 6 
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without further significant change at the t 'r t sts . 

Although no significant change in FI occurr in any other 

group, t the secon test t ere w s a significant 

difference in FI bet een t e general course students who 

did gymnastics and tho e who did not ( <.05); this difference 

was m intained t the thir t sts. 

Table 14 summarizes the re ting ulse rates t each stage 

of the investigation. At first the me resting pulse 

r tes of PE and of gener 1 course students who id not 

propose to o gymn sties were s ignific ntly higher than , 

those of the other 2 groups (P<. 05). The ean resting pt1lse 

rate of the PE students fell during t e first 4 mont~s 

(P<. 001) but rose again dur'ng the en uing 5 ~onths 

(P(.05). The 1ST and gener l course studen s doihg gymnas­

tics showed significant increase in resting pulse at the 

end of 4 months (P<.01 ).,, which w s maintained by the IST 

but not by the other students.. · e tudents doing no 

gymn sties s owed a significant fall in pulse rate over 

9 month {P< . 05). 

t the first set of tests there as no correl tion between 

FI and resting pul~e.. At the second tests~ lthough no 

individu 1 group shoved such correlation, in the , ole 

series a high FI was associ ted ith lm re ting pulse 
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{P<0. 05) . 

tests . 

Discu sion 

is correlation no longer held at the third 

e lack of correl tion be een fitn ... s indices and 

height or we ght in this investigation grees ith previous 

observat · ons on men (Cha_ ter 6) nd "i th s e revious 

observations on women (Chapter 8). e absence of any 

adverse effect of menstruation on the e: rform nee of 

strenuous p_ysic 1 work is to bee 

opinion on this topic. 

ct in view of modern 

It is not su rising t t the students who intend to 

make ysic l eduction their c r er "'hould h v- igher 

Fis t an the others; presumably t ey are more hysically 

active. The highly significant incr in FI of these 

students during the ye r is evidence of the efficacy of 

thei::r strenuous pr<YJr e of ysie 1 t in ' ng, ince no 

such change occurs in any ot er grou • Even the much less 

strenuous gymnastic programme oft e gene~ 1 cure, how-

ever. seems to have om hen fici 1 effect . general 

course students Tho did gymnastics ·1ere significantly 

fitter fter 4 mont st an those -mo di not• , t e latter 

sho~ed a steady though not significant f 11 in FI. This 

sugge"'ts that t least a cert in ini um amount of regular 

physical training is advisable to counteract the tendency 
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to physical deterioration of the more sedent ry students . 

The PE students had unexpectedly high resting pulse 

rates t the beginning of the investig tion. Since these 

were recorded on an except'onally hot day they may have 

been influenced by the environmental temperature . The 

resting pulse :rates of these students were lower after a 

period of training but rose again while the training was 

still in rogress. No comparable changes occurred in 

othar groups, and the student doing no gymnastics showed 

a stea y fall in resting pulse rate during the period of 

investigation. It may be that the effect of a little 

physical activity is to increase the resting pulse rate* 

presumabl y by stimulating metabolis, ereas greater 

activity reduces it again by a eompens tory increase in 

cardiac efficiency. This hypothe is would e 1 in all the 

observations except the final rise in ulse rate of the 

PE students .. 

The laek of correlation between FI and resting ulse 

rate is surprising. One would expect a slow resting pulse 

to be associated with a slow post- exercise pulse but the 

resting pulse is influenced. by so many extraneous factors, 

not connected ith muscular activity, that it is much 

less reliable measure of physical fitness than is the 



Harvard st p test . 

~tunmary 
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To ascertain the effect of physical training on young 

women. 4 groups were subjected to a recd.if ied I arvar d step 

test -t the beginning of the aca.demic year and again 4 and 

9 months later. One gr oup. specializing in ptysical 

education, had a very active programme of gyt,nastics# 

danc::ing1 and games; two other groups had a much less 

active programme; a fourth group had no regt·lar physical 

t r aining . In t.he series as a whole there was no correlation 

between Fl and either height or weight and no evidence that 

mcnstru .t ion influenced performance of the test . At the 

beginning of tho investigation the PE students had higher 

Fis than tho others and they improvtKi with training . 

Lesser deg·rees of physical tr ining caused no significant 

increase in FI but counter cted a tendency to deterioration 

observed in the group thrt ad no physical training. 

Changes in the resting pulse ere less ccnsistent and 

rcGting pulse rutes showed little correlation ·ith Fls . 
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Chapter 10 

ComRarison of the phxsical fitness of young adults 

in South Africa, North Carolina, and England 

In comparing the athletic .perfonnance of different 

groups of men or women a major difficulty is the standard~ 

ization of test conditions and of interpretation of 

results . This is the case particularly when ifferent 

national groups are being tested, each in their own country, 

and the only satisfactory solution is for the same investi­

gator or team of investig tors to visit and supervise the 

tests in each of the countries concerned. In 1960 and 

1961 I was fortunate in having the opportunity to test 

the physical fitness of college students in Ca e Town and 

Paarl (Cape Province, South Africa} , Greensboro and 

Chapel Hill (North Carolina, U.S.A. ) and London and Exeter 

(England}. 

P.lth~ugh i nternational comparisons of the physical fit­

ness of champion athletes are made regularly at Olympic 

Games and other events (Cureton . 1951a; Jokl et al ., 1964), 

similar studies on non-athletes are rare . Andersen et al. 

{1960) observed that the maximum oxygen intake (HOl) of 

he 1 thy male Yukon Indians. on a bicycle ·ergometer test. 



112 

was lower than that of either athletic or sedentary 

Scandinavian men; · in te.nns of body eight the MO! of the 

Indians was lower th:in that of the thletic but higher 

than that of the sedentary Scandinavi ns . Hettinger et al . 

(1961) foun the mean mr of group of heal thy but 

untrained American men much lower tan that of comparable 
0 

group of , edes tested by Astran~. 

Subjects and methods of investi9ation 

'Ilte subjects for my international colID:>arison were 114 

healthy w ite men and 122 white omen aged 16- 25 years, 

including physical education(~~) and other students in 

each country {Sloan, 1963) . The PE students, exceot the 

English omen, ere in their t ird year at college but in 

their first ye r of speei lized tr ining s teachers of 

physical education; the English 

stu ents of p ysical education. 

en +ere second-ye r 

11 the non• athletic 

students ere in their second ye r ct college ., There was 

no selection of PE students, the whole cl ss ate ch place 

being tested, but individuals in active training for 

competitive sport were excluded from the control groups . 

Each subject was questioned about orting activities 

and previous medical history, and a menstrual history as 

obtained from each woman to relate the d te of erfo ance 
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of the test to the time in her menstrual cycle.. '!he hei ght 

and weight of eaeh subjeet., wearing light gymnastic 

costume without shoes,., were measured. 

Every attempt was made to standardize the test conditions. 

The tests were perfonned between 8. 30 a ,,_m. and 1 p . m. 

during the cool season of the year1 June in South Africa, 

February in North Carolina., and November in England. In 

South Africa the room was unheated,, with open windows, 

and the range of temperatures was 14- 22°C; in Borth 

Carolina no unheated room was available but ,. with windows 

open, the range of temperature was 1s .. 2s°C; in England 

the women were tested in a heated room with open windows 

(17-19°C) but the men in a very cold gymnasium (9-118C). 

All barometric pressures were within the range 743- 769 mm.Hg . 

bu.t rel tive humidities varied widely. 

Since the performance of an exhausting test depends on 

motivation as well as on physical fitness each group of 

students w s told that the investigation was an internation­

al comparison of fitness and that their performance was a 

matter of national prestige . Each subject was actively 

encouraged to complete the test if he or she show-ed any 
'-. 

sign of failing to do so ., 

The students performed the Harvard step test . dressed in 



Table 15 . 

Subject s. fr C • C olin Engl :d 

PE en 1 16 18 

Control 20 23 22 

PE o en 14 15 21 
Control 28 22 22 

.In the tables in tni s ch - ter: 
p, • ysical education student 



Table 16 . Hight of students in South Afric 1 North 
C and England 

1 2 Signific t Subjects s. fric u .. Carolin EngTand Differ nc s 

PE + + + 2>3 (P< . 001) en 175- 6, 6 182- 8. 0 173- 4. 1 --
2 >1 (P< . 01) - -

Control I en + 181- 6. 8 + 178- 6. 7 • 176- 5. 4 1 ) 3 (P<. 05) 

PE + 164!5 . l + en 166- 6. 8 165- 6. 3 -
Control + 16,t.;.6. S 1s2! s.9 1>3 {P<.05) en 166- 6. 4 

In the tables in this chapter: 

Height i easure in centimetres and weight in kilogr s 
+ + x-y represents ean - stand rd deviation 

- indic tes no significant difference 

Table 17. eig:ht of students in South Africa1 orth 
Carolin and Eng:land 

1 2 3 Significant Subjects s. Afric N. Carolin Eng!and Di fferences 

PE + .. + 2>3 (P<. 001) n 74 , 7- 9. 1 86. 7- 11. 0 ·13 . 2- 5. 3 --
.!>! (P<. 01) 

Control + + + en 70. 9- 7. 8 71 . 2- 9. 7 69 . 8- 8. 3 -
PE + + + en 61 . 9- 10. S 57 . l - 6. 4 60. o;.6. 5 -
Control + + + en 61 . ~ 8. 5 55 . 8- 12. 0 56 . 4- 6. 2 -
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light gymnastic costume and weari!lg rubber-soled canvas 

shoes . The bench was 20 inches high for men and 17 

inches high for women and standard test conditions were 

applied (Chapter 3). As well as the fitness index (FI) 

calculated from 3 post-exer.eise counts, the rapid fi tnes.s 

index (RFI) was calculated from the first post-exercise 

pulse count in each case . 

The curriculum of each college was studied to ascertain 

the number of hours of PE and of compulsory games laid 

down for each group of students and I watched some PE 

classes at each college to get an impression of the 

strenuousness of the course . 

Results 

Table 15 gives the number of subjects in each group and 

Tables 16 and 17 the he.ights and weights of the several 

groups . The male PE students in orth Carolina were 

. taller and heavier than other PE students . The South 

African non-athletic men were taller than the English but 

not significantly taller than the Americans. There was 

no significant difference in weight between the control 

groupsof male students . Within the national groups the 

PE men were heavier than the controls in North Carolina 

(P<.05) and the controls were taller than the PE men in 

South Africa (P< .. 05) . In the women there was no significant 



Table 18. Fitness index of students in South Africa, 
orth Carolin , and England 

1 2 ignific nt Subjects s. J\fric • C roiina Eng!and Differences 

p as.a! 4. 9 + + 
! >.! (P<. 001) en 66 . 16. 6 95. 8- 15. S 
3 >1 (P<.01) --
1 >2 (P<.001) --

Co trol + + + 3>2 (P< . 05) en 64. 2- 15. 6 68 . 3 H> . 9 82. 1- 14. S - -
3>1 (P<. 01) --

PE + + • 3>2 (P<.05) e 67. 1- 12 . 4 57. 2- 18. 6 70. 2- 16. 7 --
Control Wan + 40. 1- 16. 9 + 41 . 4- 17. 6 + 61 . Q.;.16. 0 3>2 (P<. 001) --

3>1 (P<.001) --

able 19. Hours llocated to physic 1 training in 
South l~riean, North Carolinian and 

English curricul 

l 2 3 Subjects s. Afric N. Carolin Eng!and 

PE fi.i: n 10. 25 18. 00 11 . 
Control en nil 2 . 00 nil 

PE en e.oo 6 . 00 . 4. 50 

Control ·o en nil 2 . 00 0 .1s 
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difference in height or weight between the 3 nationalities 

• of PE students . The South African controls were signifi­

cantly taller than the English but not than the Americans; 

the differences in weight were not significant . There 

as no s"ignif icant difference in height or weight between 

any group of female PE students and the corresponding 

control group. 

In tems of FI on the Harvard step test the English PE 

students were the fittest of the national groups of men 

and the South Africans were fitter than the Americans 

(Table 18) . In the male controls too the English were the 

fittest but the difference between Americans and South 

Africans was not significant . English and South African 

male PE students were fitter than the corresponding control 

groups (P<.05; P<.001}; in North Carolina the controls 

had a higher mean FI than the PE students but the difference 

as not significant . In the international comparison of 

women the English PE students ere fitter than the Americans 

but not significantly fitter than the South Africans; of 

the control groups of women the English were the fittest 

and the difference between the South Africans and. Americans 

was not significant . In South Africa and in North Carolina 
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female PE ·students were fitter than the controls (P<.,001; 

P< . 05) but in England the differenee was not significant. 

Neither in any individual group nor in the series as a 

whole was there significant correlation between FI and 

weight . There was no signifieant correlation between FI 

and height in any individual group but _ taking the men 

students as a . whole. there was a low negative eorrelation 

bet een FI and height (r=-. 211; P(. 05) . There was no 

significant correlation be"h,een FI and height in women . 

There was no significant difference in FI be en the 

women who performed the test during a menstrual period or 

within the 2 days prior to menstruation and other women . 

In the whole series the correlation between the FI used 

in this investigation and the RFI was very high {r=: . .,996). 

Ttlble 19 gives the allocation of time to physical training 

(including compulsory games) for each group. More time 

was allotted to physical activity in the curriculum of 

male PE students in North Carolina than in that of any 

other group. The highest alloc tion of physical training 

time for women was in South Africa. In the control groups 

men and omen in South Africa and en in England had no 

physical tr. ining in their curricul • 

• 



117 

Discussion 

Working single-handed with many other commitments it 

was impossible for me to test a large and representative 

cross- section of college students in each nation . Although 

ea-ch of the colleges , here the tests were performed has a 

high reputation in its own community it would be unreasonable 

to interpret my findings as representing systematic 

differences in fitness between South African. American~ and 

English students. The results, however , are of interest, 

and possible explanations will be considered. 

Any influence of environmental factors on the results 

ras inimized by standardiz tion of the test conditions ., 

Since all the tests were performed under conditions to 

which the subjects concerned were accustomed it is ~nlikely 

that environmental factors would have much influence on 

the results. 

Since all the subjee.ts were of European stock, no 

difference in racial aptitude for this form of exertion is 

likely to be involved. 

The significant differences in mean FI of the different 

groups ight be due to differences of bodily habitus • 
. 

Since there is no significant correlation between FI and 

either height or weight in any individual group the 
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negative correlation between FI and height int e men 

in this series may be attributed to the nwnber of tall 

Americans with low Fis . Reedy and Saiger (1954), in the 

United St tes~ found a significantly poorer performance 

of this test in heavier young men . In the present 

investigation the male PE students in North Carolina were 

considerably heavier than their opposite numbers in the 

other countries and it may be that their lo Fis are 

attributable to the extra w,rk done in lifting the extra 

weight teach step. Unfortunately, when this investigation 

was performed, I had not yet acquired the equipment for 

determination of body fat . 

In orth Carolina most male students were performing the 

Harvard step test for the first time. whereas in South 

Africa the male PE students and in England all the male 

students had performed it pre iously . All the female 

students 1ere performing it for the first time . Previous 

investigations on men (Sloan reen. 1959b) and on women 

(Sloan, 1961) showed o improvement in FI as a result of 

previous !Jerfonnance of the test1 although systematic 

practice at it results in significant improvement (Jung, 

1951; Insull et al., 1955; Fletcher, 1958a,b, 1960). 

'llle finding that neither menstruation nor the premenstrual 
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eriod im aired performanc of a severe hysieal test 

sup orts my previous conclusion (Chapter 9) that healthy 

young women are capable of strenuous physical exertion at 

these times. 

The very close agreement between the Fis calcul ted from 

3 ost• exercise pulse counts and the RFis c lculated from 

l. supports the contention that . the standard method may 

s tisfactorily be replaced by the rapid (Ch oter 3}. 

Although a etailed oomparison of method and intensity 

of physical tr ining between different colleges is difficult 

if not i possible it is of interest to comp re the average 

tie devoted to physical training during class hours by 

each group of students . The ti es given in Table 19 are 

those on the timetables* and include, time for changing 

and for instruction. In South Afric and in England circuit 

training (Adamson & organ, 1954; organ & Adamson, 1961 ),, 

which promotes strength and endurance, as an integral 

part of the hysical training programme for male PE 

student and in South Africa suitably modified version 

was use for female PE students., but it w s not used in 

North Carolina. Apart from circuit training the several 

courses covered a wide range of physical activity , with 

emphasis on the national games in each country and on the 

development of agility and str ength in men and of agility 
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and grace in mmen., 

The male PE students in North Carolina, al though devoting 

the most time of any group to physical activity, had lo re r 

Fis than the other PE students . ,Iy impression of their 

training was that it was less strenuous than that in 

South Africa or in England. 'llie fittest control group, 

the English~ had no compulsory physical t r aining but many 

of them used the gymnasium after class hours and most of 

them participated actively in sport. 

The female students with the highest Fis, PE student.s 

in Englana and South Africa and controls in England, had 

more strenuous physical activity in thei r courses than 

female students in North Carolina. The American female 

controls with two periods of not very active physi ccl t r ci n­

ing per week were not significantly fitter than the South 

Africans with none. 

1e fin ding that most. groups of women had l0\1er fitness 

indices than the corresponding groups of men indicates 

that the odi fied test may have to be modified still further 

by reducing the height of the bench below 17 inches or by 

reducing the duration or rate of stepping to obtain 

comparable results in both sexes. Since 1958# when the 

17-inch h.ench for wo..~en was fo d to give results 



121 

corresponding very closely to those of men on a 20-inch 

step (Sloan, 1959), I have observed a orogressive decline 

in the dynamic fi tne.ss of female students in Cape Town, 

whereas that of male students has varied little. No 

explanation of this henomenon# hich has been observed 

also by Milieer and Denisiuk (1964b) in Poland, is 

apparent but it seems that no satisfactory standards for 

the comp ison of men"s and women_.s performance on the 

Harvard step test have yet been established. 

Apart from physic 1 activity in the curriculum the amount 

of ertra-c.ural physical exercise performed b individuals 

v ries so widely th tit is difficult if not impossible 

to ssess. Any difference between groups is likely to be 

due in part to the local attitude to physical activity. 

