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ABSTRACT 

The purpose of t h i s study was to determine the e f f e c t s 

of c e r t a i n t r a i n i n g programs upon the physical f i t n e s s of 

students enrolled i n u n i v e r s i t y required wrestling classes 

and v a r s i t y wrestlers. 

Tests were administered to twelve students i n the 

required program at the University of B r i t i s h Columbia and to 

the ten man University of B r i t i s h Columbia v a r s i t y wrestling 

team. Physical f i t n e s s t e s t items of muscular strength, muscular 

endurance, motor a b i l i t y , cardiovascular endurance, fat 

component and cardiovascular condition considered to have 

important implications for wrestlers and wrestling were selected 

for use i n t h i s study. 

The two groups were tested at the beginning of t h e i r 

t r a i n i n g programs (tl) and again at the end of these programs 

( t 2 ) . The required t r a i n i n g program consisted of two one-hour 

periods per week for an eight week period. The v a r s i t y 

wrestlers were also retested a f t e r eight weeks although t h e i r 

t r a i n i n g program continued beyond th i s period. These men 

trained ten hours per week, that i s , for two hours a time, f i v e 

times per week. The test r e s u l t s of the University of B r i t i s h 

Columbia v a r s i t y wrestlers were also compared with those of the 

v a r s i t y wrestlers of the University of Western Ontario taken 

one year e a r l i e r at the same stage of t r a i n i n g . 

The required program t r a i n i n g regimen was evidently 

eit h e r not long enough or frequent enough to bring about 

s i g n i f i c a n t physical f i t n e s s changes other than in several 



muscular endurance items. Results indicated that the v a r s i t y 

wrestling program brought about s i g n i f i c a n t p o s i t i v e changes 

i n muscular endurance, cardiovascular condition and fat component 

but not in muscular strength. 

The University of B r i t i s h Columbia wrestlers were 

i n f e r i o r to the University of Western Ontario v a r s i t y wrestlers 

on a l l te s t items except the Progressive Pulse Rate Recovery 

Test and the r i g h t and l e f t grip strengths. 

I t was concluded that under the conditions of the 

study s i g n i f i c a n t changes i n components of physical f i t n e s s 

can be brought about as a r e s u l t of the v a r s i t y wrestling 

t r a i n i n g program but there were few s i g n i f i c a n t changes i n 

f i t n e s s produced by the required program i n wrestling. 



ACKNOWLEDGEMENT 

MANY EDUCATORS HAVE PROVIDED VALUABLE 

ASSISTANCE AND GUIDANCE TO THE WRITER. MY 

SINCERE APPRECIATION IS ACCORDED TO THESE 

MEN, BUT IT IS NOT APPROPRIATE TO MERELY 

LIST THEIR NAMES. HOWEVER, A SPECIAL 

NOTE OF APPRECIATION MUST BE EXTENDED TO 

DR. S. R. BROWN FOR THE TIRELESS HOURS 

SPENT IN READING AND REWRITING THE FINAL 

FORM OF THIS PAPER. 