In the United States. where otor transport has largely 

replaced pedestrianism, even for school children. and where 

both school and colleges rts ttract many more spectators 

than participants. the danger of young men and women 

taking less exercise than the minimum required to maintain 

physieal fitness is particularly great . In South Africa, 

although young men and women alk less than in England, 

many participate in at least one aetive sport . This may 

explain why the South African controls with no compulsory 
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physical activity , were not significantly less fit than 

the Americans with two sessions a week of ~ysical 

training. 

Summarx 

1he Harvard step test was performed by male PE students 

and by other male students in Cape Province (South Africa) , 

Nort Carolina (Unite States of America) and England. A 

modified Harvard step test was performed by corres onding 

groups of women in these places . As far as possible the 

test conditions were made sinilar for all groups . 

_ e .American E students ·rere taller and heavier than 

the others and the South African control men were taller 

tha..'1 the English .. There was no significant difference in 

heigh·t or ,eight beh,reen t e 3 groups of female PE students 

but South African control women ~,ere taller than the 

English. 

The fittest male PE stu ents were the English , and the 

South Africans ·ere fitter tan the Americans. Of the non• 

athletic men., the English were t e fittest and there was 

no significant difference in fitness between South Africans 

and Americans . English female PE students were not 

significantly fitter t1an South Africans but were fitter 

than the ericans . Of the non- athletic women the English 
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were the fittest and there was no sign.ific~t difference 

in fitness between South Africans and Americans . 

Jith one inor exception no significant correlation was 

found between FI and height~ weight , or time devoted to 

organized physical training. Differences in dynamic 

fitness may be partly explained by different degrees of 

physical activit y in the curricular training and by 

different amounts of extra-curricul r physical activity . 

icnstruation did not impair the performance of female 

st~dents on the modified Harvard step test . 

The r apid ethod of calculating fitness index gave 

results almost identical with those obtained from the 

original method. 



PART III 

PHYSICAL FITNESS OF HIGH SCHOOL CHILDREN 



Chapter 11 

Phy:,sical fitness of 

South African high school children 
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The physical fitness tests appropriate for children are 

mentioned in Chapte.rs 2, 3, and 4, and the ,l\AHPER test 

battery, which I have use in most of my investigations on 

school children, is described in detail in Chapter 5. 

ri th children. as with a l ts , different standards must 

be set for male and for female . Before uherty there is 

little or no $ex difference in work capacity as assessed 
t . 

by pulse ratio (Faine & Mathews, 1951), maximum oxygen 

intake (Hol ~, 1963). or athletic performance (McDonald 

1959; E?.pens ade, 1960) but girls are superior at tests 

of flexibility (PHillips et al ., 1955} . At all ages. boys 

are better at jumping and at throwing (McDonald , 1959; 

Espenschade , 1960} . After puberty boys are superior in 

ork capacity (Hettinger Rodahl # 1960; Adams et al •• 1961a, 

b) and at athletic tests (Fowler & Gardner, 1963; Sexton, 

1963) . although trained girls may equal or surpass untrained 

boys of the same age (Jokl , 1963. 1964; Milicer & 

Denisiuk, l964b) .• 
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Although no allowanc need be m de for age in young 

adults of either . sex. age is an important factor in the 

athletic performance of children . Jost observers agree 

that the physical fitness of boys, estim ted by tests of 

speed, strength, and endurance ,. increases rogressively 

up to 18 or 19 years of age {de Jongh et al ., 1942; 

Hunsicker, 1958;. McDonald, 1959; Espcnsc ade,, 1960, 1963; 

Gross & Casciani, 1962; Fowler & Gardner., 1963; University, 

1963; l•iellerowicz, 1 ~64) . but K:arvonen (1964) found no 

age trend with a step test, squat jumps, or forehead-knee 

to1 ches andCullumbine et al . (1950), usi~g a mo ified 

Harvard step test, described a decline in the fitness index 

of boys at the age of 13 followed by a rise starting t 17. 

Th re is fairly general agreement that the athletic 

performance of girls improves with age up to puberty, after 

ich there is either no further improvement (Hunsicker, 

1958; Espenschade. 1960. 1963; Gross & Casciani, 1962) 

or deterioration, especially in endurance (Cluver et al •• 

1942; de Jongh et al ., 1942; Cullumbine et al., 1950; 
• Astrand, 1956; McDonald., 1959; University. 1963; Jokl , 

196 ). Strength. as estimated by shot- put (de Jongh et al .,. 

1942} and standing broad jump (Burley et al . , 1961) show 

progressive improvement with age in both sexes and· highly 
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trained girl athletes do not deteriorte. as do other girls. 

at the other tests (Skubic & odg ins, 196~). The 

deterioration in physical performance of girls fter 

puberty may be due to lack of interest an motivation 

rather than to physical disability ( cDon ld, 1 5; 

Espenschade, 1960) . From analysis of R test results 

in more than 13,000 American children, Gross an Casciani 

(1962) concluded that senior high school boys . senior high 

school girls , junior igh sc col boys and junior high 

sclool girls may each be regar ed as ~omogeneons group 

with respect to the effect of age on performance of the 

tests. 

Although mesomorphs are stronger than ectomorp s of the 

same .age (Espenschade, 1960) there is in general little 

or no correlation behreen som.atotype an the results of 

fitness tests on children (Burley et al • ., 1961). The 

physical fitness of children is not significantly_ related 

to either height or weight (Gallagher Brouha. 1943c; 

Hettinger & Rod.ah.1 4 1960; Gross & Casciani, 1962; 

Espenschade1 196:3) but obesity is a handicap ( ookw~lter, 

1952; lilicer & Denisiuk, 1964a). Age alone is a better 

basis for establishing test norms than is a combination of 

age. height, and weight (Espenschade, 1963). 
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Inter-racial studies of the physical fitness of children 

have been reported fro South fric, t e United states of 

J\merica1 an Ceylon . Cluver et al .. (1942) apnlied 3 tests 

{1 0- y rd run, 600-y rd run~ and 12-lb. sot-put) to 

9., 214 out African children , classified as uropean., 

Bantu., anc Asiatic . Up to puberty t e antu oys and girls 

were superior to the other groups , except at the shot- put, 

where European oys were better t an Ban tu oys . After 

puberty the European ys le in 11 t e tests an 

European girls were better tan other girls t t e 100-yard 

run . Asian children (C inese and Indian) were t e poorest 

at all the tests . Botha et al . (194 ) ., applying these tests 

to 1 ,: 542 Europea"'l and Bantu c ildren, foun that Bantu 

children performed better at t e runs , ins ite of high 

incidence of malnutrition an par sitic infestation, 

uhereas European c ildren were better at the shot- put, 

perfo~ance of hich wa~ related to ocy wei t .. Ap lying 

t1e Kraus-·eber tests to 2. 626, ite and an.tu children , 

S. it {1961) found greater flexibility int e Bantu. 

Rodahl et al . (1961), in hiladel ia, found no signifi-

cant difference in ·rork ca aci ty between ite and non-

White children . Cullumbine et al . (1949c) in Ceylon, 

found rac'ial differences in performance of fitness tests, 
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hich could be attribute 

nutrition 1 circlllllstances. 

o different economic and 

The ysical fitness of boys nd girls improves 

significantly with system tic physical training (Parfz­

-owa et al . , 1962; Hollman, 1963; Jokl~ 1963; !Cnuttgen 

& St endahl , 1963; Sexton , 1963; Fabricius, 1964; 
. 

Jacobziner. 1964; ilicer & Denisiuk, 1964b) . The physical 

fitness of high school pupils is related to the quality of 

the physical education programI!le at their schools 

(Rosenstein . 1963; Rosenstein rost . 1964) and, in the 

ca~e of girls,., to their participation in extra-curricular 

physical activity ( Damez ct al ., 19 26; Kam.meyer , 1956 ) • 

Faine an . athews (1951) reported a lower standard of 

physical fitness in more intelligent c ildren. whereas 

Clarke {1958) found a hig er sc olastic performance in 

the more physically fit. Shaw and Cordts ( 1960) r in a 

review of this problem. conclude that no significant cor­

relation has been estahlishea between mental and p1ysical 

fitness . 

Subjects & d met 1ods of investigation 

l.e subjects of my first investigation on school 

children were ·more than 6., 00 boys and girls at 15 high 

schools in or near Cape Town .. These schools serve upper., 
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middle, and lower income groups of the White and of the 

Coloured communities. and t e only B tu high school in 

Cape To is included . The ' Coloured' oils are mostly 

of ixed Ero ean and rican ~t ck but include a small 

pr ortion of sians, o tly l y or Indis.n. At each 

school eve upil, ow not exemoted on edical grounds 

fr y ic 1 activity. was subjected to the tests . 

An lysis s li ited tote age groups 12 ... 18 and any 

ine lete records ere rejected, leaving 5,962 subjects 

in 11. 

The tests perfonned ere those of the original AAHPER 

test battery (Chapter 5). t e c sc ool I expl ined the 

tests tote physic! eduction t ff to the pupils 

n ersonally sup0 rvised m of the tests to ensure 

uniformity of scoring. Sex, e, ei ht, eight were 

recored for eao pnpil , · s ell as t core for each of 

the 7 t sts. ge was taken sage in year at last birth­

day . e ght s me sured tote ne rest lf-inoh and 

weig t tote nearest oound. acial segr tion in the 

sc ools f cilit ted inter- r~cial c Peri on. The per• 

fonnance oft e sever 1 tests y South frio boys and 

girls of all races wcs l tr compared ith the erformance 

of British and Anleric c ildren at the e tests (Chapter 

12). 
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In l ter inve tig tion on South African sc ool children 

I tested 393 . i te and Colour . bo nd gir s in a more 

re trict age•grou (15-17 ye rs}. The schools 

rtici ating were Rondeb sch Boys ' High chool and 

Rustenburg Girls' B"gh Seh ol ( ite) m Alex der Sinton 

Seco dary School (Co-edue tion 1, Coloured). The AAHPER 

te t b ttery as modified, s de~eribe in Ch ter · S, by 

substituting str ddle chinning for the or qin 1 _ odified 

ull-ups for girls, and by ubstitutinq for the original 

limited number of ull-ups, the . i m n mber hich could 

be erformed in 1 minute. T-scores re deri ed for each 

t .e t for boys (Table ) f9r girls (T le 4) so that 

c posite criterion of fitne s could be c lcul ted. Each 

pu,.il lso perfonned a mo ified arva ste test . the bench 

being 18 inches 1i fr boys n 16 inc s i h for girls 

(Ch 9ter 3), and the rapid fitness in x { I) 1 s 

calcul ted. or .. ite for Coloure boys and for White 

r for Coloured girls t e correl tion ebieen PER 

crl t rion and RFI ms c lculate • For t e series as a 

whole~ correlation coefficients rere c lcul ted tween the 

AAHPER criterion· and the individual tests nd between the 

RFI an the 

esults 

R criterion in ivi u 1 tests . 

Figures 10 and 11 show the mean height' and weight ., and 
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Figures 12-18 the mean scores on the several AAHPER tests, 

of White, Coloured, and African boys and girls in each 

age-group studied in the first investig tion. The tables 

giving the statistical significance of the differences, 

since they are rather voluminous, are relegated to 

Appendix A (Tables A5~Al3) . 

White and African boys showed progressive increase 

in height up to the age of 18 and Coloured boys up to the 

age of 17. Coloured girls ce sed to gain height at 16 

and White and African girl$ at 17 (Fig . 10). In each age­

group and each eex White children were the tallest, There 

was no consistent difference in height between African and 
Coloured children (Table AS). 

Boys and girls of all l.'aces gained weight up to the age 
of 18 (Fig. 11 ) . White boys were heavier than Coloured or 

African boys and there was little difference between 

Coloured and African (Table AS). White girls were heavier 

than Coloured at every age but African girls, gaining 

weight -r pidly froni the age of 14, were signifieantly 

heavier than Coloured but not than White* in the older age• 

groups . 

At pull-ups (Fig. 12, 'l'able A7) White and-Coloured boys 
improved progressively up to the age of 17 whereas African 
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boys deterior~te after 16 . From 15 years of age the 

African boys 1ere poorest at t 1is test . The r1odified pull­

u for girls (,ith an r itrary aximum score of 40 ) showed 

no signific-nt ge trend in any racial group and no 

significant ifference between t e races . 

At sit-ups (Fig. 13, Table AB} . a tendency to improve 

with "'ge t-m.s obvious only for , lite boys , who ,1ere better 

than Colourc boys , , o in turn were better t an African. 

ite an frican girls tende to eteriorate at t his test 

in the older age roups but Coloured g1r~s showe some 

improvement fter the age of 16 . In most age- groups White 

girls were superior to Coloured, and Coloured were superior 

to African . 

1 ite ~nd Coloured boys improved progressively and 

Africans irregularly ·ith age at the shuttle run (Fig. 14, 

Table } • i te boys were better t an Coloured and 

African in most age- groups and there as no signif icant 

difference bet ,een Coloured and African . The girls '' 

performance tended to deteriorate with age. Coloured girls 

were superior to White and White girls superior to African 

in most ago gr ups . 

'!he performance of boys at the standing broad jump 

showed progressive improvement with age. except fo r the 
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highest age - roup of Coloure~ boys (Fig. 15~ Table AlO) . 

White boys were superior to Coloured and African , and 
. 

Coloured boys to African in most age roups. Girls showed 

no. consistent age trend at this test . Coloured girls had 

the high~st scores and White girls were better than African . 

At the 50-...yard dash White and Coloured boys improved 

progressively with age but African boys deteriorated after 

the age of 16 (Fig~ 16, Table All) ; . At -most ages White 

boys 1ere superior to both other racial groups and 

Coloured ere superior to African. The performance of 

White girls was not related to age but Coloured and African 

girls deteriorated from the age of 14. White girls were 

superior to Coloured and Coloured to African at this test . 

Boys proved with age at the softball throw (Fig. 17, 

Table Al2) . White boys ere superior to both other racial 

groups and there was no significant difference between 

Coloured and African. Girls sho d less obvious improve­

ment with age. Coloured and African girls were better 

than White at this test and# in the younger age-groups. 

Coloured ere significantly better than African . 

At the 600- yard run-walk there was progressive impzovement 

dth age in White and Coloured boys but very poor 

performances by African boys aged 15-17 (Fig. 18, Table Al3) . 
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T le 20. 

Pr eter 
or· 

Test 

Height 
'eight 

. 
• 

Pull- ups 
Sit- ups 
S uttl run 
Br d Jump 
SO-yard 
oftball 

600- y rd 
Criterion 

RFI 

ite 
Boys 

125 
+ 175. 2- 6. 7 
+ 64. 7- 8. 7 

+ 7. 1- 3. 8 
+ 38 . 1- s.s 
+ 10. s- 0. 1 
+ 85 . 6- 8. 8 
+ 6. 7- 0. 4 
+ 160. 5- 33. 2 
+ 102. 10. 8 .. 

s1 . g;.10. 9 

84. 8- 11. 2 

In the tabl~s in thi ch pter: 

• umber of subjects 
• ite· 

C • Colour 

Col ured 
Boys 

99 

+ 166. 1- 7. 9 
+ 53 . 6- 7. 8 

6 . + 3. 2 
• 27. 7- 6. 0 
+ 9. 7- o.s 
+ 85. 8- 8. 1 
+ 6. 8- o.s 
+ 157. 7- 28. 3 
+ 110. s- 12. o 
+ 47 . 7- 9. 4 

78. 3- 12 . 4 

PER test b ttery 

Signific nee 
of 

Difference 

)C (P<. 001) 
W)C (P< . 001) 

)C (P<. 05) 
)C (P<. 001) 

C>. ( ( . 001) 

-
)C ( (. 01) 

-
>C (P<. 001) 

W>C ( ( . 01) 

>C ( <. 001} 

eight is e sur in centi etres and weight in kilogr s 
Criterion• c osit fitness score b sed on T- scores for 

the-7 AAHP~R tests 
RFI = rapid fitness index ( odified Harv r st p te t) 
x!y represent m n ! st ~rd deviation 
- indic tes no significant difference 

In the AAHPER tests >B indicates a better perform ce by 
A, i . e . shorter time for the runs or igher score for 
the oth r tests. 
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White boys were superior in most age-groups , and African 

boys were much worse than either of the other ra~ial 

groups . There was no obvious age trend in White or 

Coloured girls hut African girls deteriorated from the age 

of 14. In some age roups White girls ere significantly 

better than Coloured and, from the age of 15. White and 

Coloured girls were significantly better than African . 

In the second investigation, limited to age-groups 15-17., 

White boys. Coloured boys , White girls. and Coloured girls 

were ach treated as a uniform group. The heights and 
.. 

weights, the scores for each of the AAHPER tests, the 

composite criteria based on T-scores for the AAHPER tests , 
' 

the RFI derived from the modified Harvard step test, and 

the significance of inter•racial differences are given .in 

Tables 20 and 21 . 

White boys were taller and heavier than Coloured boys, 

were significantly better at 4 of the 7 .P.AHPER tests.. and 

had a higher composite criterion of fitness and a higher 

RFI (Table 20) . The only test at which Coloured boys ere 

significantly better than tfui te was the shuttle run,., 

There was significant corr lation between AAIIPER criterion 

and FI for White boys {r-: . 292; P(.,01} but not for 

Coloured boys (r=.160; P< .l ) .. 



Table 21 . 