TABLE OF CONTENTS 

CHAPTER PAGE 

I STATEMENT OF THE PROBLEM 1 

II JUSTIFICATION OF THE PROBLEM 7 

III REVIEW OF LITERATURE 9 

IV METHODS AND PROCEDURES 24 

V RESULTS 54 

;VI DISCUSSION OF RESULTS.... 73 

VII SUMMARY, CONCLUSIONS AND 
RECOMMENDATIONS 83 

BIBLIOGRAPHY 89 

APPENDICES 

A. INDIVIDUAL SCORE SHEET 93 

B. RAW MEAN SCORES OF WESTERN MOTOR 
ABILITY TEST 94 

C. RAW MEAN SCORES OF 5 MINUTE MUSCULAR 
ENDURANCE TEST 95 

D. RAW MEAN SCORES OF TOTAL DYNAMOMETER 
STRENGTH TEST 96 

E. RAW MEAN SCORES OF PROGRESSIVE PULSE 
RAT EO TEST 97 

F. RAW MEAN SCORES OF SUBCUTANEOUS FAT. 98 

G. RAW MEAN SCORES OF HEARTOMETER 

READING MEASUREMENTS 99 

H. ENVIRONMENT QUESTIONNAIRE 100 

I. HEARTOMETER NORMATIVE TABLES 102 

J . UNIVERSITY OF WESTERN ONTARIO VARSITY 
WRESTLERS* (t2) MEASURES 103 

K. PHYSICAL FITNESS NORMATIVE TABLES.. 104 



LIST OF CHARTS AND ILLUSTRATIONS PAGE 

I TOTAL FITNESS DIAGRAM 3 

II SUBCUTANEOUS FAT MEASUREMENT SITES 37 

II I BRACHIAL PULSE WAVE DIAGRAM AND 41 
DESCRIPTION 

IV VARSITY WRESTLING TEAM PROGRAM 47 

V REQUIRED PROGRAM SET UP 48 

LIST OF TABLES 

I GROUP A VS GROUP B - WESTERN MOTOR 
ABILITY TEST 56 

II GROUP A, CAMERON HEARTOMETER 
MEASURES - SITTING 57 

III GROUP B, CAMERON HEARTOMETER 
MEASURES - SITTING 58 

IV GROUP A, CAMERON HEARTOMETER 
MEASURES - STANDING... 59 

V GROUP B, CAMERON HEARTOMETER 
MEASURES - STANDING 60 

VI GROUP A, CAMERON HEARTOMETER 
MEASURES - EXERCISE 61 

VII GROUP B, CAMERON HEARTOMETER 
MEASURES - EXERCISE 61 

VIII GROUP A VS GROUP B, LYING BLOOD 
PRESSURE AND PULSE RATE 62 

IX GROUP A, 5 MINUTE MUSCULAR ENDURANCE 
TEST 63 

X GROUP B, 5 MINUTE MUSCULAR ENDURANCE 
TEST 64 

XI GROUP A, DYNAMIC STRENGTH TEST 65 

XII GROUP B, DYNAMIC STRENGTH TEST 66 
XIII GROUP A VS GROUP B, PROGRESSIVE 67 

STEP TEST 

XIV GROUP A, ADIPOSE MEASURES AND WEIGHT 68 

XV GROUP B, ADIPOSE MEASURES AND WEIGHT 69 



LIST OF TABLES PAGE 

XVI GROUP A VS GROUP C, TOTAL TESTS 
COMPARED 70 

XVII GROUP A VS. GROUP B, HEALTH 
QUEST IONNAIRE 71 



CHAPTER I 

STATEMENT OF THE PROBLEM 

Since the beginning of wrestling i n early Greek 

times, physical educators have associated the p a r t i c i p a t i o n i n 

t h i s sport, both through t r a i n i n g and competition, with the 

p h y s i c a l l y f i t man. Although usually widely accepted as fact, 

t h i s hypothesis has never been t r u l y experimentally substantiated. 

I t has also been believed that muscular strength, 

muscular endurance, cardiovascular endurance and low body f a t 

are the main components of fi t n e s s i n wrestling. 

The purpose of t h i s study was to determine the 

ef f e c t s of wrestling upon the physical f i t n e s s of young men. 

More s p e c i f i c a l l y i t was to study the e f f e c t s of wrestling 

upon certa i n aspects of the physical f i t n e s s of college fresh

men at thef'Utiiversity of B r i t i s h Columbia taking required 

w r e s t l i n g and also upon members of the University of B r i t i s h 

Columbia v a r s i t y wrestling team with previous wrestling experi

ence. The improvements, i f any, were to be studied. U.B.C. 

v a r s i t y wrestlers were also to be compared with the l e v e l of 

fi t n e s s attained by University of Western Ontario v a r s i t y 

wrestlers. 

Improvements in both groups were to be discussed 

in r e l a t i o n to s i m i l a r i t i e s or differences between both kinds 

of t r a i n i n g and i n r e l a t i o n to physical f i t n e s s changes shown 

i n other studies as a r e s u l t of wrestling t r a i n i n g . 
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D e l i m i t a t i o n s 

1. The components o f p h y s i c a l f i t n e s s w h i c h were measured were 

o n l y t h o s e s p e c i f i c a l l y i m p o r t a n t t o w r e s t l i n g . 

2. The s p e c i f i c groups w h i c h were used were n o t randomly 

s e l e c t e d from the t o t a l p o p u l a t i o n . The r e s u l t s r e c e i v e d 

t h e r e f o r e were s p e c i f i c t o t h e s e groups and i t was n o t 

p o s s i b l e t o g e n e r a l i z e t o l a r g e r p o p u l a t i o n s . However, 

g e n e r a l i z a t i o n s c o u l d be made t o o t h e r w r e s t l e r s and o t h e r 

w r e s t l i n g teams and team members. 

L i m i t a t i o n s 

1. There was no r e s t r i c t i o n p o s s i b l e on o u t s i d e p h y s i c a l 

a c t i v i t i e s f o r e i t h e r group. 

2. There was no c o n t r o l o f d i e t , s l e e p o r r e s t , however, a 

q u e s t i o n n a i r e c o n c e r n i n g t h e s e a r e a s was answered. 

3. Not a l l w r e s t l e r s had t h e same background o r e x p e r i e n c e i n 

w r e s t l i n g so t h a t some p r o b a b l y had t h e c a p a c i t y t o improve 

more t h a n o t h e r s . They were t h e r e f o r e n o t homogeneous i n 

t h i s r e s p e c t . 

D e f i n i t i o n s 

P h y s i c a l e d u c a t o r s t o d a y do n o t have a s t a n d a r d i z e d , 

p a t d e f i n i t i o n o f p h y s i c a l f i t n e s s . However, p h y s i c a l f i t n e s s 

i s a p a r t o f t o t a l f i t n e s s and i n t h i s s t u d y was used i n t h e 

f o l l o w i n g c o n t e x t . 
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CHART I 

Body proportions 
Body weight 
Body composition* 
Body b u i l d 
Body posture 
Body mechanics 

cardiovascular* 
respiratory* 
pulmonary 

(a) basic elements* 
balance 
f l e x i b i l i t y 
a g i l i t y * 
speed 
power* 
strength* 
endurance* 
co-ordination 
accuracy 

(b) Basic Sport S k i l l s 
run 
j ump 
throw 
catch 
dodge 
kick 
climb 
vault 

(c) S p e c i f i c Sport S k i l l s 

(d) S p e c i f i c Work S k i l l s 

* Components measured i n t h i s study. 