Par ter ite Coloured Signific ce 
or Girls Girl of 

Test Difference 

107. 62 

l ight • 165. o.;. S. 4 ... 156. 9- 6. 7 W)C (P< . 001} 
+ 56. 7- 7. 9 + so.1- 1. 0 )C (P< . 001) 

IPER: 

Pull- ups .. 
28 . 3- 14. 8 + 1s. o;.. s . 9 >C (P<. 001) 

Sit- ups + 20. 1- 4. 5 + 19. l - 4. 1 )C (P< . 05) 
Shuttl + • )C (P(. 01) run 11 . ~ 0. 6 11. 3- 0. 8 
Brod J + + 69 . 4-=- 6 . 9 10. 6- 8 . 4: -
50- y rd + s.o! o.9 s.o;. o.s -
Softb 1 

· + 
10. 1- 11. + 102. 2- 11. s C> (P<. 001) 

600- y rd + 141. 16. l .. 149. 17 . 0 >C (P<. 01) 
Criterion 50. 6- 9. 5 + 48 . 9- 11. 3 -

I 67 . 5- 13 . 2 + 55 . 7- 19. 2 )C (P< . 001) 



Tabl 22 . Correlations of individual AAHPER t st 
results with AAHPER criterion an with 
RFI in 393 South frican high school 

children 

e t Correlation Correl tion 
with criterion ith RFI 

AAHPER crit rion - . 321 

Pull- ups . 490 . 209 

Sit•ups . S6& . 581 

Shuttle run . 546 . 396 

Broad j . 744 . (82 

5 yard d sh . 785 . 591 

Softball thro .557 . 467 

600- yard run . 652 . 660 
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fui t~ girls were taller and hea ie·r .. than Coloured ·girls 

and-wer! si~ificantly better at 4 of the _7 AAHPER _tests# 

though ,not on the co osi te . criterion (Table 21). · Coloured 

girls were better at the softb 11 thro_ ... White · girls had 

a higher RFI. There as signiffcant correlation between 

IPER criterion_ and RFI both for White (r=. 422; P{. 001) 

and for Coloured girls (r= . 608; P( . 001)~ 

?n the second series as a whole there was highly signifi­

cant correlation {P<. OOl) between the AAHPER criterion and 

the T- scores of each of the individual tests~ the highest 

correlation being.with the SO-yard dash (Table 22). The 
' 

RFI had .a highly signific t correlation ( <.001) with 

the AAHPER criterion and with e_ach of the in ividual tests, 

the highest correlation being with the 600• yard run .... walk 

and the lowest · ith pull- ups . 

Discussion 

Th growth curves of height follow· the usual pattern for 

children and dolescents (Lurie & Ford# 1958; Tanner,. 1962) . 

The appar~nt loss of height of African girls from 16 to 17 

years of ge is presumably due to the taller individuals 

leaving school at a younger age than t e others butte 

numbers are small a~d no far-reaching conclusions should 

be drawn from this observ tion . The greater height of 
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White than of other children in South Africa may be due 

to their better nutrition (Lurie & Ford, 1958; Hansen. 1962) . 

The dominant effect of undernutrition in children is 

retardation of growth ( eir, 1952) . Although gro,rth in 

weight is usually affected more than growth in height 

much smallness of stature attributed to racial factors is 

really due to malnutrition (Illingworth, 1953) . A 

privilege group of Bantu children in South Africa achieved 

the same heights and eights as White South African child-

ren (Kahn & Freedman. 1959). 

The growth curve for weight of boys follows the satt.1e 

general pattern as the curve for height and the greater 

eight of White than of Coloured boys and of Coloured than 

African may have the same nutritional basis as the 

difference~ in height . '!'he arrest of weight gain in White 

and Coloured girls nnd the considerable increase in 'I.eight 

of frican girls during adolescence may have a sociological 

b sis . At this age girls wish to be attractive to boys; 

in the White and Coloured communities the more slender 

girl is considered more attractive whereas in the African 

community the more obese girl is favoured . Consequently 

ite and Coloured adolescent girls tend to restrict their 

diet~ 1hereas Africans are content to gain weight~ which is 
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easily chieved on their low- rotein, high-carbohydrate 

diet. 

The improvement in pull.-ups with age is presumably 

related to progressiv-e increase in muscul r strength. and 

t e oorer erformanoe of Af:rican boys may be due to poorer 

muscul r development. resulting from a less adequate diet . 

The modified pull - ups prove~ useless as a fitness test 

for South African girls si c:e nearly all of them could 

achieve without effort the arbitrary maximum score of 40 .. 

Sit- mps, a test of_ streng:t}l and flexibility~ showed less 
' obvious, _age trends. possibly because increasing strength 

preswably the strongest group from their greater weight 

and su erior performance at pull- ups. were the best at this 

test . n girls. whose strength does not increase much 

_ after puberty,. reduced flexibility led to deterioration , 

es cially in ite and African girls. The Coloured girls, 

not apparently stronger than the Whitett retained more 

flet ibility. An uns tisfaotory feature of this test is 

the arbitx- ry maximum score of 100 for boys and 50 for 

girls. Many children can exceed this maximum; indeed l 

boy performed 468 sit-us . 

As shown by the shut~le run ., speed and agility improve 

with age in boys and deteriorate in girls . The superiority 
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of fuite boys and of Coloured girls has no obvious 

explanation but the very poor performance of African girls 

may be related to obesity . 

The increase of strength with age in boys and the 

greater strength of ite boys explains the progressive 

improvement with age and the superiority of 'White boys 

at the standing broad jump. The absence of any age trend 

in girls at this test is not surprising but the superiority 

of Coloured girls is unexpected; · ·from their slighter 

build one would expect them to be less strong than White 

girls but it seems that they can mobilise their strer:gth 

more effieiently for a test of power (explosive strength) . 

At a test of speed (SO- yard dash) White and Coloured 

boys showed the expected improvement with age, whereas 

African boys did not . Unlike Botha et al . (1945) I' found 

African boys worse than others at this test , possibly 

because my subjects were urban. whereas many of his were 

rural . The deterioration of Coloured and African girls 

at this test after puberty follows the expected pattern 

(vide supra} but ·lhite girls . although not improving, did 

not deteriorate. 

The better performance at the softball throw in older 

boys is associated with greater strength and probably better 
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neuro-muscular coordination. The gre ter .strength of the 
White boys explains their uperiority at this test. Since 
girls do not gain strength appreciably after puberty they 
show no consistent improvement. As in the other test of 
explosive strength (the standing broad jump) the Coloured 
girls ere superior. The very poor performance of this 

test by White girls is unexplained. 

Finally, in the test of endurance (600-yard run- walk) 

i te and Coloured boys sho -ed the expected improvement 
with age . African boys were much poorer than White or 
Coloured boys and. in most age-groups., than White or 
Coloured girls. This observation conflicts with that of 
Botha et al . {1945} who found Afric&"'l boys superior at the 

600-yard run . Since I am assured by an eminent social 
anthropologist (Professor onica Wilson). that there is no 
ociologieal reason why African boys of this age should 

not exert themselves (it is not considered undignified to 
run) I am at a loss to explain this observation. If it 
were due to dietary deficiency one would expect to notice 

signs of this. but such signs were absent . African girls. 

but not White or Coloured., showed the eXpected reduction 
in endurance after puberty (vide supra) and._ like African 
boys. were much iorse than the other racial groups . In 
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the girls • case the difference in body build (obesity in 

the Africans) ay be t le st partial explanation. 

Although the first investig tion had shown some improve­

ment at ost of the tests fr m 15 to 17 years of age in 

boys, these were not sufficient to persuade e to ignore 

the reco end tion of Gross and C sciani (1962) that senior 
hig chool boys m y be reg rde as homogeneous group 

with respect to ge for the AAHP tests. e · nio:r high 

school girls in my first series showed no significant age 

trend t any of the test • which grees w i th the observa­

tions of Gross and Casoiani. Cons ently in the second 

inv stigation of children I considered the White boys, 

Colo red boys. White girls. and Coloured girls as 

constituting 4 homogeneou grou s . T- scores for boys and 

for girls ,; ere derived fro the .MHPER scores of White and 

Coloured children to g've roug stand rds of fitness for . 
high school children in and near Cape Town . It is highly 

desirable that more extensiv survey be undertaken to 

establish stan ards for the country as whole . 

The second investig tion confirmed the re ter height 

and weight of ite than of Coloured boys and the superior-

ity of ite boys at tests of strength. flexibility. speed, 
and endurance. In thi investig tion, limit to the 
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older age-groups, the Coloured boys were superior in 

gility (shuttl run) and there w s pr etically no 

differenee in power (broad jump and softball throw) . In 

the gen ral criterion of fitness White boys were superior 

to Coloured. The RFI, another measure of endurance, was 

higher for White boys, in whom it had a low but signifi­

cant correlation wit the AAHPE criterion. It appears 

that the extra eigllt of the ite ·boys, probably due to 

muscle. gives them greater strength, speed, and 

endurance, but reduces their agility. 

As in the previous investigation, White girls wete much 

taller and heavier than Coloured girls and ere better at 

tests of strength, flexibility, and endurance and worse at 

throwing the softball . Although the younger ag groups of 

Coloured girls in the previous investigation ere better 

than White girls at the standing broad jump. the Coloured 

girls in the second investigation were not significantly 

better. Although the ite girls in thee rlier investiga .. 

tion showed greater speed (SO.yard dash) the mean 

perfonnance in the second was identical for the two groups . 

That there is less inter•raoial difference in physical 

fitness in girls than in boys i.s shown by the laek of 
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significant difference between 1 te and Coloured girls 

in the total criterion. The greater endurance of White 

girls is confirmed by a higher RFI . 

The AAHPER tests which showed t e highest correlation 

with the total criterion were the SO-yard dash. d the 

st mding broad jump., whic gre s with the findings of 

Backe (1964) and my own observations on young adults 

(Chapters 6 & 8). All the correlations tween the criter• 

ion and its individu. 1 constituents were re sonably good .. 

The RFl ad a low {tough significant) correlation with the 

A.AHPER criterion; it corr lat better. s ight be 

e cted. ith another en urance test (600- yard run- walk) 

an the lowest correlation was wit test of rm strength 

{pull- ups); these findings re imilar to my results with 

young dults. 

Summaq 

The influence of age nd of rac on ohysical fitness was 

stu ed in a series of 5,962 South African children who 

performe the original AAHPER b ttery of tests. Boys 

showed the anticipated gins in eight and weig t with 

increasing age and girls sowed the anticin ted gain in 

height with vancing age and in weight up to puberty. From 

the age of 14 years frican girls i ere sed arkedly in 
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weight, which may be attributable to sociological and 

dietary factors. In ee.ch age roup and each sex. White 

children "ere the tallest . '!here as no consistent dif­

ference in height between Coloured and African children . 

At all ages llhite boys were heavier than Coloured and at 

most ages eavier than African. there being no consistent 

difference in weig t between Coloured and frican boys . 

ite girls ,ere the heaviest at every age but, in the 

older g roups African girls were heavier than Coloured. 

Boys showed progressive improvement with age at most of 

the AMI ER tests. At most of the tests White boys were 

superior to Coloured and Coloure were superior to African 

ut the difference between ite and Coloured was small at 

pull- ps and at the 600- yard run- walk . At the shuttle run 

and softball thro~ the differences between Coloured and 

African boys ere $ignificant only in so e age-groups . 

The modified .ull- ups for girls proved an uns tisfactory 

test of fitness . Girls showed n~ consistent age-trend in 

the .AAHPER tesf s. The differences between ite. Coloured, 

an frican girls at the several tests were less marked 

than t e · corresponding differences in boys~ t e ·fui to being 

su rior at s e tests and the Coloured at others . the 

African girls ~ ere t e poorest at ost tests. with the 

-~ "'-- . -· -
~irwM~cwo--""'~~~ -~ "-"""'-slli""'"'"'"'"'cz""'"'-~"'""'"'"'"""" • • 
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exception of the softball throw, at which l ite girls 

were the ,, orst .. 

In second series of 393 ite and Coloured children in 

a more limited age-range ( 15-17 years) inter-racial 

differences in physical fitness were tudied with od• 

ified AAHPER test b ttery. a ca posite criterion of fitness 

based on T•scores for the 7 tests. and tho RFI derived 

from the H rvard step test . White boys and girls were 

taller and heavier than Coloured. White boys were superior 

to Coloured at ost of the AAHPER t sts. on the total 

criterion, and at the modified Harvard step test . Although 

Wh'te girls were superior to Coloured at 4 of the 1 AAHPER 

tests and at the modifi-ed Harvard step test there was no 

significant difference in the composite AHPER criterion. 

In the second series as a whole there was a highly 

significant correlation between AAHPER criterion and eac~ 

of its consituent tests and between RF! and .MHPER 

crl terion and each of the AAHPER tests . 
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Chapter 12 

Compar~non of the pllysical fitness of 

hig school children in South Africa, Great Britain. 

and the United States of Amer ·ca 

Few re orts of int rnational comparisons of p ysical 

fitness of ehildren have been published. fit t e Kraus-

'eber tests of flexibility, Xraus and Iirschland (1953, 

1954) found much highe·r standards in ustrian, Italian, 

an Swiss children than in children in the U.S.A. ; whereas 

soi of .American children failed to complete one or more of 

the tests the failure rate for eac, of the urooe 

countries was less than 1 1.t. Smit (1961), c paring the 

performance of South African cllildren w·th these results. 

found that both White and Bantu c il ren in South Africa 

were superior to American but inferior to European children . 

easuring " ork ca;'.)aci ty with a bicycle erg meter. Adams 

et 1. (1961a} found little dif erence beti,,reen Swedish and 

Californian children. 

ith a comprehensive test battery, odahl et al. (1961) 

found no arked difference in physical rformance betueen 

Ar.i.erican and German children but Swedis c ildren were 
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superior to both . Campbell and Pohndorf (1961) applied 

the AAHPER test battery to more than 10,00 boys and 

girls age 10- 17 years in Great Britain and Cyprus and to . . . 
about .s. s O boys and ~ir_ls in the so.me age- range in the 

United St tes of America. They found that the performance 

of Bri tish and American boys and British girls improved 

with e . whereas .American girls showed little improvement 

or regressed. Bri tis boys were superior to American at 

all tests except the softball throw and Britis girls were 

superior to Americnn at all the tests. In some of the 

younger age-groups Bri tish girls w-ere superior to American 

boys at 4 of the 7 tests . In 1961 I discussed these 

findings with Cempbell and obtained his permission to use 
his results for comparison with the results of tests on 

South African children . 

Subjects and methods 

The subjects of this investigation were the s . 962 South 

African high school children. whose physical chara~teris­

ties and athletic fitness have lre dy been analysed on 

an inter-racial basis in Chapter 11. Since the American 
and British surveys , with w i ch these were to be compared, 

~1ere not racially differe tiated, L~e South African child­

ren ere taken as a homogeneous group for this comparison , 
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. 
-1though inf ct there are significant inter- racial 

differences on many of the tests (Chaoter 11) and the 

proportion of Colou:re pupils is probably higher in the 

South African series than in the ot ers . Since there ere 

not enough children bclo the age of 12 years in the South 

African igh schools for satisfactory statistical an lysis. 

110 comparison with t e younger age grou s ( 10 and 11 ) 

reporte by Campbell and Pohndorf was possible. . At the 

other end of the scale there iere not enough erlcan 

children or ritish boys above 17 or British girls above 

16 in Campbell and Pohndorf •s series for com arison . 

e South African boys and girls performed the same tests 

under the s~ e conditions as the British a.~d .American 

chil~ren . As in the U. K. nd the U. Q. A. the investig tion 

too,. a whole scholastic year so any seasonal influence on 

the results hould be minimal . 

Results 

'Ille heights and veights of the national grou s are shown 

in igs . 20 an' 21 . The figures for British chil dren 

(unpublished) were kindly provided by Campbell and Pohndorf. 

sin rn.y series the ageist ken s the age in years at 

the last birt1day~ The figures for erican children 

{medians, not means,, int is case} are reported from a 
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\ 

study in Iowa City (Vaughan. 1964) . 

Si.nee full statistical data are available only for the 

British and Sou-th African material the significaTtce of the 

differences in each age group ca.Tl be computed only for 

them (Tables Al4. Al5) but the America.n figures for height 

d weight are very close to the Brl tish except ro:r the 

lesser weight of American girls . As might be expected 

when dealing with such large numbers of subjects most of 

the differences between South African and British results 

shotm on the figures are highly significa...11t . South Afri can 

boys an girls in the younger age groups iere significantl y 

t ller and hca-~rier than British; thereafter the Br itish 

boys were taller and heavier up to the age of 16 hut g irls 

show~d no significant di.ffer~nce in height or weight . 

Except in the youngest age-groups of boys., South African 

children were superior to Bri ·ti sh at ull-ups and mod­

ified pull. ups (Fig .. 22; Table Al6) . It can be assumed 

from the figure that they were also superior to the .Americans; 

but full statistical information .was not available for the 

American series .• 

E cept in the youngest age roup of boys. in which the 

British were superior, and the oldest ag roup of gi:rls -

. here the difference 't as not significant , South African 
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children were superior to British (and hence to American) 

children at sit- ups (Fig. 23; Table Al7) . 

At the shuttle run (Fig.. 24; Table Al8) South African 

children were superior to Bri ti.sh ( and presumably to 

American) children up to the age of 15. At 16 years of 

age British girls were superior to South African at this 

test. 

At the standing broad jump (Fig. 25; Table Al,9} South 

African boys were superior to · British (and American) boys 

at most ages but South Africru:i gi,rls were significantly 

~tter than British only in the first 2 age-groups . 

American girls did very badly at this test . 

At the SO- yard dash (Fig. 26; Table A20) South African 

children were superior to British up to the age of 15 . At 

ages 14-17 it is impossible to determine from the 

available data whether South African boys were significantly 

better at this test than .American boys but the performance 

of American girls was very poor. 

In each age-group .American boys had .the best mean 

performance at the softball throw (Fig. 27) but the statis­

tical significance. of this cannot be determined with the 

available data. South African boys were significantly 

better than British at this te,st (Table A21) . Up to the 



A .. A.H. . E. • I TERHATIO 

'• 

Time 
(min ,.sec) 

1. 45 

2 -00 

2 -15 

2-45 

3 -00 

3 . 15 

600-YARD RUN-WALK 

3 · 30IL2--13L--. --'14 __ ...J..15--.L.16----,Jl7!::-~18 

Age (yrs) 

i g ._ 28 

ISO 



150 

age of 15 years South African girls were significantly 
better than ritish girls but . from the available data, 
the significance of their superiority over the Americans 
cannot be assessed.· 

Up to the age of 15 years South African boys and girls 
were significantly better than British at the 600-yard 
run-walk (Fig. 28; Table A22) . e rformance of 

American boys and girls at this test was very poor •. 

Discussion 

In general there is less difference in heights and 
·,,eights between the national groups than in their 

performance of the AAHPER tests . The uperiori ty 1n ' l 

height and weight of South African children in the younger 
age . roups only may be du.e to the absence of African boys 
f r om the 12- year-old and of Afr ican girls from the 12•year­
old an l:3.-year- old groups . 