Terms used i n thi s thesis "did- have the following 

connotations: 

A g i l i t y - a complex of factors including balance, 

co-ordination and speed. A g i l i t y was the capacity of the 
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i n d i v i d u a l i n the rate of changing po s i t i o n i n space ( 1 ) . 

v Balance - (a) S t a t i c balance occurred when e q u i l i 

brium was maintained for one p o s i t i o n of the body. (b) Dynamic 

balance was concerned with keeping one's equilibrium while in 

motion or while changing from one balanced p o s i t i o n to another 

(2) . 

Cardiovascular endurance - emphasized capacity for 

continuous exertion with p a r t i a l recovery during the exercise 

(3) . McCloy believed i t to be a combination of muscular strength 

and endurance, and the strength and endurance of the heart ( 4 ) . 

I t was usually measured by the e f f e c t of 0 2 consumption, heart 

rate, blood pressure and blood constituents. 

Co-ordination - involved i n the motor co-ordination 

of the eyes with the head, the hands and the feet. I t appeared 

in combination with the factors of depth perception, general -

kinesthetic s e n s i t i v i t y and control, and insight into the 

nature of the s k i l l s (5). 

Diastole - the d i l a t a t i o n or state of d i l a t a t i o n of 

the heart, and e s p e c i a l l y that of the v e n t r i c l e s ( 6 ) . 

EC/AE - the rest to work r a t i o , that i s , the time of 

dias t o l e divided by the time of the systole (7). 

Motor a b i l i t y - the immediate capacity of an in d i v i d u a l 

to perform i n many varied stunts or a t h l e t i c events (8). 

Muscular endurance - the capacity of the i n d i v i d u a l 
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for long continued sub-maximum contractions when a s u f f i c i e n t 

number of muscle groups were used with a s u f f i c i e n t duration 

and i n t e n s i t y to put a demand on the functions of c i r c u l a t i o n 

and r e s p i r a t i o n (9). 

Muscular strength - the maximum tension a muscle can 

apply i n a single contraction (10), or the a b i l i t y of an 

in d i v i d u a l to exert force against an object. 

Power - the rate at which work i s performed. 

P = force x distance or W (11) 
time T 

Speed - the capacity of the in d i v i d u a l i n the rate of 

making successive movements of the same kind (12) . 

Systole - the period of the heart's contraction; also 

the contraction i t s e l f . I t e s p e c i a l l y designated the contrac

t i o n of the v e n t r i c l e s as distinguished from that of the 

auri c l e s (13) . 
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CHAPTER II 

JUSTIFICATION OP THE PROBLEM 

I t was desirable to know whether or not wrestling 

would, as popularly believed, improve the physical f i t n e s s of 

p a r t i c i p a n t s . There was at present l i t t l e evidence to support 

the contention that wrestling was b e n e f i c i a l to physical f i t n e s s . 

Studies made by Sparks (1), Keen, Speidel and Swartz 

(2) revealed that wrestling was not dependent upon any one com

ponent of physical f i t n e s s more than another, not divorced from 

certai n other components. The main components of physical 

f i t n e s s as f a r as wrestling was concerned were cardiovascular 

condition, muscular endurance, muscular strength and body f a t 

percentage. Cureton (3) was a prime believer that the cardio

vascular endurance was the most important single components. 

This knowledge, i f te s t i n g showed desirable r e s u l t s , 

would be a basis for further experimentation with the purpose 

of making these improvements come about through t r a i n i n g . 

The components of physical f i t n e s s which did improve 

and the extent to which they improved as a r e s u l t of the re

quired program would a s s i s t i n setting up a t r a i n i n g program. 

The u n i v e r s i t y needed to know more about i t s required program 

a c t i v i t i e s , e s p e c i a l l y the amount of time necessary to a t t a i n 

good improvement i n physical f i t n e s s and whether or not current 

arrangements for frequency and duration were adequate to produce 

f i t n e s s . 

This study could also determine the physical f i t n e s s 

c h a r a c t e r i s t i c s of v a r s i t y wrestlers that would be valuable 

in assessing the p o t e n t i a l of beginners. 
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CHAPTER III 

REVIEW OF THE LITERATURE 

The l i t e r a t u r e concerning the e f f e c t s of wrestling 

upon physical f i t n e s s was reviewed and i t was found that l i t t l e 

research regarding the e f f e c t s of wrestling upon f i t n e s s had 

been car r i e d out, e s p e c i a l l y when compared with the amount of 

l i t e r a t u r e available in other areas of a t h l e t i c endeavour such 

as basketball. There have, however, been a few studies made i n 

the area of wrestling and wrestling t r a i n i n g programs. 

The preliminary review of available l i t e r a t u r e was 

carried out as follows: 

D e f i n i t i o n of Physical Fitness 

E f f e c t s of Wrestling Upon Physical Fitness 

Physical Characteristics of Wrestlers 

Studies Related to the Methods Used i n the E f f e c t s 

of Training Upon Physical Fitness. 