At ost age White South African boys and girls are 
talle~ and heavier than British or American (Cluver et al ., 
1946) but the inclusion of Coloured and African children 
in my serie · brings the figures below the British t 
most ages. In contrast to Cluver•s finding that American 
children are he vier for given height than White South 
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Africans I found, ·in my multi- racial series, little 

international difference in the height of girls but the 

Amel"ican girls were considerably lighter than the others . 

I cannot explain why the English girls were heavier than 

the American hut the greater weight of South African girls 

in the older age-groups may be due in part to the 

inclusion of Africans in my series . 

The superiority of South African boys at pull- ups is 

unexpected as one would e:xpect the heavier British and 

American boys to be stronger. If their extra weight were 

due to muscle one would expect their performance to be 

better than the South African , ·if due to fat one would 

ex:pect it to be worse ,., An international comparison of 

body composition in relation to tests such as these would 

be very helpful in explaining the results . The poor 

performance of British and .American girls at modified 

pull• ups is su rising since all races in South Africa 

performed the test so well that it proved useless for dis­

tinguishing degrees of fitness (Chapter 11). 

In the tests of trunk strength and flexibility , agility, 

and povrer (sit-ups. shuttle run. and standing broad jump) 

the general pattern was of superiority of South African 

over Br itish children and of British over American. At 
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the speed test (SO-yard dash) t e South Africans were again 

the best but there was little difference between British 

and American boys. 

The superiority of American boys at the softball throw 

probably depends more on motor skill than on power" since 

American boys practise throwing a softball or baseball 

from an early age whereas these games are rarely played 

in Great Britain or South Africa. American girls do not 

reflect the superiority of American boys at this test. 

possibly because they are less active at games than South 

African o~ British girls. 

The endurance test (60()-yard run-walk) shows the greatest 

difference between South African and British children and 

American children. The name of this American test. •run­

walk•, implying that many will be unable to run 600 yards. 

indicates the standard of endurance expected of American 

children. and the results confirm this ·supposition. 

Two important questions arise from these observations. 

Why do South African children# who are considerably fitter 

than British in most of the younger age roups, lose their 

lead in 3 of the tests at the age of 17 in boys and in 5 

of the tests at the age of 16 in girls? And hy are 

American boys and girls so much worse than the others at 

most of the tests? 
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I believe that the greater fitness of the younger South 

African children may be due to the greater participation 

in outdoor sports, which is ppropriate to the South African 

but more difficult to achieve with the British elim te . 

Also South Africa does not suffer frO!ll television • . The 

falling off in the older age groups# leading to the 

inferior fitness of South African men and women in young 

adult life (Chapter 10),. may be due to the greater amount 

of times ent by the older South African adolescents 

basking in the sun. hereas more hysic activity is 

require in Great Britain to maintain the body temperature. 

The older South African children are probably conveyed more 

often by motor transport than the British,. who indulge 

more in walking or cycling, but most high school e~ildren 

of both countries are active at outdoor sports • 

. F my personal observ tion of the American way of life 

there seem to me to be t yo factors which. more than any 

others, militate against physical fitness in the children . 

The first of these is the school bus. If a child lives 

more than a ery short distance from school he is driven 

e en day from his home to school and from school to his 

home... instead of walking or cycling to and from scltool as 

is common practice in South Africa and Great Britain.. The 
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Aneriean child need never alk further than from the 

garden gate to the television set. The other deleterious 

factor is the American attitude to sport . A high school 

or college has a football team, a baseball team, a basket­

ball team., and perhaps one or two other teams , with a few 

recerves for each. The other children are expected to 

r emain on the side- lines ,and give vocal eneouragement to 

the team_ instead of themselves playing in 2nd. 3rd., 4th, 

or other teams. According to Kiphuth (1956) only the 

10• 15 of .American children actively engaged in 

competitive sport attain a reasonable stand rd of physical 

fitness . 

Encouraged by the President ' s Council on Youth Fitness 

(President •s Council . 1961) many American schools have 

intensified their physical education programmes during the 

last fe years. '!he Eduction Department of the State of 

New York reports that the performance of the AAHPER tests 

both by boys and by girls in 1962 was much better than the 

national standards e,stahlished for the U. S .A. in 1957 

(University, 1963). It uld be interesting to ascertain 

whether any such secular change in the ysical fitness of 

high school children is taking place in South Africa or in 
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Great Britain. where there has been no comparable drive 

for improved standards,. 

Summau · 

The heights and weights of s. 962 South Afrie~ boys and 

girls aged 12-18 years , ere compared with the heights and 

weights of British and American boys and girls in the 

same age-groups reported by other observers. There was 

little difference between the national groups exc~pt that 

American girls. in the older at1e roups1 were lighter than 

South African or British girls . 

The performance of the AAHPER test battery by South 

African boys and girls was compared, in each age-group, 

with the scores at the same tests by British and American 

boyz and girls reported by Campbell and Pohndorf. Ia 

general the South African children were the fittest and 

t:ie British were fitter than the Americans but the South 

Africans lost their lead in the older ag - roups. American 

boys were the best at throwing a softball. Reasons fo:r the 

observed order of fitness are suggested. 
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GENERAL co ... mLUSIOMS 

Physical fitness is a positive concept , signifying more 

than erely absence of disease or defo.rmity . It implies 

the capacity to perform a variety of physical tasks 

efficiently for prolonged periods without distress. 'lbe 

maintenance of a satisfactory degree of physical fitness 

'emands regular physical exercise and avoidance of obesity . 

Phyuical fitness is important to the state as well as to 

the individual ._ 

It is often convenient to consider 3 categories of 

physical fitness , viz.: static or medical fitness , 

dynamic or functional fitness , and motor skills fitness. 

There are however a number of measurable physiological 

factors involved in the performance of physical tasks , 

viz.: speed, strength, power, flexibility, agility. balance, 

oordination, and e durance . Endurance corresponds approx-

~ ately to dynamic fitness . 

Most tests of dynamic fitness are based on the physio­

logical reoponsas, particularly of the circulatory and 

respiratory systems, to strenuous exercise . A good example 

is the Harvard step test ·which , with appropriate 

modifications , may be applied to men , women , boys , and 
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girls. Other ' speots of fitness re usually ssess~ by 
batteries of atlletic tests, of hich a good example is 
the AAHPER test b ttery, 

The hysic 1 fitness of young men, as estimate by the 
H rv rd step test and by th AAHPER test battery, is not. 
related to their height or eight but dyn6I:l.io fitness is 
reduced in the more obese subjects . Male p ysical educa­
tion stu ents are fitter than other m le students but 
t ere is no consistent difference in fitness between White 
an Coloure although the former re taller and heavie~. 
Assessing relative eetomo:rphy, meso orphy, an endomorph.y 
on the b si of reciprocal ponderal in ex and body fat, 
mesomorphic men are the fittest an endomo hie the least 
fit . Active training for rowing or rugby leads to a 
marked improvement in dyn ic fitnens . 

In women as in men there is no consistent relationship 
bet een physic 1 fitness and either height or eight but 
the ore obese subjects are less fit , Female hysical 
education students r fitter than other female students·~ 
White ·0111en students re taller and he vier but not fit t er 
than Coloured. Physical fitness in women is not related 
to rel tive eotomorphy., mesomorphy , or endomorphy, and 
dynamic fitness is not ffected by mcnstru tion . 
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Intensive physical tr ining raises the dynamic .fitness 
of young. women an less intensive, but regular, training 

revents the deterioration which tends to occur without 

:i.t. 

Boys gain height an weig t and their athletic 

performance imnroves from 12 to 18 ye rs of age. Girls 
continue to gain eight but gain little eight after about 
15 years of age except Afrioe11 girls, who show a marked 
weig t gain in this period. At most fitness tests the 
girls ' erfo ance fails to improve. or even deteriorates, 
int e older ge-groups. 

ite boys are taller and heavier than Coloured and 

African boys. it boys are superior to Coloured, who 
are superior to African in most aspects of physical fitness , 
the gre test ifference being in endurance . White girls 
re t ller an : he ~ier than Coloured and, in the younger 

ag - rou s# th African girls . There is little difference 
in the _ erformance of fitness tests by ihi te and by 

Coloured girls but both are sup rior to Africans . 

Bot in adults and in children t ere is little or no 
correlation between measures of p ysical fitness and 
either height or weig t but in adults the obese s jects 

are less fit . In most of the groups studied there is 
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signif ·cant correlation bet een the co osite criterion 
of fitness based on the AIDIPER tests and the fitness 
in ex b sed on the H rvard step test . lhe best c rrela• 
tions between the AAHPER criteri on and it several 

constituent testo are 'th the 50- yard dash and the standi ng 
broad jump. The best correlation bet een the fitness i ndex 
and the IPER tests i s with the 600• yard run• alk and t he 
poorest is with pull- ups . 

C mparing the physical fitness of high chool c ildr en 

and of uni versity a:.ad college students in Soutl A rioa , 

Great Britain , and the United States of er ica, the Sout h 
African oys and girls are superioi- to the r i tish i n the 

younger age roups at most of th AAHPER tests but lose 
their lead by about the age of 17 in boys and 16 i n girls . 
American ild:re 

throwing a ball . 

are the wor~ at every test except 

These differences ay be due to socio-
logical differences in the different c ltures. particularly 
·n the degree of physical activity oft e cl ildren . llt.e 
dynamic fitness of young adults of th s national g r oups 

slo1s the same patt rn as the thletic fitness of the 
older children . In general the British me and women are 
the fittest and the America.is the least fit . In the oase 
of physical education stude ts the standard of fitness 
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attained is related to the intensity of tr ining rather 

than to the time dev~ted to it . In the c se of other 

students ynamio fitness may be related to their extra­

curricul r p ysical activity. 
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APPENDIX A 

TABLES Al • A22 



Table Al. T-soore for AAHPER tests on young men 

--

T• seore 
R Scor s 

Pull-up Sit- up Shuttle B.Jump 50- yd . Softball 600- ~ . (no. ) Cl in) (sec) (ft) (s c) (ft) ( seo) - --

0 0 10. 8 105 l 20 72 106 121 2 7. 8 108 3 109 : 120 4 10. 7 73 111 I s 21 112 119 
I 

6 1 74 7. 7 11 7 10. 6 115 118 
I 8 

: 
75 117 9 ; 

22 118 10 
; 

i 7. 6 120 117 
11 10. s 76 121 12 123 116 13 2 23 77 7. 5 124 14 125 115 15 10. 4 127 
16 78 128 114 17 24 7. 4 lSO 18 10. 3 _79 l 1 113 19 3 133 20 25 . 80 134 112 
21 7. 3 136 22 10. 2 137 23 81 139 111 24 26 7. 2 140 25 4 82 142 110 



Table Al (cont . ) 

Raw Scores 
T-soore 

Pull-up Sit•up Shuttle B. jump 50-y . Softball 600-yd. 
(no. ) (1 r.dn . (sec) (ft) (see} (ft) (sec) 

26 10. 1 143 
27 145 109 
28 27 83 7. 1 146 
29 10.0 147 108 
30 84 149 

31 5 150 107 
32 28 . 85 7.0 152 

9.9 153 
34 155 106 
35 86 156 

36 29 6. 9 158 105 
37 9. 8 87 159 

8 6 161 104 
39 88 6 . 8 162 
40 0 164 103 

41 9.7 165 
42 89 167 102 
43 6. 7 168 
44 7 31 9. 6 90 170 
45 171 101 

46 172 
47 91 6. 6 174 100 
48 32 9.5 175 
49 92 177 99 
50 8 s. s 179 

51 33 93 180 98 
52 9 . 4 181 
53 183 97 
54 94 6. 4 184 
55 34 9. 3 186 96 



Table Al {cont.) 

Ra Scores 
T score 

Pull.;.up Sit- up Shuttle B.j~ 50- yd. Softball 600- yd. 
(no. ) (1 min} (sec} (ft) (sec) (ft) (sec) 

56 9 95 187 
57 189 
58 6. 190 95 
59 35 9. 2 96 192 
60 193 94 

61 97 6. 2 194 
2 196 93 

63 10 36 9. 1 98 197 
64 199 92 
65 6. l 200 

66 9 . 0 99 202 91 
67 37 203 
68 100 205 
69 11 6. 0 206 0 
70 8. 9 208 

71 38 101 209 89 
72 211 
73 102 5. 9 212 88 
7 8. 8 214 
75 12 39 103 215 87 

76 s.s 217 
77 8. 7 218 86 
78 104 219 
79 40 221 ' 80 105 5. 7 222 85 

81 1 8. 6 224 
82 41 106 225 84 
83 227 
84 5. 6 228 83 
85 s.s 107 230 

-



Table Al (cont . ) 

Rw Scores 
I T-score 

Pull- up Sit-up Sh ttle B. jump 50-yd. Softball 600- yd. 
(no. ) (l in) (sec) (ft) (sec) (ft) (sec) 

86 42 231 82 
87 108 5. 5 233 
88 14 234 81 
89 8. 4 236 
90 4;3 109 237 80 

91 5. 4 239 
92 110 240 
93 8. 3 242 79 
94 15 4 111 243 
95 5. 3 244 78 

96 8. 2 246 
97 112 247 77 98 45 249 
99 113 s.2 250 76 100 16 8. l 252 -



for AAHPER t sts on xoung women 

Ra Scores 
T-scor 

Pull- lip it-up Shuttle B. j 50-yd. Softball 600- yd. 
(no . ) (1 min) (sec) (ft) (sec (ft) (sec) 

0 12 . 6 10. 4 15 232 
I 1 44 16 231 2 6 10. ~ 17 229 

3 12.s 45 20 228 
4 10. 2 21 227 5 7 12. 4 46 22 226 
6 47 10.1 23 224 7 25 22 
8 12 . 3 48 27 220 
9 8 . 10.0 28 218 10 12 . 2 49 30 217 

11 9. 9 31 216 12 0 9 50 33 215 13 1 12.1 51 9.8 34 214 14 36 211 15 2 10 12 .. 0 52 9. 7 7 210 
16 3 39 208 17 11 . 9 53 9. 6 40 207 18 4 11 41 206 19 5 . 54 43 204 20 6 11 . s 9. 5 44 203 

21 12 55 46 202 22 7 11 . 'l 56 9. 4 47 199 23 8 49 198 24 13 . 
57 9 . 3 50 197 25 9 11. 6 52 195 



Table A2 (cont . ) 

aw co s 
T-score 

Pull- up Sit- up Shuttl B. jump 50- y . Softball 600-yd. 
(no. ) (1 in) (sec) (ft) (sec) (ft) (sec) 

26 10 58 9. 2 53 194 27 14 11. 5 54 192 
28 11 5 56 l~l 29 l~ 60 9.1 57 190 
30 11. 4 59 188 
31 13 15 61 9. 0 60 186 32 14 11 . 62 185 
33 62 8 . 9 63 184 
34 15 16 65 182 
35 16 11 . 2 63 a.a 66 180 

6 64 68 178 
37 17 17 11. 1 69 177 ..,a 18 65 8. 7 70 176 
39 72 175 
40 19 18 11. 0 66 8. 6 13 174 
1 20 75 172 

42 21 10. 9 67 8. 5 76 170 
4 78 169 

4 22 19 10 . 8 68 8. 4 79 167 
45 23 69 81 166 

46 8. 3 82 16. 
7 2. 20 10 . 7 7 83 163 a 25 a.2 85 161 
9 10. 6 71 86 160 0 26 21 88 158 

51 21 72 8 . 1 89 157 52 10. s 73 91 155 
5 28 22 a.o 92 154 54 29 10. 4 74 93 152 
5 7. 9 95 151 



Table A2 (cont . ) 

Ra Scores 
-score 

Pull- u Sit-up uttle B.jum 50- y . So ·tball 60 -yd. 
(no.) (1 in) ( ec) (ft) ( sec) (ft) (sec) 

5 30 23 10. 3 75 97 149 57 31 7. 8 98 148 58 76 99 147 59 "' 10.2 77 101 145 ... 
60 33 24 1 . 1 102 143 
61 34 10.1 78 103 142 6 7. 6 105 140 3 35 25 79 107 139 64 26 10. 0 7. 5 108 138 65 80 110 136 
66 7 26 9. 9 81 7. 4 111 134 67 8 112 133 68 82 114 132 9 39 27 9. 8 7 . , 115 130 70 40 83 116 129 
71 9 . 7 1. 2 118 127 72 41 28 84 120 12 73 42 7.1 121 124 7 ... 9. 6 85 123 123 75 43 86 7. 0 124 121 
76 44 29 9. 5 126 120 77 87 6. S 127 119 78 45 9. 4 128 118 7 46 30 88 130 115 so 47 . 6 . 8 l 1 114 
81 9. 3 89 133 112 62 4 31 90 6. 7 134 111 8 49 9. 2 136 109 84 91 6 . 6 137 108 5 50 32 1 9 106 
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T-score 

0 
l 
2 
3 
4 
5 

6 
7 
8 
9 

10 

1 
2 
3 
4 
5 

16 
17 
18 
19 
20 

21 
"2 
2~ 
24 
25 

T le AS. T-scores for F.AHPER tests 
on Boys ageci 15-17 years 

Raw Scores 

Pu 1-up Sit-uo Shuttle B. jump 0-yd. Softball 
no.) <1 in> sec) ( ) (sec (ft) 

12 60 a.o 66 
12 • .., 61 68 

70 
3 2 72 

12. 2 7. 9 74 
14 6S 76 

12.1 78 
15 64 7 

12. 0 7. 8 81 
65 83 

l 11 . 9 5 

66 87 
17 11. 8 1. 1 89 

67 90 
18 92 

11. 7 68 94 

0 19 7. 96 
11. 6 69 8 

100 
20 11. 5 70 1 2 

7 . 5 103 

1 21 11. 4 71 10 
107 

22 72 10 
11. 3 7. 4 111 

2 73 11 

600-yd . 
(sec) 

142 

141 
l 
139 

138 
137 

136 
135 

134 

1 \.i 

1 2 
131 

130 
129 
128 

127 
126 

125 
124 



Table A3 (cont.) 

aw t..Jcoros 
-scor 

Pu.11- u it ... uo Shuttl B. j :o 50-yd, oftball 00- y • 
(no . ) c1 itin) (sec) (ft) (sec) (ft) {sec) 

2 23 11. 2 115 123 
27 1 116 
28 2.1. 11. 1 7. 3 118 122 
29 75 120 121 
30 25 11. 0 122 120 

1 76 124 
32 10. 9 7 .. 2 126 119 
33 26 77 128 118 
'4 129 
35 4 27 l . 8 78 131 11'7 

36 7. 1 133 116 
37 28 10. 7 79 135 115 
38 137 
39 10 . 6 80 139 114 

29 7. 0 111 11 

~l 10. s l 143 
2 30 145 112 

43 82 146 111 
44 6 31 10. 4 6. 9 148 11 (5 83 150 

46 10. 3 152 109 
47 32 84 154 108 
48 10. 2 6. 8 156 107 
9 7 33 85 157 

50 10 ., l 159 106 

l 4 86 161 105 
.>2 10.,0 6. 7 163 104 
53 S5 87 165 
54 8 167 10 
55 9. 9 88 169 102 



Table A3 (cont . ) 

Ra core II 
-score 

Pull- u Sit-"> Shuttle B. jumn 50-•yd . Sc,ftb 1 600- yd. 
(no . ) (1 in) (sec) {ft) (see) (ft) · (seed 

5 36 6. 6 170 101 57 9 . 8 9 172 
58 9 37 90 174 100 5 9. 7 176 99 
60 38 91 6. 5 178 

I 61 9. 6 180 98 
62 92 182 97 63 10 39 . 

183 96 
64 9. 5 93 6, 4 185 
65 40 187 95 I . 

6 9. 4 94 189 94 
67 41 191 93 
68 11 9. S 95 6. 3 193 
69 195 92 
70 42 9. 2 96 196 91 
71 198 
72 12 4 9. 1 97 6. 2 200 90 
73 202 89 
74 44 98 204 88 75 9.o 206 

76 99 6. 1 208 87 77 13 45 8. 9 209 86 
78 100 211 85 
79 46 s. 213 
80 101 6 . 0 215 84 

81 47 8. 7 217 83 82 14 102 219 
48 221 82 84 8. 6 10 5. 9 ?.22 81 8v 224 80 



Table A3 (cont . ) 

Rw Scor s 
T-score 

ll•Up Sit-up Shuttl B(J~ 50-yd. Softball 600-yd. (no.) (l min) (sac) (soc) (ft} (sec) 

86 49 a.s 104 226 
87 15 228 79 88 50 8. 4 105 s.s 230 78 89 2 2 77 90 51 8. 3 106 234 

91 16 236 76 
92 8. 2 107 5. 7 237 75 93 52 239 74 94 108 241 
95 53 8. 1 243 73 

96 17 109 5. 6 245 12 
97 54 a.o 247 
98 . 100 249 71 99 7. 9 250 70 100 55 111 s.s 252 69 



T- cor 

0 
1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

Tabl A4 . T- oor s for AAHPER t sts 
on girl aged 15-17 years 

Rw Scores 

Shuttl Softball Pull• up 
(no . ) 

Sit-up 
(1 min) ( sec) 

B. jump 
(ft) 

50-yd. 
(s c) (ft) 

11 
7 13 . 1 10 . 0 13 

48 14 
13 . 0 16 

49 9 . 9 17 
8 18 

12. 9 50 9. 8 20 
21 

12 . 8 51 23 
9 9. 7 24 

52 25 

12. 7 9. 6 27 
28 

10 12 . 6 53 30 
9. 5 31 

54 33 

11 12 . 5 9. 4 34 
55 35 

12 . 4 37 
56 9. 3 38 

12 12 . 3 40 

9. 2 41 
0 57 42 
1 12. 2 9. 1 44 
2 13 58 45 
3 12 . l 47 

I 
600- yd • . 

( sec) 

195 I 194 
193 
192 
191 
190 

189 
188 
187 
186 
185 

184 
183 
182 
181 
180 

179 
178 
177 
176 
175 

174 
173 
172 
171 
170 



Table A4 (cont . ) 

a Scores 
T-score 

Pull-up Sit-up Shuttle B. ju.mp 50-yd. Softball 600-yd. 
(no.} Cl min) (seo) (ft) (sec) (ft) (sec) 

26 59 9. 0 48 169 
27 4 14 49 168 
28 5 12 . 0 60 8. 9 51 167 
29 52 166 
30 7 11. 9 61 54 165 

31 8 15 8. 8 55 164 
32 57 163 
33 9 11. 8 62 6. 7 58 162 
34 10 59 161 
35 11 16 11. 7 63 61 160 

36 12 8. 6 62 159 
37 13 64 64 158 
38 11. 6 8. 5 65 157 
39 14 17 65 66 156 
40 15 11 . 5 8. 4 68 155 

41 16 69 154 
42 17 18 11 . 4 66 71 153 
43 18 a. 3 72 152 
44 67 73 151 
45 19 11 . 3 8. 2 75 150 

46 20 19 68 76 149 
47 21 11. 2 78 148 

8 22 69 8. 1 79 147 
9 23 80 146 

50 20 11 . 1 70 a.o 82 145 

51 24 83 144 
52 25 11 . 0 85 143 
53 26 21 71 7. 9 86 142 
54 27 88 141 55 10. 9 72 7. 8 89 140 



Table A4 (cont . ) 

Raw Scores 
T-score 

Pull- up Sit-up Shuttle B. jump 50-yd. Softball 600-yd. 
(no . ) (l min) (sec} (ft} Cs c) (ft) ( ec) 

56 28 90 139 57 29 22 10. a 73 92 138 
58 0 7. 7 9 137 
59 31 74 95 136 
60 32 10. 7 7. 6 96 135 

61 23 97 134 
62 33 10. 6 15 7. 5 99 133 
63 34 100 132 
64 35 24 10. s 76 102 130 
65 36 7. 4 103 129 

66 37 77 104 128 
67 10. 4 7. 3 106 127 
68 38 25 78 107 126 
69 39 10. 3 109 125 
70 40 79 7. 2 110 124 

71 41 112 123 
72 42 26 10 . 2 7. 1 113 122 73 80 114 121 
7 43 10. l 116 120 
75 44 27 81 7. 0 117 119 
76 45 119 118 77 46 10. 0 82 6 . 9 120 117 
78 47 121 116 
79 28 9. 9 83 123 115 
80 48 6 . 8 124 114 
81 49 9. 8 126 113 82 50 8 6. 7 127 112 
83 51 29 128 111 84 52 9. 7 85 6. 6 1 0 110 85 131 109 



Table A4 (cont . ) 

R :t., Soor s 
T- score 

Pull-up Sit-up Sh ttle B. jump 50-yd. Softb 11 600-yd. 
(no.) (1 in) (sec) (ft) (sec) (ft) (sec) 

86 53 9. 6 86 133 108 
87 54 30 6. 5 134 107 
88 55 87 135 106 
89 56 9. 5 6. 4 1 7 105 
90 57 31 88 138 104 

91 9. 4 140 103 
92 58 6. 141 102 
93 59 89 143 101 
94 60 32 9. 3 6. 2 144 100 
95 61 90 145 99 

96 62 9. 2 147 98 
97 91 6.1 148 97 

8 63 33 150 96 
99 64 9.1 92 6. 0 151 95 

100 65 152 94 



Table AS . Inter-racial cogzarison of 
South African children: height 

Age White v, 
(yrs) Colour 

Boys 

12 ~)C (P< . 001) 
13 )C (P< , 001) 
14 W)C (P< . 001) 
15 ~>C (P< . 001) 
16 >C (P< . 001) 
17 >C (P< . 001) 
18 )C (P< . 001) 

Girls 

12 W>C (P< . 001) 
13 >C (P< . 001) 
14 )C (P< , 001) 
15 )C (P< . 001) 
16 W>C (P< . 001) 
17 ' )C (P< . 001) 
18 W>C (P< . 001) 

In Table AS- Al3. 
W • White 
C • Colour d 

• Afric 

White v . 
Afric 

W>A (P< . 001) 
>A (P< .001) 
>A (P< . 001) 
>A {P( . 001) 
>A ( <. 001) 

* 
* 

>A (P<, 001) 
>A (P<, 001) 
>A (P< . 001) 

W>A (P< .001) 
>A (P<. 001) 

- • no ignificant difference 
* • dat not av ilabl 

Coloured v. 
African 

-
... 
-

* 
,:t 

-
-

A>C (P<.05) 

• 
-



---~---· nter-racial cop r1son of 
South African children: iqht 

Age it .. it v • Coloured v. 
(yrs) Coloured African frican 

~ 
12 >C (P<.001) * 
1 >C (P<.0 1) -
14 >C (P<.001) >A (P< . 001) ... 
15 >C (P<.001} >A ( <.001) -
16 >C (P< . 001) W>A (P< . 001) A>C (P< . 05) 
17 >C (P<. 001) >A (P< . 001) -
18 (P<.001) >A (P<.001) -

Girls 

12 >C (P< . 001) * 
13 >C (P< .001) - -
14 (P< .001) >A (P< . 001) -
15 >C (P<. 0 1) - A>C (P< . 01) 
16 )C (P< . 001) - A>C (P< . 001) 
17 >C (P<. 01) - >C (P< .001) 
18 >C (P< . 01) - A>C (P< .05) 



Age itc v. ite v. Coloured v. 
(yr) Coloured ric African 

~ 

12 ( 

13 - ... 
14 .... - -
15 ... W>A (P<. 05) C>A (P<. 05) 
16 ) (P< . 05) C>A (P< . 05) 
17 - >A (P< . 001) C>A (P<. 01) 
18 - W>A (P< . 01) C>A (P< . 001) 

Girls 
12 - * * 
13 ... * ,:,c 

14 ... -
15 - -
16 ... 
17 - -
18 ... - -



e 
(yrs) 

~ 

12 
1 
14 
15 
16 
17 
18 

Girls 

12 
13 
14 
15 
16 
17 
18 

Table AS . First inter-raci 1 compari on of 
South African chil en : sit-ups 

ite v. ite v. Coloured v . 
Colour d African frican 

>C (P<. 01) ... 

)C (P< . 001) >A (P<. 001) C> (P< . 05) 
'>C (P( . 001) > (P< . 001) C> (P<. 001) 
• )C (P< . 001) >A {P< . 001) C>A (P<. 001) 

(P<. 001) > (P< . 001) C>A (P<. 001) 
(P< . 001) > (P<. 001) C> (P<. 001) 

>C (P< . 001) T>A (P<. 0 1) C> (P< . 001) 

(P<.001) * 
(P<.001) * 

>C (P<. 001) 
{P<.001) > (P< . 001) C>A (P<. 05) 

>C (P< . 001} ) (P< . 001) -
- >A (P<. 001) C> (P<. 01) 

- > (P<. 001) C> (P<. 01) 



1te v. ite • Coloured v • 
(yr) Colour African frican 

~ 

12 * 
,., 

13 r ( <. 001) - -
14 >C ( <.05) ) (P<.05) -
15 >C P(. 001) > (P<.001) 
16 - - -
17 W>C ( <.001) >A (P(.01) -
18 >C ( <.001) .?> (P<.01) -

Girl 

12 -
13 -
14 C> (P<. 01) - -
15 C> ( ( •. 01) 1> (P< . 001) C> (P< .001) 
16 >A (P< . 001) C>A (P< .001) 
17 - l'> (P< . 01) C> (P< .01) 
18 C> (P<. 05) > (P< . 05) C> (P< . 001) 



Tabl AlO. 

Ag ite v. ite v. Coloure v. 
(yrs) Colou Afric African 

~ 
12 
1 )C (P<.001) >A (P< . 05} -
14 )C [P<.001) ) (P<. 001) C> (P<.05) 
15 >C (P< .001) >A (P< . 001) C>A (P<. 05) 
16 )C (P< . 001) >A (P< . 001) C>A ( <.01) 
17 )C (P< . 001) > (P<. 001) C>A (P< . 01) 
18 )C (P<. 001) W>A (P<. 001) -

Girls 

12 -
13 C> (P< . 05) 
1 C> (P<. 05) - .. 
15 C> (P<. 001) >A (P< . 001) C>A (P<. 001) 
16 - >A (P< . 001) C>A (P< . 001) 
17 C> (P<. 05) > (P<. 001) C>A (P<. 001) 
18 - '>A (P< . 01) C> (P<. 001) 



Tabl l . 

e ite • it ·v . Coloured v. 
yrs) C lour Afrie Afric 

!l2z!. 
12 - * 
13 )C (P< . 001) > (P< . 01) C>A (P< .05) 
14 )C (P< . 001) > (P<:001} C> (P( •. 001) 
15 >C {P<. 001) > (P< .001) C> (P<.05) 
16 - ) (P<~OOl) -
17 - '> C <. 01 > -
18 >C (P< . 001) >A (P< . 001) C>A (P<. 01) 

Girl 

12 ,c (P<.05) 
13 * 
14 )C (P< . 01) >A (P< .001) C>A (P< .01) 
15 )C (P<. 001) ) (P< . 001) C>A (P< .001) 
16 >C (P< . 001) >A (P< .001) C>A (P<. 001) 
17 W>C (P< . 001) > (P<. 001) C>A (P<. 01) 
18 >C (P< .01) >A ( <. 001) C>A (P< .. 05) 



Tabl Al2 . Fir t inter..-r cial comparison of South African 
children : oftb 11 throw for distanc 

e it v. it v. Coloured v. 
(yrs) Coloured Afric African 

~ 

12 - * 
13 >C (P< . 001) > (P< . Ol) -
14 >C (P<.001) ) (P< .05) 
15 >C (P< . 001) >A (P< . 01) -
16 )C (P<. 001) >A (P<. 001) 
17 (P< .001) >A (P<. 001) -
18 >C (P<.001) >A (P< . 001) -

Girl"" 

12 C> ( <. 001) * 
13 C>W (P< . 001) * 
14 C>W (P< . 001) C>A (P<.05) 
15 C> (P<.001) > (P< . 05) C> (P<. 05) 
16 C> (P<. 001) ) (P<.001} -
17 C> (P< . 001) A> • (P<. 001) -
18 C> (P<,.0 l) A> (P< . 01} -



Tabl Al3 . 

ge rlhite v. Colour v . 
(yrs) Coloure Afr'can 

~ 

12 -
l (P<. 01} > { (.05) C> (P< . 05) 
14 - ~> (P<. 1) C>A (P<. 001) 
15 , r (P<. 001) > ( <.001) C> (P< . 001) 
1 >C ( { . 001) > (P<.001) C>A (P<. 001) 
17 >C (P<. 001) > ( < 01} C>A (P<. 001) 
18 :>C {P< . 001) >A (P<.001) C>A (P< . 001) 

Girl 

12 - ~ *' 
13 >C (P<. 05) * 
14 )C (P<.05) .. ... 
15 >C (P<.05) >A (P<. 001) C>A {P<. 001) 
16 - ) (P< . 001) C>A (P<. 001) 
17 - >A CR:. 001) C>A (P<. 001) 
18 - >A (P<. 001) C> (P<. 001) 



Table Al4. 

Ag (years) Boys Girls 

12 S>B (P<.001) S>B (P< . 01) 
13 - S>B (P<. 001) 
14 B (P< .05) 
15 B (P<. 01) -
16 B>S (P<. 1) -
17 * 

Table AlS. International eo eari on of South Afrie 
and British children : weight 

Age (y rs) Boys Girls 

12 S>B (P<. 01) S>B 
l - S>B 
14 B>S (P<. 001) 
15 B>S (P( . 01) 
16 B ( <. 05) 
17 -
In able Al4- 22: 

S = South frican 
B = ritis 
- = no significant difference 
* = d t not il le 

(P<. Ol) 

(P< . 01) 

-
-
-



T le Al6. International £0li!P<lrison of South African 
c1ild}:"en : EU~f-YP ( oxs) 

and • 'fied pull-ur;m (9irls) 

Age {ye r.s) ys Girls 

12 - S>B (P<. 001) 
13 .... S>B (P<. 001) 
14 S>B (P<.001) S>B (P<. 001) 
15 S>B (P<.001) S>B (P<. 001) 
16 S>B (P<. 001 ) S)B (P<. 001) 

17 S>B (P<.001) >: 

• 
able Al 1 International c parison of South Afric 

and British children: sit-pps 

(years) Boy . Girls 

12 (P< . 01 ) S>B (P<. 001) 
13 >B (P<.001) S>B (P<.001) 
14 S>B ( <.001) S>B (P<. 001) 
15 S>B (P<. 001 ) S>B (P<. 001) 
16 S>B {P<. 001) -
17 S>B (P<. 001) 



T .African 

s) ys Girls 

12 S>B (P<.001) S >B (P<.001) 
13 S>B (P<. 001) S>B (P< . 001) 
14 S>B (P<.01 ) S>B {P<. 1) 
15 "">B (P<.001) S>B ( <.05) 
16 - B (P<. 05) 
17 * 

. le Al9. rican 

e ( years) Boys Girl 

12 - S>B ( <. 01) 
13 S>B (P< . 001) S>B ( (.01 ) 

14 >B (P<. Cl) -
15 S>B (P< . 01) -
16 -
17 S>B (P<.01) "': 



Table A20. 
and British children: SO-yard dash 

Ag ) oy Girls 

12 S>B ( <.OOl) S>B (P< . 001) 
18 S>B (P<. 001) S>B ( <. 001) 
14 S>B (P<. 001) S>B (P<. 001) 
15 S>B (P<. 001) S>B (P<. 01) 
16 -
17 -

Table A21 . 

for distanc 

Age (years) Boys Girls 

12 S>B ( (.01) S>B (P<. 001) 
13 S>B { <.001) S>B (P<. 001) 
14 . >B (P( . 001) S>B (P<. 01) 
15 S>B (P<. 001) S>B (P<. 001) 
16 S>B (P<.001) -
17 S>B (P<. 001) * 



Table 22 . Intemation cgmparison of South African 
d ritish chi:t.dren : 600-y rd !'Un-walk 

e (year~) oys Girls 

12 S>B (P<.0 1) S>B (P<~OOl) 
l S>B (P< . 001) > { <. 001) 
14 S>B (P<. 001) >B (P< .01) 
l S>B { <. 01) S>B (P<. 05) 
16 -
l'l -
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Observations 011 the Hcirvard Step Test 

E. N. K Ef'.:N AND A. W. SLOAN. From //,e Deparlmcnls of Analomy a11d l'liysi­
olnr.y, U11h•crs·ily uf Cape T,r;. ,,11 , Cape To,m, Sou//, Africu 

.-\BSTR _-\.CT 

KEEN, E. N. AKD r\. W. SLOA:-1. Obscrvatio11s 011 Ilic Jlarv,ml step test. J . 
. ·\ppl. Ph ysiol. 13 (2): 2 . .p- 24-3. 1958.- The H arm rd step test was applied 
to two groups of healthy young men, one consisting of med ica l students and 
the other of physical edu cation students. The fitn ess index, as calculated 
from the results of I.he test, \\·as not significantly correlated with s t,11.ure, 
weight, length of leg, or bi -iliac diameter, but inverse corrcbt.ion 11·i th the 
.resting pul se rate was highly significant. The physical education students, 
who \Yere all und ergoing rout.inc physical training, had higher fitness indices 
am( 1?:."cr res ting pubc rates than the medical students . 