The Committee of Physical Fitness at the Chicago College 

of Medicine, Dentistry and Pharmacy of the University of I l l i n o i s 

stated that: 

"Unfortunately the medical profession has given 
less consideration than warranted to the 
recognition, study and elevation of health 
l e v e l s of normal i n d i v i d u a l s . Medical examina
tions, for example, are o r d i n a r i l y conducted 
under circumstances which are e s s e n t i a l l y s t a t i c 
although additional study under dynamic and 
s t r e s s f u l conditions would enable better c l a s s i 
f i c a t i o n of health l e v e l s , p a r t i c u l a r l y of normal 
i n d i v i d u a l s . Yet the physician, as well as the 
layman, has long recognized the important 
influence of health l e v e l s on the productivity, 
s o c i a l adjustment and happiness state of normal 
human s. 
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We further suggest that other medical, dental 
and pharmacy schools consider the adaptation 
of physical f i t n e s s testing and educational 
programs so ably provided i n our Chicago 
Colleges by the Department of Physical Educa
t i o n of the University. (1) " 

D e f i n i t i o n of Physical Fitness 

For a great number of years physical f i t n e s s has been 

an objective of physical education. Most of the d i f f i c u l t y i n 

measurement has been due to the lack of a concise and generally 

accepted d e f i n i t i o n of these objectives (2). 

"Physical f i t n e s s i s a complex concept d i f f i c u l t 
to define and more d i f f i c u l t to measure, but 
one which i n the most useful form must evaluate 
the t o t a l i n d i v i d u a l . ( 3 ) " 

Karpovich(4) defined physical f i t n e s s as: 

"A f i t n e s s to perform some sp e c i f i e d task 
requiring muscular e f f o r t . " 

The American Association for Health, Physical Education 

and Recreation concluded that: 

"Fitness i s that state which characterizes the 
degree to which the person i s able to function. 

I t implies the a b i l i t y of each person 
to l i v e most e f f e c t i v e l y within his p o t e n t i a l i t i e s . 
A b i l i t y to function depends upon the physical, 
mental, emotional, s o c i a l and s p i r i t u a l components 
of f i t n e s s , a l l of which are related to each 
other and are mutually interdependent. (5)" 

Steinhaus(6) defined f i t n e s s i n four areas: 

(1) A body free from disease. 

(2) Muscles, heart and lungs developed to 
give strength, speed, a g i l i t y and 
endurance to do e a s i l y the tasks of each 
day. 
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(3) An a l e r t mind - free from undue worry-, 
fear or tension - that can relax com
p l e t e l y with the moment of opportunity 
and as quickly be exposed i n the next 
challenging task. 

(4) A s p i r i t that feels i t s e l f u n s e l f i s h l y 
part of an important venture and 
important to that venture. 

I t can be seen that there were various d e f i n i t i o n s 

but the term physical f i t n e s s embraced a degree of muscular 

strength, muscular endurance, power, cardiovascular endurance 

and an optimal d i s t r i b u t i o n of body adipose t i s s u e . 

E f f e c t s of Wrestling on Physical Fitness 

The main f a c t o r i a l components which dominated a t h l e t i c 

performance according to T.K. Cureton were: 

1. c o n s t i t u t i o n a l body b u i l d 
2. lack of fat 
3.. strength 
4. speed of reaction 

' 5. muscular endurance 
6. cardiovascular condition. 

Progressive physical t r a i n i n g produced: 

1. a lower pulse rate at the end of standardized 
exercises v 

2. a greater stroke volume of the heart 
3. greater r e l a t i v e density of the body 
4. greater amounts of Hb, glycogen i n the l i v e r , 

red blood c e l l s 
5. greater r e l a t i v e c i r c u l a t i o n related to increased 

vascularization 
6. greater muscular endurance 
7. greater strength/lb. of body weight 
8. greater speed and power capacity 
9. greater respiratory resources and a b i l i t y 

to stand stress 
10. improved neuromuscular capacity(7). 
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Salter(8) found that in a subjective ranking of high 

school wrestling teams, with respect to wrestling performance, 

they correlated very highly with the scores obtained on the 

Western Motor A b i l i t y Test. " 

Landiss(9) found that the groups p a r t i c i p a t i n g i n 

wrestling made the most s i g n i f i c a n t gains on the Larson Test of 

Motor A b i l i t y . However, wrestling f a i l e d to record a s i g n i f i c a n t 

gain between the pre-test and post-test means i n at l e a s t two 

or more items. 

Gollert ( 1 0 ) concluded that both muscular strength and 

muscular endurance improved with practice through a d e f i n i t e 

t r a i n i n g program. Var s i t y wrestlers were v a s t l y superior to 

students enrolled i n regular education classes i n both of these 

aspects. 

After t r a i n i n g men on a f i v e month program (gynmastic 

conditioning, endurance swimming and running) Cureton found 

that improvements occurred i n v i t a l capacity, v i s u a l t o t a l body 

reaction time, a g i l i t y run, chinning, dipping and dynamometrical 

strength (11). 

The above author also recommended, every year for 

several months, a moderate and progressive endurance type of 

conditioning program of physical exercise to maintain an average 

l e v e l of cardiovascular f i t n e s s , as well as strength, a g i l i t y , 

balance, f l e x i b i l i t y , power and muscular endurance (12). 
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Rasch et a l . . . . studied the e f f e c t s of tournament 

stress on the electrocardiogram of United States free s t y l e 

wrestlers and found that there were no changes i n four subjects 

but i n the remainder there occurred an increase i n "p2" ampli

tude, decrease in"T2"and "TV5" amplitude and a diminuation of 

the "QT" i n t e r v a l (13) . 