.... -

Tm : HA Rv-:-\R~ step test, d~vised during 
\\·oriel \\'a r II and used for the selection 
of comba L officers, has since been ex­

tensively applied as a ·men.sure of physical 
efiiciency. The test involves steppi ng onto 
and down from a platform 20 inches high , 
30 Limes a minute for 5 minutes , or until the 
subject is unable lo continue (1). The pulse 
rate is counted during the periods, 1- 1}i, 
2-2~i and 3- 3H minutes aft.er the exercise is 
completed . An arbitrary fitness index is then 
calculated, which is directly proportional lo 
the dura Lion of exercise and inversely to l he 
sum of the pos t exercise pulse counts, as 
follows: 

fitness index 

duration of exercise in sec. X 100 

2 X sum of three i min. pulse counts 

An index of less than 55 is considered poor, 
55- 64 is low average, 65- 79 is high a,-crage, 
80-89 is good and over 90 is excell ent (2) . 

So simple a test has naturally aroused much 
interest and has provoked lively di snission, 
much of which is directed .to seek ing factors 
other than physica l clliric:ncy which may in­
flu ence the results. The: form of th e test has 
been criti cized , as has the basis of cakulation 
of the fitn ess index. · 

Our own interest was firs t directed to the 
possible influence of sta I ure and leg Ieng! h on 

, 
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th e ease with which subjects mount ll'hal is, 
after all, a step of considerable height_ We 
found, when the lest was iplrocl~tced .- into a 
practica l physiology ; cours·e: Ih :tl Ll ie Lall, 
long-legged studen ts seemed Lo have less 
diflicully than th eir shorter fell ows. Theore ti­
ca l propositions to justify such a beli~f are 
not diffi cul t Lo construct. \\'e investigated also 
the significance of other pa rameters, which 
have been claimed lo influence th e result s of 
the test. 

EXPE lUarE1\TA L 

Our subjects were 75 healthy young men, of 
whom 51 were medical st.uclents and 24 \\'ere 
students of physical educa tion. Th eir ages 
ranged from 17 to 27 years. 

We measured stature, \Yeighl , leg length 
(as measured by the heiglll of the ili ac crest 
above the grou nd ), bi-iliac diameter -ind rest­
ing pulse, in addition to the 1,ost exercise pulse 
as described abo,·e._ Th e rcsting pul s.c ll'aS 
lalculated ·in beats per min t1le from the sum 
of three ;:i-minute counts taken \\'ith the su lJ­
jcc l seated before commencing the exercise. 

The subject th en stepped unto and down 
fro1na stonl 20 inches high , 30 limes a minute 
in trme ,1·ith a metronome for 5 minutes, or 
unt d he \\':t S exha us ted . R ubber-soled plimsoll ,; 
were

1 
,rnrn a nd the subject \\'as allowed to lead 

ofT ,l· ith either fool and to change step if he 
wishrd to do so. The fitness index \\'as calcu-
latec as described above. · 
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RESULTS 

Five medical students were excluded from 
the series because they were unable lo keep 
proper time or because they paused during 
the tcsl. Two students of physical education 
were excluded because they had performed 
the test barefool. The figures for the rema in­
ing subjects arc given in tab! 1. 

By a strange coincidence l e mean stature 
and leg length in the two grou1 s were the same. 
Stature, weight, leg length a cl bi-iliac diam­
eter showed no correlation ,,. th the result s of 
the step test in either group or in the series 
as a whole. In contrast t these negative 
ftndings, the resting pulse ra e showed a high 
correlation with th e post ex rcisc pulse rate 
and so inversely with the Jitn ss index, except 
in the cases of those stuclen s who failed lo 
complete the 5-minule excr isc of the step 
lcsl ( table 2). 

Twenty-two of the medica students in the 
series failed lo complete the 5 minute exercise, 
whereas all the students of pl ysical cduc,t tion 
completed this period. Even excluding those 
medical students who failed lo complete the 
test, the physical education students still 
had much higher scores than the remaining 
medical students, the difference being highly 
significant (means 85.6, 73.5; P < 0.001). The 
physica l educa tion · students had al so a lo,,·er 
mean resting pulse rate than the medical 
students who completed the lest (means 74,4, 
84.7; P < 0.01) and a lower ausolute pulse 
incrcasc1 (mea ns 44.5, 51.7; P < 0.02). In 
contrast to this the ratio of absolute pulse 
increase lo resting pulse was almost identical 
in the two groups (mean ratio 0.61 for physical 
educa tion students and 0.62 for medical stu­
dents). 

DJSCUSST01' 

Seltzer (3) in an investiga tion of avi a tion 
cadets and coll ege students found no rel ation 
between absolute stature or leg length and thr 
fitn ess index obtain ed Ly th e step test. 

1 Resting pulse rates ll'C re calculated in bcats/.111in . 
from three X-min . readings at X- rnin . intcn·als before 
the exercise. Post e~erci~c pulse rates ll'erc similarly 
calculatccl in beats/min. from the read ings taken 1- 1X, 
2- 2X, and 3- 3X min. after the exercise. Absolute 
pulse increase is the difference bcl\\'ccn post exercise 
and restii.g pulse rates. 

TABLE I. PH,S CC.\ L CH.\RACTERISTICS 

i\Cean S.D. Range 

A. .;6 .\[edicat Sludc11/s 

Stature, cin 176 .6 5 . 7 164- 188 
\\'eight, kg 68.3 8 .3 53 .4-86.2 
Leg lengt h, cm J07 .4 4.3 97- 120 
Bi-iliac diam. , cm 28.5 1.4 25.7- 31.6 
Resting pulse, 

(beats/min.) 83.5 I2.I 61- 117 
Fitness index 62.o 15.7 24- 81 

B. 22 Physical Ed. Sludc11/s 

Stature, cm 176.6 4.0 169- 184 
Weight, kg 75 · I 8.o 63.6- 94.0 
Leg lengt h, cm 107.4 2.9 103- r 16 
Bi-iliac dia m., cm 28.8 1.0 27 .3- 30.4 
l<esting pulse, 

(beats/min .) 74.4 9.3 62- 96 
Fitness index 85.6 IO . 2 70-106 

TATILE 2. CORRELATION RATCOS OF FITNESS INDEX \VITI! 

RESTING l'ULSE 

No. of Significance 
Group Subj. Ratio p 

Phys. ed. students 22 -0 .59 <o.or 
l\Ied. students \\'ho 24 -0 .60 <0.01 

comp!. 5-min. 
cxer. 

:\Icd. students ll'ho 22 -0.20 Not signif. 
did not comp!. 5- > 0.3 
min. cxer. 

All comp!. 5-rnin. 46 -0.65 <0.001 
cxer. 

\\ 'hole group 68 -0.36 <0.01 

Cullumbine (4) obtained similar resu lts in an 
extensive survey of young Ceylonese subjects. 
However, Gallagher and Brouha (5) and 
Johnson el al. (6), in order to obtain com­
parable result s in different .groups of boys, 
found it necessa ry to use a lo\\'er step for the 
smaller boys; an arbitrary division was made 
al a surface area of 1.85 rn\ an 18-inch step 
being provided for boys smaller than this. The 
better pe rform ance of th e larger boys may 
have been related lo greater physica l capacity 
for exe rci se, irrcspcc tiYe of s tat ure, but the 
point docs not seem to haYc been exa mined. 
\\ 'ck! (2) routinrly employed an 1S-i nch step 
for boys and for \\'omen. Cullumbinc (7) used 
a 15-inch step for boys under 14 years of age 
and for all female subjects. 

The result s of the present study fail lo 
jus tify any lowering of the step for shorter 
adult men. Body weight \\'as another fa c tor 
which, in our series, was not correlated with 
the fitness index; this contrasts with the finding 
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by Reedy and Saiger 
attained significantly 
heavier men. 

(8) Llrnt lighter men 
higher scores than 

We failed to substantiate a correlation be­
tween bi-iliac diameter and fttness index es­
tablished by Cullumbine (4) on what was, 
admittedly, a much larger series of observa­
tions. 

Another point of dispute is the significance 
of the resting pulse rate in relation to physic:.! 
fitness. Gall agher and Brouha (5) found that 
the resting pulse showed no co rrelation with 
the fitness index, whereas Cogswell el al. (9) 
and Cullumbine (10) sho1Yed that a low rest ing 
pulse is associated with a low post exercise 
pulse and a correspondingly high fitness inde.,. 
Our findings support this I alter view. 

The close negative correlation between 
resting pulse rate and .f~11ess index raises 
several ques_t ious. ·Fot i11stance, is the corrrb­
tion sufficiently close for us to abandon the 
step test and rely merely on the resting pulse 
rate as an index of physical fitness? We believe 
with Cogswell el al. (9) that this is not so, but 
that both should be recorded, although they 
may indicate difJerenl aspects of physical 
fitness. For example, the physica.l education 
students had a significantly higher mean fitnes~ 
index and a significantly !01Yer mean resting 
pulse; this cou ld be due lo individuals with 
inherently slow pulse rates selecting physical 
education as a career, or to intensive training 
l01Yering the resting pulse. Cogswell el al. (9) 
found no progressive decrease in the resting 
pulse rate \\',ilh training, although the fitness 
index rnse steadily. 

Cullumbine (11), on the other hand, be­
lieved that the resting pulse is influenced by 
specialized training. If \\'e accept the view that 
rest ing pulse rate is related to fJtness, then 
what can we deduce about t1\·o subjects who 
have the same fitness index but different rest-

ing pulses? Should we say that the one with 
the lower resting pulse will be capable of 
greater improvement with training than the 
other? Alternatively, if two subjects have 
similar resting pulse rates but different fitness 
indexes, is the one with the lower index in 
poorer training than the other? Further in­
vesliga lions are in progress in an allempl to 
answer these questions. 

Finally, the value of the test as an indication 
of physical fitness for strenuous exertion is 
shown by the much better performance of the 
physical education st udents than the medical 
students. The physical education s tudents 
were all undergoing systematic physical train­
ing and it is reasonable to assume that they 
were filter than the medical students and that 
the clifTerence in fitness of the two groups 
shown by t!te test \ras a real difference in ca­
pacity for strenuous physical exertion. 

\Ve are indeutcd to Professor .\L J. Pollard and :'IIr. 
] . N. Darroch of the Department of ?llalhemalics, 
University of Cape '{o,rn, for~help 1filh tl;e sta tistical 
analysis, to .Mr, C. J ., Ac~ernian fpr 'providing facilities 
at Paarl Training College and to the C. L Herman 
Researc h Fund of the University of Cape Town for 
financia I support. 
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THE HARVAR D 

PHYSICA L 

ABSTRACT 
The Harvard step test is a simple tes t of physical 

fitness for strenuous muscular exercise. It requires 
no special skill on the part of the subject and it 
may be applied, with appropriate modifications, to 
healthy children, adolescents, or adults of either sex. 
The "fitness index" calculated from this test is 
useful in the allocation of individuals to duties 
within their physical capacity and in the assessment 
of response to physical training. The fitn ess index 
is not related to height, weight, length of leg, or 
width of pelvis but subjects with a slow resting 
pluse tend to have a high fitness index. 

ASSESSME T OF PHYSICAL FITNESS 

Men have always been interested in phy­
sical fitness. For more than 2,000 years 
athletes have sought in competitive sport to 
excel the performance of their fellows. At a 
lower level than this it is useful in various 
activities to have some means of assessing 
physical fitness for strenuous exertion. 

Gallagher and Brouhal, 2 considered phy-
sical fitness in three categories, viz., 

(1) Static or medical fitness 
(2) Functional or dynamic fitness 
(3) Motor skill s fitness. 

Static fitness is merely the absence of any 
disabling deformity or disease; it is assessed 
by routine medical examination. Dynamic fit­
ness is the ability to perform strenuous phy­
sical work involving large muscl e groups. 
Motor skills fitness is the ability to perform 
•Presented at the Lourenco Marques Congress of the 
Association, July, 1958. (Accepted for publication 
20 September, 1958). 
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S TEP TEST OF 

FI TNESS "' 

A. W. Sloan and E. N . Keen 

particular coordinated movements, such as 
those involved in swimming or jumping. 

In the selection of individuals for hard 
physical work a test of dynamic fitness is of 
particular value. Medically unfit individuals 
are excluded ab initio and those lacking a 
particular skill can usually be taught to 
acquire it ; the limiting factor then becomes 
the capacity of the heart and lungs to main­
tain the body in a state of sustained muscular 
activity. A test of dynamic fitness should 
subject large muscle groups to stress in such 
a fashion that the subject's capacity for exer­
cise. is limited by circulatory and respiratory 
embarrassment rather than by fatigue of the 
muscles concerned. Ideally the test should be 
so severe that about one-third of the subjects 
fail to complete it3; a more moderate test 
may fail to distinguish the fit from the les~ 
fit. 

THE H ARVA RD STEP TEST 

The Harvard step test, developed in the 
Fatigue Laboratory of Harvard University, 
fulfil s these criteria4. The subj ect works at 
a constant rate which is proportional to his 
body weight, large muscle groups are in­
volved, and the exercise requires no unusual 
skill. Another advantage is the simplicity of 
the apparatus required, only a rigid stool , 
platform, or bench 20 inches high and a 
stop-watch. 

Mnv 1959 ' 
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Briefly the technique of the test is as 
follows. The subject steps up and down from 
a 20-inch platform 30 times a minute for 5 
minutes or until fatigue compels him to 
desist. Immediately after the exercise he sits 
down, and his pulse rate is counted for the 
periods 1-lt 2-1, and 3-3i minutes after the" 
exercise. The fitness index is then calculated 
as follows: 

Fitness index = 

Duration of exercise in se­
conds X 100 

2 X sum of the 3 pulse 
counts during recovery. 

On the results of the test, individuals are 
arbitrarily classified into several categories: 

Fitness index < 55 -poor 

" 
55-64 -low average 

" 
65-79 -high average 

" " 
80-89 -good 

" " > 89 --excellent 

Brouha et a{.4 found that the average for 
Harvard students was 75; for athletes, irres­
pective of the form of athletics practised, the 
mean fitness index exceeded 90. , 

The height of the stool and rate of step­
ping are such that a fair proportion of 
normal subjects fail to complete the period 
of 5 minutes. A disadvantage of the test is 
that it depends on willingness as well as on 
fitness but, by appropriate exhortation, most 
subjects can be induced to continue the test 
for 5 minutes or until stopped by physical 
exhaustion. 

The reason for counting the pulse rate 
during three periods after exercise is theo­
retical3. The curve of pulse rate for the first 
10 minutes of recovery is found to fit an ex­
ponential equation and can be drawn when 
any three values are known. Gallagher et al.5 
found that fitness indices calculated from 3 
heart ' rates during the first 3f minutes after 
exercise on a bicycle ergometer agreed closely 
with those for which the third reading was 
taken 1 or 2 minutes later. Hence there is no 
advantage in taking the final pulse reading 
any later than 3f minutes after cessation of 
exercise; much time would be wasted if later 
readings were taken on many subjects. 

The amount of work performed and the 
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arbitrary correlation of duration of exercise 
with post-exercirn pulse rates in calculating 
the fitness index have been criticised6. Some 
authors employ a lower step7, s. Others pre­
fer to allocate an arbitrary fitness index on 
the basis of time of exercise alone to those 
who fail to complete 5 minutes 4, 9. We see 
no reason to believe that the original method 
of calculating fitness index, though arbitrary, 
is less precise than the modifications pro­
posed. 

COMPARISON WITH OTHER TESTS 

Some investigators have compared the re­
sults of the Harvard step test with those of 
other tests on the same groups of subjects 
and with other measurements of physio­
logical capacity. SeltzerlO found good agree­
ment between fitness indices calculated from 
the Harvard step test, the Harvard pack test, 
and a treadmill test. Cogswell et al.11 ob­
tained similar results with the step test, a 
treadmill, and a bicycle ergometer. Hodgson 
et a[.12 tested women students of physical 
education with the Harvard step test with 
maximal stepping on to a 12-inch stoo'i, and 
with running 50 yards and 200 yards; they 
found that the capacity to perform these tests 
bore little relation to the physiological 
responses involved, such as heart rate and 
rate of oxygen consumption. Cullumbine13, 
in an extensive survey of physical fitness in 
Ceylon, used the Harvard step test, the en­
durance step test, the exhaustion step test, 
a weight-lifting test and a speed test; he 
found that the ability to perform these tests 
was influenced by environment, race, and 
sex. Cullumbine and Williams14 found no 
correlation between the fitness index for mo­
derate exertio11 (Harvard step test) and the 
endurance indices for severe exercise. 
RyhmingS found good agreement between the 
post-exercise pulse rates with a less strenuous 
step test and with equiva lent work performed 
on a bicycle ergometer. 

Hodgson et a[.12 found that fitness index 
calculated from the Harvard step test showed 
little relation to rate of oxygen consumption, 
ventilation or resting heart rate. Cullumbine 
and Williams14 found no significant relation 
between the fitness index and vital capacity, 
breath-holding time, or expiratory force. 