Akgun and Ustum (14) performed teleroentgenologic 

studies upon seventeen champion Turkish wrestlers concerning 

the cardiac transverse diameter, heart rate and a r t e r i a l blood 

pressure. They found that bradycardia and low a r t e r i a l blood 

pressure were prevalent i n the wrestlers tested. The average 

pulse rate was 63 which was s i g n i f i c a n t (PL .005), while the 

s y s t o l i c and d i a s t o l i c blood pressures did not s i g n i f i c a n t l y 

d i f f e r from the norms used. 

Physical C h a r a c t e r i s t i c s of Wrestlers 

Cureton (15) maintained that the wrestling type was 

of medial b u i l d c l a s s i f i e d between jumping and weight-throwing 

types, had a long body with short legs, unusually strong hands, 

strong arms and shoulders. He found the bust/height r a t i o of 

.517. 

K r o l l (16) measured t h i r t y - f i v e wrestlers from four 

"Big Ten" schools and found that the average "Big Ten" wrestler 

tended towards being an a g i l i t y type athlete with a somatotype 

rating of 3-5-4 (ectomorphic - mesomorphic), had average hip 
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width, was extremely low i n f a t , had average chest measurements, 

low i n r i g h t and l e f t grip strength, average i n leg strength and 

above average i n back strength. He also found a better shoulder 

width/hip width r a t i o than the best a t h l e t i c groups measured 

by Cureton i n 1948, (ratio of 1.42). 

The low, i n s i g n i f i c a n t c o r r e l a t i o n (r = .084) between 

t o t a l strength/body weight and take-down a b i l i t y suggested that 

strength i s not an important predictor of at l e a s t one phase 

of wrestling a b i l i t y . The results seemed to support the opinions 

of wrestling coaches who believed that, although strength and 

speed were n a t u r a l l y desirable i n any wrestler, "sefcting-up" an 

opponent and s k i l l f u l execution of a continuous series of 

attempts at take-downs were of more importance (17). 

"Wrestling i s b a s i c a l l y an interplay of forces 
which are changing i n amount and d i r e c t i o n at 
an unpredictable rate. I f any wrestler hopes 
to cope with the constantly changing situations, 
he must be able to adjust to these forces 
quickly and adequately. In wrestling these 
discriminations seem to be made pr i m a r i l y 
through the kinesthetic areas of the muscles. 
There i s probably help i n maintaining body 
po s i t i o n through the sense of balance, and some 
v i s u a l and auditory areas to a lesser degree (18). " 

Mumby found that a b i l i t y of an i n d i v i d u a l to maintain 

constant muscular pressure under a changing dynamic condition 

was s i g n i f i c a n t l y related to wrestling a b i l i t y as subjectively 

rated by experienced wrestling i n s t r u c t o r s . But the a b i l i t y to 

discriminate changes i n pressure applied to the skin of the upper 

arm did not show any s i g n i f i c a n t r e l a t i o n to i n d i v i d u a l differences 

in wrestling a b i l i t y (19). 
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The t o t a l proportional strength test was administered 

by Rasch et a l . (20,) to twenty-one members of a college 

physical education class i n wrestling and to twenty-one members 

of the college wrestling squad before and a f t e r t r a i n i n g for 

6 weeks. 

It was found that the T.P.S. scores of the members of 

the college wrestling squad were not s i g n i f i c a n t l y greater than 

those of the physical* education c l a s s . 

P a r t i c i p a t i o n i n amateur wrestling as a physical 

education a c t i v i t y or as a member of a college squad was not 

l i k e l y to r e s u l t i n s i g n i f i c a n t gains i n strength as measured 

by the T.P.S. 

Wrestlers of championship l e v e l s were not s i g n i f i c a n t l y 

stronger than wrestlers of a lower l e v e l of a b i l i t y . 

College wrestlers did not show outstandingly strong 

hand g r i p s . 

The t y p i c a l American amateur wrestler could not b ® 

described as possessed of great muscular strength. 

Studies Related to Methods 

The changes i n physical condition (of seventeen men on 

the Santa Barbara Basketball team during 1957-58 season of play) 

were estimated using a step t e s t . During t h i s time the blood 

pressure and pulse were measured and studied on the Cameron 

Heartometer to investigate the e f f e c t s of basketball conditioning 

on these measurements. 
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They found that the c i r c u l a t o r y changes r e f l e c t e d by 

the pulse rate and Heartometer waves leveled o f f a f t e r four -

six weeks of workout even though t r a i n i n g continued. 

The pulse rate and pressure curve measurements changed 

s i g n i f i c a n t l y i n three-six weeks while the s y s t o l i c blood pres

sure measurements took up to sixteen weeks to change s i g n i f i c a n t l y . 

The d i a s t o l i c pressure taken immediately a f t e r exercise 

decreased. 

The mean pressure, pulse pressure and other combina

t i o n of pressure measurements did not change during the time 

the pulse rate indicated conditioning was changing (21). 

Twenty-eight normal men were tested for exercise 

tolerance by walking on a treadmill at f i v e M.P.H. and 18% 

grade to evaluate cardiorespiratory performance. Since twelve 

out of the fourteen untrained sedentary normals were unable to 

continue t h i s exertion for three minutes, and fourteen others 

i n varying degrees of t r a i n i n g could continue for ten minutes, 

t h i s t e s t usually d i f f e r e n t i a t e d subjects with an a t h l e t i c 

background from untrained normals, but f a i l e d to d i f f e r e n t i a t e 

between the athletes. Forty-eight additional normal men, who 

were selected for t h e i r a t h l e t i c t r a i n i n g experience, had a 

preliminary walk for three minutes at fi v e M.P.H. and 18% grade, 

and then ran at f i v e M.P.H. and 25% grade to the l i m i t s of t h e i r 

physical endurance to estimate maximal work capacity. This 

maximal t e s t showed greater variance for endurance than either 
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maximum oxygen consumption, v e n t i l a t i o n or heart rate. I t was 

concluded that the procedure provided an expeditious method 

for measuring short term maximal work loads in normal, even 

p h y s i c a l l y trained men (22). 

Cureton stated that: 

"There i s a growing need i n health and physical 
education for a device to encourage people to 
seek and maintain cardiovascular f i t n e s s . There 
i s also a need for systematic and objective 
records of s y s t o l i c and d i a s t o l i c blood pres
sures, pulse pressure, heart rate and an 
objective recorder of heart valve actions. The 
Cameron Heartometer f u l f i l l s these needs (23) ." 

In a pamphlet put out by the Cameron Heartometer 

Company i t was pointed out that: 

" I t has been shown by careful quantitative 
measurement and s t a t i s t i c a l treatment that 
measurements of the Heartometer are r e l a t i v e l y 
more valuable for predicting endurance per
formance than any other known type of cardio
vascular test administered p r i o r to the 
physical performance (24)." 

In the previously quoted pamphlet i t was also stated 

that a f t e r eight years of continuous study of the Brachial 

pulse wave in rel a t i o n s h i p to various kinds of physical f i t n e s s 

performance i n the Research Laboratory at the University of 

I l l i n o i s i t has been shown that: 

"(a) measurements of the Heartogram permit 
better prediction of endurance performance 
than any other pre-performance cardio
vascular t e s t s . 

(b) moderately high c o r r e l a t i o n between s y s t o l i c 
amplitude and the area under the Brachial 
pulse wave and certain other tests of blood 
flow through the heart, lungs and big 
a r t e r i e s . 
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(c) most important of a l l i s the fact that 
certain physical t r a i n i n g procedures 
which greatly increase the endurance of 
the subject i n swimming, walking up h i l l s , 
running i n i n t e r v a l rhythmic test 
exercises, improve with t r a i n i n g and 
simultaneously with t h i s improvement 
there are s i g n i f i c a n t changes in the 
Heartometer measurements which permit 
very big correlations between the 
changes in the Heartometer and the 
changes in endurance (25) ." 

Cureton further stated;(26) concerning the Cameron 

Heartometer that: 

"the r a t i o of the time of the d i a s t o l e to 
the time of the systole i s also an important 
measure. Trained athletes have strong hearts 
and supple blood vessels (the combination i s 
c a l l e d cardiovascular condition), have longer 
resting than working phases i n the heart 
cycle. Some have f a s t acting hearts and blood 
vessels, which throw out the blood and drain 
o f f very fast, then rest r e l a t i v e l y four to 
fives times as long. This i s the best type 
of heart. I t w i l l do i t s work most e a s i l y 
and e f f e c t i v e l y . " 

The Heartometer graphs could be used: 

1. to rate functional f i t n e s s of an i n d i v i d u a l , 

2. to show improvement during physical t r a i n i n g 
programs, 

3. to follow i n d i v i d u a l or group t r a i n i n g week by 
week, 

4. to measure "physiological warm up" j u s t short of 
fatigue, 

5. to measure " f r i g h t " (27). 

Twenty college men and f o r t y college women were divided 

into two groups such that one-half i n each group p a r t i c i p a t e d 

regularly i n vigorous exercise while the others had l i t t l e or 

no exercise. 
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They were measured weekly on heart rate and blood 

pressures i n r e c l i n i n g p o s i t i o n a f t e r a 5 minute prone r e s t . 

The amount of recovery i n heart rate between the 

f i r s t and second post exercise scores for the men was thirteen 

beats less than for those doing vigorous physical exercise. 

"The blood pressure measures appeared to be 
altogether useless i n distinguishing between 
growing adults who obviously d i f f e r i n physical 
f i t n e s s . The s i t u a t i o n was s i m i l a r with 
respect to pulse pressure. These were not 
s i g n i f i c a n t at the 1% l e v e l (28) ." 

Roby, interested i n the e f f e c t s of exercise on regional 

subcutaneous f a t , tested f i f t e e n students from adapted sports 

sections of prescribed exercise classes at the University of 

I l l i n o i s using the Harpenden c a l i p e r s . The exercise program 

consisted of weight t r a i n i n g for both strength and endurance 

for the dominant arm only. The s k i n f o l d measurements of dominant 

arm were taken p r i o r to and a f t e r the exercise program. He 

found that the s k i n f o l d thickness decreased on both arms and 

th i s was s t a t i s t i c a l l y s i g n i f i c a n t . The f a t was not reduced 

j u s t i n the areas where muscles were active nor i n proportion 

to t h e i r a c t i v i t y (29). 