Suid-A/rikaanse ]oernaal vir Wetenskap 



APPLICATIONS 

During the Second World War the Harvard 
step test was used in the selection of combat 
officers4. Since the war the original test or 
some modification of it has been applied to 
athletes 14, 15, lumbermen 16, soldiers 6, 17, 
aviation cadets10• students7, s, 10, 12, 15, 1s, 1~, 

boys 5, 9, 20, and girl s21 . 

Cullumbine15 obtained significantly higher 
fitness indices for students who were track 
athletes, boxers, or weight lifters than for 
other students Keen and Sloanl9 found sig­
nificantly higher fitness indices for students 
of physical education than fo1 medical stu­
dents. Reedy and Saigerl 7, testing military 
recruits, found that individuals above a cer­
tain body weight had a lower fitness index. 
lnsull et al.6 showed rapid improvement in a 
group of soldiers when the step test was re­
peated three times a week. 

For testing women or children a lower 
platform is usually employed. Hardy et al.18 
used an 18-inch step for women, and Gal­
lagher and Brouha21 used a 16-inch step 
for school girls; in both these investigations 
the duration of exercise was reduced to 4 
minutes. Ryhming8 used a 33 cm. step for 
women and reduced the rate of stepping to 
22.5 steps per minute. Cullumbine15 rou­
tinely employed a 15-inch step for boys under 
14 and for all fema le subjects. For testing 
schoolboys, Gallagher and Brouha20 and 
Johnson et al.9 used an 18-inch step for those 
whose surface area was less than 1.85 sq. 
metres and a 20-inch step for the larger boys. 

RELATION TO ANTHROPOMETRIC 

MEASUREME TS 

Fortier16 found that a high shoulder/hip 
ratio was significantly related to a good step­
test result. Cullumbine22 found that the fit­
ness index was significantl y related to the 
bi-iliac diameter and to the ratios, bi-iliac 
diameter/ height and chest circumference/ 
height. In our seriesl9 we found no relation­
ship between bi-iliac diameter and fitness 
index. 

In our investigations of young adult men19 
we found that neither height nor length of 
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leg nor weight was significantly related to the 
fitness index as determined by the Harvard 
step test. In such a group there seems to be 
no justification for varying the height of the 
step for subjects of different stature. The 
weight factor might have been significant in 
our series, as in that reported by Reedy and 
Saigerl 7, had some of our subjects been 
obese, but such was not the case. 

RELATION TO PHYSICAL TRAINING 

We found that a group of physical educa­
tion students, though not differing signific­
antly in anthropometric characteristics from 
a corresponding group of medical students, 
had a much higher mean fitness index than 
the medical students (P < 0.001). Like 
Cullumbine23 we found a significant correla­
tion in each group between a high fitness 
index and a low resting pulse. In other words 
a pulse which is slow at rest tends to remain 
slow after exercise. 

Previous investigators have noted the high 
fitness index of athletes4, 15 and that the fit­
ness index rises with training 11, 24. The slow 
resting pulse rate of trained athletes is also 
a matter of common knowledge25, 26, 21. 

There is however no general agreement as to 
whether this slow pulse rate is inherent in 
those who undertake athletics or is the result 
of training. Cogswell et a[.11 found no pro­
gressive decrease in the resting pulse rate 
with training but Cullumbine28 considered 
that specialized training and a careful regime 
were factors of major importance in their 
influence on the resting pulse rate. 

At present we are studying the effect of 
training on the fitness index and the resting 
pul se rate of rugby players and of oarsmen. 

CO CLUSTON 

In conclusion we recommend the Harvard 
step test as a simple and practical test of fit. 
ness for strenuous physical work. It has 
proved its value in the selection of individuals 
for such activity and it should prove its value 
also in the assessment of individual response 
to systematic physical training. 

May 1959 
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SLOAN, A. vV. AND E. N. KEEN. Physical fitness of oarsmen and 
rugby players before and after training. J. Appl. Pl1ysiol. 14(4): 
635-636. 1959.-Resting pulse rates and fitness indexes by 
the Harvard step test were ascertained in I oo healthy male 
University students. The subjects included members of the 
University rowing and rugby clubs, who were about to undergo 
systematic training, and a third group of students not engaged 
in any such activity. The observations were 'r'¢peated on 58 of 
the students after a period of 2- 4 months. Tl\e mean resting 
pulse rates of the three groups " ·ere nor originally significantly 
different but after training the pulse rate wa_s significantly 
lower in the athletic groups than in the control:j .. At the begin­
ning of the training period the oarsmen and tugby players 
already had higher fitness indexes than the controls and there­
after they showed significant improvement with, training. A 
significant negative correlation between resting pulse rate and 
fitness index was found only in the athletic groups. 

JN A PREVIOUS INVESTIGATION of physical fitness (1) 
we found a highly significant inverse correlation between 
resting pulse rate and fitness index: in students who 
were able to complete the full 5 minutes of exercise for 
the Harvard step test. The fittest group of students had 
the slowest mean resting pulse rate but we were unable 
to decide whether this slow pulse rate was a manifesta­
tion of inherent capacity for strenuous muscular work 
or was the result of physical training. In this paper we 
report the effect of physical training, on both resting 
pulse and fitness index: in oarsmen and rugby players. 

EXPERIMENTAL PROCEDURE 

Our subjects were roo healthy young men, aged r 7-24 
years, in the following three categories: 

Rowing club 
Rugby club 
Controls 

35 subjects 
45 subjects 
20 subjects 

Received for publication October 16, 1958. 
1 Financial support given by the C. L. Herman Research Fund of the University of Cape Town. 
2 Present address: Department of Anatomy, University of Natal, Durban, South Africa. 

The controls were medical students who were not 
undergoing systematic training for any sport although 
some of them played games such as golf, tennis or squash 
racquets. 

Resting pulse rates were counted and the Han·ard 
step test was performed, as in our previous im·estigation 
(1). The subjects were tested first at the beginning of 
the academic year and the tests were repeated after 
2-4 months, during which the members of the rowing 
and rugby clubs had been undergoing systematic 
training for their respective spores. Most of the members 
of the rowing club were new to the sport but most 
members of the rugby club had played during the 
previous season. 

A considerable number of subjects dropped out of the 
investigation after the first test. Eight members of the 
rowing club gave up rowing before the second rc,ts ,,·ere 
due and three failed to return for a second tesc. Four 
members of the rugby club stopped training and ro 
were incapacitated by illness or injury before the second 
tests were due; 13 failed to attend for the second tests, 
the dates of which unfortunately coincided ,,·ith Uni­
versity examinations. Those rugby players who, for 
various reasons, did not perform a second test represent 
a fair cross section of the group on the basis of physical 
fitness and resting pulse at the first test. Only four of the 
controls failed to return, one of them as a result of injury. 

RESULTS 

Table r shows the resting pulse rate and fiu1ess index 
in each of the three groups at the beginning of the 
investigation. Analysis of varianc<? revealed no sig-nifi­
cant difference in resting pulse rate between the three 
groups but the rowing and rugby groups had signifi­
cantly higher fitness indexes than the control group 
(P < .oor). There was no significant difference in 
fitness index between rowing and rugby groups. 

Table 2A. shows the resting pulse rate in the members 
of each group who completed both tests. In every group 
the resting pulse rate was significantly slower at the 
end of the period of investigation than at the beginning 
but, at the end of the period of training, it was signifi-



TABLE r. Init ial R esting Pulse Rates and Fitnel,°'Jndexes 
Group; No. 
. Subj. 

Rowin g ; 35 
Ru gby ; 45 
Control; 20 

Resting Pulse, 
Beats / Min. 

79.5::!:14.4 (46-106 ) 
79 . 1::!: 12 .o (62- 109 ) 
84.8::!:10.1 (69-107 ) 

Fi tncs~ Index 

80.2::!: 12.o (40-106) 
75 .o::!: 13 .5~(42- 103) 
56.0::!:19.9 (~5- 88 ) 

Values are m eans ::!: S.D. Range in p a renthesis. 

camk slo\\'er in the athletic groups than in the c:ontrols 
(P < . . oo r ) . • 

Table 2B sho\\·s the fimcss index in the m enibcrs of . . 
each group who completed both tests. The rise in fimcss 
index in rowing and rugby groups during the training 
period was highly significant, whereas 110 significant 
change occurred in the control group. 

Comparing the changes in resting pulse rates and 
in fitness indexes in the three groups during the period 
of im·cstigation we find that the fall in resting pulse 
rates in the rowing and rugby groups was not signifi­
cantly greater than the smaller fall in the control group 
but the rise in fitness index in the rowing and rugby 
groups was significantly greater th ~n that in the control 
group (P < .or ) . There was no -,:tgnificant difference 
in this respect between oarsmen and rugby players. 

'Each group was funher analyzed ·to ascertain whether 
there was any correlation between · low resting pulse 
rate and high fitness index, which dep.cncls on low pulse 
rates after exercise. In the oarsmen, tl1is correlation was 
highly signific.ant both before and after training. In 
the rugby players, the correlation jusr failed to ·reach 
significance before training but was significant after 
training. In the cornrol group, neither at the beginning 
nor at the encl of the period of investigation was there 
any significant correlation between resting pulse rate 
and fitness index. 

D I S C U S.S I O N 

There was no significant difference in physical fitness 
as shown by the Harvard step test between the oarsmen 
and the rugby players either at the beginning or at the 
end of the period of investigation but both these groups 
had consistently higher mean fitness indexes than the 
control group. It may be assumed that individuals · 
proposing to rake part in these active sports take steps 
to keep themseh·es- physically fit, but it is interesting to 
note that their resting pulse rates were not significantly 
lower than those of the control group. 

The significant fall in mean resting pulse rate of the 
controls at the second test requires some explanation. 
The subjects, ,\,ith no previous experience of the test, 
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TABLE 2. Change in Rrsti11g Pulse and in Fitness Index 

Group; Xo. Subj.I Initial Fin a l I S.D. of / Ran~e of I i Change Change 

Rowing; 24 
Rugby; 18 
Control; 16 

I 
A. R,•sting Pulse 

l78.8±13.8i71.5::!:9.2 l::!:11 .2 j- 28-+16\ 
!;;.6±12.366.8::!:8.4 ::!:13.41-43-+8 ! 
l8ti. 2::!: 10.4'80.4:d: IO .:.I \ ::!:8. rl - 20-+ IO 

B. Fit11,ss Index 

Signif. of 
Change 

p < .01 
p < .01 
p < .05 

Rowing; 24 
Rugby; 18 
Control; 16 

·81. I=:= l 2 .6

1

9: .8::!: l l ·4\. ::!: l O. 71 -9-+441 p < .001 
181.3:::::13. I 92.~::!:11 -~,::!:11 .2, o-+46 p < .001 
158.4::!:17.859.6::!:15 .61 ::!:9.0, -8-+25 N.S. 
1 , 1.~~~~'~~~~ 

Values are Means ::!: S.D. 

may have felt apprehensive before their Grst attempt. 
Again, a change in environmental temperature may ha ,·e 
been involved; the tests were performed in an unheated 
room, most of the initial tests were made during the 
hot 111onths of February and March and the final tests 
during the cooler month of J unc. ,\I though the fall in 
resting pulse rate was not significantly gre;itcr in the 
athletic group the mean resting pulse ralt.:s of oarsmen 
and rugby players at the encl of 1hc im-cstigation \\-Cre 
significantly lower than that of the controls. This finding 
agrees with the obsen·ations of previous investigacors 
(2-5) that systematic physical training lowers the resting 
pulse rate. 

\Vith training, the fitness indexes rose significantlv 
in the athletic gr'oups . Such a rise in fitness indt.:x with 
systematic physical training has already been reported 
by other investigators (6-ro) . That this changt.: in our 
subjects was not due to other systematic factors is shm1·n 
by the absence of any corresponding change in the 
control group. 

A negative correlation between resting pulse rate and 
fitness index was found only in our athlet ic groups. 
This agrees with our previous observation that such 
correlation occurs only in relatively fit individuals. 
Elbe! et al. ( r 1) found such a correlation in a group 
of medical students but the high fitness index of their 
subjects (mean = 84) suggests that they correspond to 
the members of ·our athletic groups rather than to a 
cross-section of our student community. 

\Vhcreas both a low resting pulse and a high fitness 
index may be indications of physical fitness wt.: belic\·e 
that the fitness index is a more reliable criterion because 
less subject ro variation as a result of cxr.rancous factors 
and more closely related to\.the capacity for strenuous 
exertion. 

\Ve arc indebted to Mr. J. N. Darroch of the Dcp:iruncnt of 
Mathematics for help with the statistical analysis. 
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SLOAN, A. W. A modified Harvard step test for women.]. Appl. 
Physiol. 14(6): 985- 986. 1959.- The fitness indexes of two 
groups of healthy young women performing the Harvard step 
test on steps of various heights were compared with the fitness 
indexes of a corresponding group of men performing the test 
on a step of the standard height (20 inches). The closest agree­
ment with the results of the men was attained by women 
using a step 1 7 inches high. Not only did the mean fitness 
indexes correspond, but also the distribution of individuals in 
the several categories of physical fitness. 

P HYSICAL FITNESS has three main aspects ( r, 2). These 
are: static fitness (absence of disease), dynamic fitness 
(ability to perform strenuous work), and motor skills 
fitness. A popular test of dynamic fitne s is the Harvard 
step test (3). In this test, which was designed for adult 
men, the subject steps on and off a platform 20 inches 
high, 30 times a minute for 5 minutes or until he is un­
able to continue. The pulse rate is then counted for three 
Y2-minute periods, r- rY2, 2- 2}i and 3-3Y2 minutes 
after completion of the exercise. The fitness index (F.I.) 
is calculated from the duration of exercise and the post­
exercise pulse rates as follows: 

duration of exercise in sec. X 100 F.I. = ---------------
2 X sum of the three ~"2-min. pulse counts 

On the arbitrary standard adopted a fitness index of less 
than 55 is poor, 55- 79 is average, 80- 89 is good and go 
and over is excellent (4). 

In order to ascertain which height of step for women 
would give results corresponding to those obtained on a 
20-inch step by men, two groups of women were tested 
on different heights of step. Their fitness indexes were 
compared with those previously reported from a compa­
rable group of men using a 20-inch step (5). 

EXPERIMENTAL PROCEDURE 

The subjects for the fir t investigation were r 5 students 
of physiotherapy. All were healthy women in the age 
group of 1 7-2 r years. 

Each subject performed the test three times on dif-

Received for publication June 15, 1959. 

ferent days, once on a 20-inch stool, once at r 8 inches 
and once at r6 inches. The order of the tests was stag­
gered so that the effect of practice would not favor per­
formance at any particular height. The fitness indexes of 
the female physiotherapy students were compared with 
those of a group of 46 male medical students who per­
formed the test on a 20-inch stool. Forty-two of the men 
were in the same age group as the female subjects and 
the oldest was 2 7. 

Subsequently, r6 women medical students, aged r 7- 2 r 
years, were subjected to the test at heights of r 8 inches, 
r 7 inches and r 6 inches for comparison with the same 
group of men as before. 

RESULTS 

The fitness indexes of the groups of women and of the 
group of men with whom they are compared are sum­
marized in table 1 . The closest agreement in the first 
comparison was between women students at 18 inches 
and men at 20 inches, the mean for men falling between 
the mean for women at r8 inches and for women at 
r6 inches. 

In view of these findings the tests of the second group 

TABLE 1. Fitness Indexes 

Ht. of Mean S.D. of 
Subjects Step, in. F.I. F.I. 

46 Men medical students 20 62.o 15·7 15 Women Physiotherapy students 20 45.6 22.2 
18 58.0 18.4 
16 68.9 18.7 

16 Women medical students 18 54.9 16.4 
17 59.8 16.8 
16 69.8 13.8 

TABLE 2. Categories of Physical Fitness 

Ht. of 
Subjects Step, in. 

46 Men medical 20 
students 

15 Women physio- 20 
therapy students 18 

16 
16 Women medical 18 

students 17 
16 

Poor 
<55 
16 

II 

7 
4 
8 
6 
2 

Average, 
55- 79 

Good, 
>79 

2 2 

6 2 

8 3* 
7 
9 

IO 4 

* One subject came into 'excellent' category (F.1. 95). 
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of women were performed a t 1 8 inches, 1 7 inches and 

16 inches. Although the t test showed no significant dif­

ference between the fitness indexes of any of these three 

groups and the fitness indexes of men on a 20-inch step, 

the closest agreement was found at 17 inches. 
Each group was further analyzed to find the number 

of individuals whose fitness index fell into each of the 

main categories of physical fitness (table 2). The x2-test 

was applied to the two-way contingency tables obtained 

by comparing men and women medical students in the 

three fitness index categories: poor, average and good. 

For women at 18 inches this gives x2 = I. 193 with two 

degrees of freedom; for women at 17 inches the test gives 

x2 = 0.037 with two degrees of freedom; for women at 

16 inches it gives x2 = 2.860 with one degree of freedom 

(because of the gross discrepancy in this case it was sta­

tistically necessary to group average and good cate­

gories together). Since the 98 % point for x2 with two 

degrees of freedom is 0.040, there is no doubt of the 

excellence of the agreement between men tested on the 

20-inch step and women on the 1 7-inch, in spite of the 

small numbers tested. 

DISCUSSION 

The H arvard step test has the merit of simplicity. It 

is sufficiently severe to distinguish those capable of sus­

tained muscular effort from those who are not and 

sufficiently sensitive to demonstrate the improvement in 

dynamic fitness with systematic physical training (3, 4, 

6- 8). Since large muscle groups are used, the limiting 
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factor is usually cardiorespiratory embarrassment rather 

than local muscular fatigue. Within reasonable limits 

the fitness index does not depend on the weight, height, 

or length of leg of the subject (5, 9, 10). 
Although the test was originally devised for men, it 

has been a pplied to women by a number of investiga­

tors, most of whom have arbitrarily lowered the height 

of the step to 18, 16, 15, or even 1 3 inches for female 

su bj ects (4, 6, 11 - 13). Some have also reduced the 

period of exercise (4, 6, 1 1) or the ra te of stepping ( 1 3). 