Yuhasz (30) further stated i n h i s booklet "Physical 

Fitness Appraisal" that: 

"physical a c t i v i t y has been grossly underrated 
as a means for f a t reduction. In fact, i t i s 
probably the most important agent i n a sensible 
weight reduction and weight maintenance program •" 
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The most frequent unfavourable responses when los i n g f a t by 

d i e t i n g were found to be weakness, fatigue, i r r i t a b i l i t y , 

restlessness and d i f f i c u l t y i n concentration. These were 

c h a r a c t e r i s t i c s c e r t a i n l y not found i n a p h y s i c a l l y f i t person 

nor desired i n athletes. 

Cureton i n Chapter 16 of Physical Fitness Appraisal  

and Guidance l i s t e d the "Effects of Systematic Physical 

Training" as: 

1. expanded chest gets larger i n relationship to 
normal abdominal g i r t h 

2. Schneider index increases 

3. a b i l i t y to hold the breath a f t e r exercise increases 

4. strength increases * 

5. f a t decreases * 

6. pulse count a f t e r 5' step t e s t decreases * 

7. hemoglobin increases 

8. endurance in a l l - o u t running increases * 

9. resting d i a s t o l i c blood pressure increases * 

10. pulse pressure decreases * 
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CHAPTER IV 

METHODS AND PROCEDURE 

This study was concerned with measuring the e f f e c t s 

of d i f f e r e n t t r a i n i n g programs upon certain components of 

physical f i t n e s s of college v a r s i t y wrestlers and wrestlers 

in the required physical education program. 

The subjects were composed of two groups: 

(a) Ten members of the U.B.C. v a r s i t y wrestling 
,squad who were available to be tested and, 

(b) Twelve students registered i n the required 
wrestling program at U.B.C. i n the f a l l term. 

Two wrestlers commuted and were therefore not available 

for t e s t i n g purposes and one simply did not wish to be tested. 

The two groups were f i r s t tested i n the period from 

October 1st to October 12th ( t l ) . The second testing session 

took place i n the f i n a l week of November 25th to November 30th 

(t2) . 

These test times coincided with - the pre-season 

period before any t r a i n i n g program was adopted ( t l ) , - a f t e r 

the intensive t r a i n i n g period for the v a r s i t y wrestlers and the 

completion of the required wrestling program, (t2). 

A Health-Habit Questionnaire was also given to attempt 

to ascertain whether or not environmental conditions which could 

not be controlled perhaps had an e f f e c t upon the t e s t r e s u l t s . 

An example form i s found i n Appendix H. 
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A l l measurements were d i r e c t (tool) measurements, 

made by the same experienced examiner each time. 

Normative tables were available for a l l the tests 

used. 

Tests Selected: 

The physical f i t n e s s tests selected consisted of: 

The Five Minute Muscular Endurance Test, The Total Dynamometer 

Strength Test, The Progressive Pulse Rate Test, The Measure

ment of Body Fat and the Cameron Heartometer Tests. 

The Western Motor A b i l i t y Test was given along with 

the physical f i t n e s s tests to see i f the required program group 

and the v a r s i t y group were above or below average as t h i s might 

a f f e c t t h e i r capacity to improve in f i t n e s s . I t was also used 

to see i f one group was markedly d i f f e r e n t from the other since 

t h i s might p a r t l y explain any difference in improvement made 

by either group. 

The use of t h i s t e s t was based on the l o g i c that 

i n f e r i o r motor a b i l i t y could reduce the benefits which might be 

obtained from t r a i n i n g because of the disproportionate amount 

of time spent i n learning the fundamentals rather than in more 

vigorous d r i l l s and t r a i n i n g procedures. 

The Five Minute Muscular Endurance Test (l)<: 

C l a s s i f i c a t i o n : Muscular Endurance Test 

Purpose: To measure muscular endurance 



26 
V a l i d i t y : The s i x items; push ups, s i t ups, 

side leg raises, chest raises, double 
back leg raises and s i t t i n g tucks 
were a l l standard tests of muscular 
endurance (2). They represented a 
battery of items which used a l l the 
large muscle groups of the body. 

The r e l i a b i l i t y of the various items has been, however, 

carri e d out by Cureton and he found the following c o r r e l a t i o n s : 

(a) push ups r = .638 (3) 

(b) s i t ups r = .391 (4) 

(c) chest raises r = .426 (5) 

(d) double leg raises r = .541 (6) 

(e) side leg raises r = .596 & .574 (7) 

(f) s i t t i n g tucks r = .600 (8) 

Total Dynamometer Strength Test 

C l a s s i f i c a t i o n : Muscular Strength Test 

Purpose: (1) To measure dynamic strength 

(2) To diagnose i n d i v i d u a l strengths 
and weaknesses of dynamic 
strength. 

V a l i d i t y : The four items, r i g h t hand grip, 
l e f t hand grip, back l i f t and leg 
l i f t , correlated .085 with an a t h l e t i c 
index composed of track and f i e l d 
and s k i l l events (9) and .414 with 
a l l round motor f i t n e s s indices, that 
i s , with 14 item I l l i n o i s Motor 
Fitness Test. The v a l i d i t y was 
based upon face v a l i d i t y and corre
lated 0.65 with medical judgments 
and case studies (10) . 

Right grip r = .036 

Left grip r = .088 

Back l i f t r = .284 

Leg l i f t r = .326 

Total r = .734 
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R e l i a b i l i t y : Practice effects were negligable. 
R e l i a b i l i t y c o e f f i c i e n t s for the 
various t e s t items ranged from .96 -
.99 and for the entire battery 
.94 (11). 