Each such modification of the original test obviously 

necessitates a new set of values, however arbitrary, for 

interpretation of the r esults. 
The results of the present investigation show that the 

H arvard step test is a useful test of capacity for strenuous 

exertion by women as well as by men. To obtain compa­

rable results in women the height of the step must be 

reduced from the 20 inches commonly employed for male 

subjects. The 20-inch step has a particular disadvantage 

for women in that the limiting factor is often local 

fatigue of leg muscles; in these cases, the test is not a true 

measure of the capacity of the body as a whole for sus­

tained muscular effort. 
A suitable height of step for women performing the 

Harvard step test is 1 7 inches. With a step of this height 

the same arbitrary standards of performance may be 

a pplied with the same validity as for men on a 20-inch 

step. 

The author expresses thanks to Professor M. J. Pollard for help 

with the sta tistical analysis. 
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SLOAN, A . W. Effect of training on physical fitness of women 
students. J. Appl. Physiol. 16(1): 167- 169. 1961.- To ascer­
tain the effect of physical training on young women, four 
groups were subjected to a modified Harvard step tes t at the 
beginning of the academic year and again 4 and g months 
later. One group, specializing in physical education, had a 
very active program of gymnastics, dancing and games; two 
other groups had a much less active program; a fourth group 
had no physical training at all. In the series as a whole there 
was no correlation between fitness index and either height or 
weight and no evidence that menstruation influenced per­
formance of the test. At the beginning of the investigation the 
physical education studen ts had higher fitness indexes than 
the others and they improved with training. Lesser degrees of 
physical training caused no significant increase in fitness index 
but counteracted a tendency to deterioration observed in the 
group that had no physical training. Changes in the resting 
pulse were less consistent, and resting pulse rates showed little 
correlation with fitness indexes. 

I N AN ATTEMPT to ascertain the effect of regular physica l 
training on the physical fitness of young women, four 
groups undergoing different degrees of physical training 
were tested at the beginning of the school year and again 
4 and g months later . The fitness index was estimated 
from a modified Harvard step test, and the pulse rate 
was counted at rest. 

SUBJECTS 

The subjects were 6 1 women student teachers, aged 
1 7- 20 years, at Cape Town Training College. All had 
been passed as fit at a routine m edical examination . 

Of these students 1 3 in their 3rd year of training were 
specializing in physical education; their weekly program 
included 272 hours of gymnastics, 2 hours of dancing 
and at least 2 hours of gam es. A second group of 16 
3rd-year students was specializing in infant-school teach­
ing; they spent only 40 minutes a week at gymnastics, and 

Received for publication June , , 1960. 

at tendance at games was not obligatory. The remaining 
students were all in their 1st year of general training; 
of these, r g did gymnastics for 40 minutes each week, 
and the other r 3 did not. Attendance at games was 
obligatory for the I st-year students doing gymnastics 
but not for the others. 

EXPERIMENTAL PROCEDURE 

The H arvard step test ( 1, 2) was employed to test the 
subjects' physica l fitness for -strenuous exertion. From 
this test, originally designed for m en, a fitness index 
was d erived that was directly proportional to the dura­
tion of performance of strenuous exercise up to a maxi­
mum period of 5 minutes and inversely proportional to 
the pulse rate thereafter . For this investigation of women 
the test was modified by reducing the height of the step 
from 20 to r 8 inches. The subjects were dressed in light 
gymnastic costume and wore canvas tennis shoes. The 
height and weight of each subject were measured at the 
beginning of the investigation, and she was asked whether 
she was menstruating at the time of the test. The tests 
were performed in an unheated room, usually between 
g A.M. and 12.30 P.M. Environmental temperature in the 
mornings during the first set of tests varied between I g 0 

and 24 °C, except on one very hot day (29.5 °C) when 
the first tests and resting pulse rates of physical educa­
tion students were recorded. The second set of tests was 
carried out during the cool season at temperatures of 
14.5°- 16.5°C and the third set at temperatures of 18.5°-
23 .50C. 

In addition to the fitness index the resting pulse was 
counted, usually between 2 and 3 P.M. from 72 to I Y2 
hours a fter a light luncheon. To avoid the effect of ex­
citement in anticipation of the test or the residual effect 
of exercise thereafter, the resting pulse was counted 
either several hours after the test or on a different day. 
The subjects were seated a nd relaxed for at least 5 min­
utes before the resting pulse was counted and the rate 
was calculated from three half-minute readings taken 
at half-minute intervals. 
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TABLE r. Fitness Indexes and R esting Pulse Rates 

Group No. in Group 

1st tes t 

Physical educat ion l'.'j 6 1 .2 ±15.5 

Infant school 16 46.8±18.4 

General course 
With gymnastics 19 51.1± 17.9 
Without gymnastics 13 41.1± 18 .3 

*Mean± S.D . Mean rat t e per minute ± S.D. 

RESULTS 

No correlation was found between fitness index and 

height or weight except in the case of infant-school 

teachers, where the heavier subjects did less well. In 

this group there was a wider anatomical range of size 

and shape than in the other groups. There was practically 

no difference between the average performance of those 

who were menstruating at the time and those who were 

not, the mean fitness indexes being 49.8 and 50.0, re­

spectively. 
Table I shows the fitness indexes a t the beginning of 

the investigation . The students who were about to spe­

cialize in physical education had a higher mean fitness 

index than the infant-school teachers (P < 0.05) or the 

1st-year students who did not propose to do gymnastics 

(P < 0.01). There was no significant difference between 

the fitness indexes of the other groups. 
All the physical education students repeated the test 

approximately 4 months a nd g months la ter. Three 

infant-school teachers a nd two general course studen ts 

were absent from the 2nd and y d tests. 
After approximately 4 months of the various courses 

the physical education students had higher fitness in­

dexes than a t the first set of tests (P < o.oo 1); this im­

provement was maintained without further significant 

change over the ensuing 5 months. Although no signifi­

cant change in fi tness index occurred in any other group, 

by the end of the first 4 months there was a significant 

difference in fitness index between the general course 

students who did gymnastics and those who did not 

(P < 0.05); this difference was m aintained at the la ter 

tests. 
T a ble I a lso summarizes the resting pulse rates a t 

each stage of the investigation. At first the mean resting 

pulse rates of physical education students a nd of general 

course students who did not propose to do gymnastics 

were significantly higher than those of the other two 

groups (P < 0.05). The mean resting pulse rate of the 

physical education students fell during the first 4 months 

(P < 0.001) but rose again during the ensuing 5 months 

(P < 0.05). The infant-school a nd general course stu­

dents who had one session of gymnastics each week 

showed a significant increase in resting pulse at the end 

of 4 months (P < o.o r ), which was maintained by the 

infant-school but not by the general course students. 

A. W. SLOAN 

Fitness Index• Res ting Pul se Ratet 

2nd tes t 3 rd lest 1st test 2nd test 3rd test 

73.0±11.7 76 .8±4. 7 88.7±9.5 73.8±7.7 80.6±10.0 
48.2±18.2 48.1±19.3 80.5±9.6 86. 7±4 .3 86.7±15.7 

53.8±18 .4 52 .3± 18 .5 79.6±8.7 86.8±12.4 78 .9±8 .6 
37.9±1 7.8 36.6±12. 7 89.4±11 .0 87.7±9.2 82 .3±8.6 

1:'he_ 1st-year students not doing gymnastics showed a 

significant fall in pulse rate over g months (P < 0.05). 

At the first se t of tests there was no correlation between 

resting pulse rate and fitness index, which is related to 

pul~e. rate after exercise. After 4 months, a lthough no 

m~ividual group showed such correlation, in the whole 

sen es a_ slow resting pulse was associated with a high 

fitness index (P < 0.05). This correlation no longer 

held a t the end of the period of investigation . 

DISCUSSION 

Systematic training for active sport has been found 

to increase physical fitness as estimated by exercise toler­

ance tests (3-6) . After such training the resting pulse 

tends to be slow ( 7- 1 o) and the pulse rate after exercise 

returns to the resting level more rapidly than in un­

trained subjects ( r r, 12). 
The ~ arvard step test is a useful means of estimating 

the physical fitness of men or women for strenuous exer­

tion. For women it has been found advisable to use a 

st~p. 1 8 inches high (3, r 3) instead of the 20-inch step 

?ngm_ally_ recommended for m en. Since the present 

mvestigat10n was started it has been shown that the 

closest agreemen t with the results of men performing 

the test o~ the standard 20-inch step is attained by 

women. usmg a step 1 7 inches high ( 14) but, for the 

compan sons sought in this investigation, a n 18-inch 

step was satisfactory. 
The lack of correlation between fitness indexes and 

h~ight or wei~ht in this investigation agrees with pre­

v10us observat10ns on m en (2). The absence of any ill 

effect of menstruation on the performance of strenuous 

physic_al wo~k is not surprising in view of modern opinion 

on this topic. M enstruation does not impair athletic 

efficiency ( r 5- 1 7). 
Furthermore, it is not surprising that the students who 

intend to make physical educa tion their career should 

have higher fitness indexes tha n the others, even at the 

beginning of the academic year and on a n exceptionally 

hot day. Presumably they keep fit during their vacation . 

The high ly significant increase in fitness index of these 

students during the year is evidence of the efficacy of 

their strenuous program of physical training, since no 

such change occurs in a ny other group . Even the much 
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PHYSICAL FIT ESS OF WOMEN STUDENTS 

less strenuous gymnastic program of the general course 
seems to have some beneficial effect. The students in 
this course who did gymnastics were significantly fitter 
after 4 months than those who did not; the latter showed 
a steady though not significant fall in fitness index . This 
suggests that at least a certain minimum amount of 
regular physical training is advisable to counteract the 
tendency to physical deterioration a sociated with a 
very sedentary existence. 

The physical education students had unexpectedly 
high pulse rates at the beginning of the investigation. 
Since these were recorded on the one very hot day 
(29.5 °C), environmental temperature may have been a 
relevant factor. The pulse rates of these students were 
lower after a period of training but rose again ,.vhile the 
training was still in progress. No comparable changes 
occurred in the other groups, and the I st-year students 
doing no gymnastics showed a steady fall in resting pulse 
rate during the period of investigation. It may be that the 
effect of a little physical activity is to increase the resting 
pulse rate, presumably by increasing metabolism, 
whereas greater activity reduces it again as a result of 
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Physical Fitness of Colle1e Students in South Africa, 
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Abstract 

A. W. SLOAN 

University of Cape Town, 

Cape Town, Republic of South Africa 

The Harvard step test was performed by male students of physical education and male 

sophomores not specializing in physical education in Cape Province (South Africa), 
North Carolina, and England. A modified Harvard step test was performed by corre­
sponding groups of women. Assessed by this test, the fittest male physical . education 

students were the English, and the South Africans were fitter than the Americans. Eng­

lish female students of physical education were not significantly fitter than South Africans 

but were fitter than Americans. The fittest sophomores (men and women) were the 

English. There was no significant difference in performance between American and 

South African sophomores. 
No correlation was found between fitness index and height, weight, or time devoted 

to organized physical training. Menstruation did not impair the performance of women 

students. The rapid method of calculating fitness index gave results almost identical 
with those obtained from the original, longer method. 

IN COMP ARING the athletic performance of different groups of men or women a major 
difficulty is the standardi'zation of teat conditions and the interpretation of results. This 

is the case particularly when different national groups are being tested each in their 
own country, and the only satisfactory solution is for the same investigator or team of 

investigators to visit and supervise the tests in each of the countries concerned. The 
author was fortunate in having the opportunity to teat the physical fitness of college stu­

dents in Cape Province (South Africa), North Carolina, and London and Exeter (Eng­

land). The Harvard step test (1, 7) was selected as a good single procedure for 

assessing fitness for strenuous muscular activity; it has the merit of simplicity and the 

same observer, applying the same standard•. can be responsible for all the tests. 

Procedure 

Male and fema\e physical education (PE) students were tested in each of the locali­
ties. All were in the age-group 18-25 and had been passed as fit at routine medical 
examinations. The PE students, except for the English women, were in their third year 
at college but in their first year of specialized training as teachers of physical education; 

the English women were second-year students of physical education. No selection of 
PE students was exercised, all thoee available being tested. Male and female sophomores, 
not specializing in physical education, were also tested in each locality. These were 
healthy volunteers, aged 18-24; individuals in active training for competitive sport were 

excluded. 
A menstrual history was obtained from each woman student to relate the date of per­

formance of the test to the time in her menstrual cyclP.. The height and weight of each 
student was measured, wearing light gymnastic costume without shoes, and the test was 

performed in the same costume but weulng rubber-soled canvas shoes. The tests were 

performed during the cool season of the year in each place and between the hours of 8.30 
A.M. and 1 P.M. Since the performance of an exhausting teat depends on motivation as 

1 F rom the Department of Phy1ioloay, Uni,enlty of Cape Town . Thank, are due to 1taff and atudentl of 

the following institution, for their enthu1iHlic cooperation : in South Africa, the Univenity of Cape Town, 

Cape Town Training College, and Paarl Tralnin1 College ; In the U .S .A., the Unlvenity of North Carolina, 

including the Woman's Colle1e at Green1boro; in England, Avery Hill Trainin1 Colle1e, London, and Saint 

Luke'• College, Exeter. 
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well as on physical fitness, each group of students was told that the investigation was 
an international comparison of fitness and that their performance was a matter of national 
prestige. Each subject was actively encouraged to complete the test if he or she showed 
any sign of failing to do so. 

Male students performed the standard Harvard step test, stepping on to a bench 20-in. 
high in time with a metronome 30 times a minute for 5 min. or until compelled by 
fatigue to desist. If a subject fail ed to stand erect or to keep up with the metronome 
for 15 sec. after exhortation to do so the exercise was stopped and the duration to the 
time of stopping recorded. Pulse rates were counted for three %-min. intervals, 1-1%, 
2-2% and 3-3% min. after the exercise, and the fitness index (FI) calculated as usual 
(1, 7). Fitness indexes were calculated also by the rapid method from the first pulse 
count only (6, 13) to find the correlation between the results of this method (RFD and 
the original standard technique used in this investigation. 

Women performed the same test, but on a bench 17 in. high. This height was selected 
because, in a previous investigation (10) the performance of the test on a bench of this 
height by women corresponded very closely to that of men on the standard 20-in. bench. 

The significance of differences between groups was estimated by the t test (2). 

Results 

Male PE students in North Carolina were taller and heavier than other PE students 
(Table 1). The tallest sophomores were South African men and women but they were 
not significantly taller than the Americans. There were no significant differences in 
weight between the groups of sophomore men or between any of the groups of women. 

More time was allocated to physical training in the curriculum of male PE students 
at North Carolina than in that of any other group (Table 2). The highest allocation 
of physical training time for female PE students was in South Africa. Men and women 
sophomores in South Africa and men sophomores in England had no physical training 
period in the curriculum. 

The mean fitness index (MFI) of English male PE students was higher than that of 
South Africans or Americans and the South African was higher than the American 
(Table 2). English female PE students had an MFI higher than American but not signifi­
cantly higher than South African students. In the sophomore groups of men and women 
the English had the highest MFI. In South Africa both male and female PE students 
had a significantly higher MFI than the corresponding groups of sophomores (P<0.001). 
In North Carolina the female PE students and in England the male PE students had a 
significantly higher MFI than the corresponding groups of sophomores (P<0.05). 

Neither in any individual group nor in the series as a whole was there signficant cor­
relation between FI and body weight. There was no significant difference between the 
MFI of women who performed the test during a menstrual period or within two days 
of the next menstrual period and other women. 

In the whole series the correlation between the FI used in this investigation and the 
RFI was very high (r = +0.996). 

Discussion 

For the present investigation it was not possible to test a large and representative cross­
section of the young people of each nation. Although each of the colleges where the 
tests were performed has a high reputation in its own community and can be considered 
a good representative of its national group, it would be unreasonable to interpret the 
findings in this paper as representing systematic differences in fitness between South 
Africans, Americans, and English. The results, however, are of interest, and possible 
explanations will be considered. 

Any possible influence of environmental factors on the results was minimized by 11trict 
standardization of the test conditions. Since all the subjects were of European stock, 
no difference in racial aptitude for this form of exertion is likely to be involved. 
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The significant differences in MFI of different groups might be due to differences 

of bodily habitus. Previous investigations in South Africa have shown no correlation 

between FI and either height or weight (7), but workers in the U.S.A. have found a 

significantly poorer performance in heavier young men (9). In the present investigation 

the male PE students in North Carolina were considerably heavier than their opposite 

numbers in the other countries and it may be that their low Fl's are attributable to 

the extra work done in lifting the extra weight at each step up. 

In North Carolina most male students were performing the Harvard step test for the 

first time, whereas in South Africa the male PE students and in England all the male 

students had performed it previously. All _the female students were performing it for 

the first time. Previous investigations of men (12) and women (11) have shown no 

improvement in FI as a result of previous performance of the test, although systematic 

practice at it results in significant improvement (3, 5). 

Male PE students in North Carolina, though devoting the most time of any group to 

physical training, had a lower MFI than other male PE students. The female PE stu­

dents with the shortest allocation of time to physical training, the English, had. the hi ghest 

· MFI. In the sophomore groups the English men and women had the highest MFTs but 

not the greatest aJlocation of time to physical training. The lack of c~rrelation between 

the MFI of a group and the time allocated to their physical training is surprising in 

view of a previous investigation of female students in South Africa, in which the fitness 

index of each group was related to the amount of organized physical training in the 

curriculum (II). In the present investigation it may be that the training was more 

strenuous in one college than another or that one group of students was more active 

in extra-curricular physical recreation. Such factors, and also that of motivation, are 

difficult to assess. 

The finding that neither menstruation nor the premenstrual period impaired perform­

ance of a severe physical test supports the modern view that healthy young women are 

capable of strenuous physical activity at these times ( 4, 11). 

The very close agreement between the standard Fl's calculated from three pulse counts 

and the RFI's calculated from one, supports the contention that the standard method 

may satisfactorily be replaced by the rapid method in future investigations (6, 8) . When 

testing large numbers of subjects, much time is saved by adopting this procedure. 

Summary 

Groups of physical education and other students in South Africa, North Carolina, and 

England performed the Harvard step test. The English men and women had higher mean 

fitness indexes than corresponding groups of American or South Africans. All the 

differences were significant except that between female physical education students in 

England and in ·south Africa. 
Fitness indexes were not related to height, weight, or time devoted to physical train­

ing. Menstruation did not impair women's performance of the test. 
The rapid method of calculating fitness index is recommended for future investi­

gations. 
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