Progressive Pulse Rate" Test 

C l a s s i f i c a t i o n : Cardiovascular Test 

Purpose: To measure the a b i l i t y of the pulse 
to return to normal a f t e r exercise. 

V a l i d i t y : Henry and Herlig (12) validated four
teen empirical tests against an 
endurance c r i t e r i o n composed of the 
improvement in distance running. 
The v a l i d i t y correlations were as 
follows: 

Schneider Index r = .44 

Crampton Index r = .39 

McCloy 2 Variable 
Prediction Test r = .24 

Pulse Ratio (30 step)= .18 (13) 

The Cameron Heartometer Tests 

C l a s s i f i c a t i o n : Cardiovascular Test 

Purpose: (a) To measure blood vessel supple
ness . 

(b) To measure the energy of the blood 
stream emanating from the heart. 

V a l i d i t y : Cureton found the o v e r a l l score 
correlated .809 with the Cureton 
Weighted Endurance Running Pulse Rate 
Condition Test and .494 with the 
Schneider Index. P.F. in terms of 
the Heartometer 8 Item Test = .214. 

R e l i a b i l i t y : 8 Item Test r = .6:40 

(a) s y s t o l i c amplitude r = .909 

(b) d i a s t o l i c amplitude r = .768 

(c) area under the curve r = .864 

(d) rest to work r a t i o r = .640 
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(e) pulse rate r = .996 

(f) width of a single cycle r = .979 

(g) fatigue r a t i o r = .854 

<h) d i c r o t i c notch amplitude r = .823. 

(i) o b l i q u i t y angle r = .788 

(j) d i a s t o l i c surge r = .878 
(14) 

O b j e c t i v i t y : Pulse pressure r = .706 

D i a s t o l i c surge r = .811 

D i c r o t i c notch r = .789 

Fatigue r a t i o r = .835 

S y s t o l i c amplitude r = .730 
SBP r =• .669 

Diastole amplitude r = .820 
DBP r = .580 (15) 

The Measurement of Body Fat 

C l a s s i f i c a t i o n : Body proportions 

Purpose: (a) To measure the amount of fat on 
a body. 

(b) To diagnose indiv i d u a l s with 
. excess amounts of f a t . 

V a l i d i t y : Face v a l i d i t y 

R e l i a b i l i t y : Chest r = 0.98 

Tricep r =0.90 

Subscapular r = 0.98 

Supr a i l i a c r = 0.97 

Umbilical r = 0.99 

Front thigh r = 0.96 (16) 
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The Western Motor A b i l i t y Test 

C l a s s i f i c a t i o n : Motor A b i l i t y 

Purpose: To measure the inherent and genetic 
a b i l i t i e s of i n d i v i d u a l s . 

V a l i d i t y : The four items; standing broad jump, 
a g i l i t y run, alternate hand-wall 
toss and s i t t i n g basketball throw 
correlated highly. 

R e l i a b i l i t y : The r e l i a b i l i t i e s of the test items 
have been reported as: 

Standing broad jump r = 0.95 

I l l i n o i s A g i l i t y Run r = 0.94 

Alternate hand-wall toss r = 0.89 

S i t t i n g basketball throw r = 0.95 

(17) 

Description of the Five Minute Muscular Endurance Test (18) 

Test Item I - push ups 
II - s i t ups 
III - side leg raises 
IV - chest raises 
V - double backward leg raise s 
VI - s i t t i n g tucks 

5 Minute Muscular Endurance Test: 

(a) Push Ups 

Starting p o s i t i o n : The subject stationed himself 

downward with his hands beside his chest, fingers pointed f o r 

ward, with the toes curled, the thighs and abdomen free and 

only the chin touching the f l o o r . 

Performance: The body lowered, completely straight, 

u n t i l the chest touched the f l o o r , the arms were then straightened 

to the "up" p o s i t i o n again. 

Scoring: The count was made when the body was pushed 
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to a point where the elbows were completely s t r a i g h t . 

R e l i a b i l i t y controls: Partner should check to see 

that only the chest touched. There should be no body sag. 

Test ended when subject rested more than two seconds. 

(b) S i t Ups 

Starting P o s i t i o n : The fingers were locked behind 

the neck, the subject l y i n g on the f l o o r with the knees flexed 

90° and the feet held f l a t on the f l o o r . The partner held the 

feet on the f l o o r . 

Performance: The subject sat up and touched both 

elbows to both knees. 

Scoring: The s i t up was repeated as many times as 

his endurance would permit. A rest of two seconds terminated 

the exercise. 

(c) Side Leg Raise 

Starting P o s i t i o n : The subject assumed a l e f t side 

leaning p o s i t i o n with the body held i n straight alignment 

balancing the body on the l e f t arm, keeping both legs s t r a i g h t . 

The r i g h t hand was on the r i g h t hip or placed on the partner's 

knee for balance. 

Performance: The leg was raised and lowered from the 

hip to a horizontal p o s i t i o n as many times as possible. Resting 

more than one second terminated the exercise. 

Scoring: Number of times the leg was l i f t e d to the 

horizontal p o s i t i o n . 
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(d) Chest Raise 

Starting P o s i t i o n : Front l y i n g position, hands 

locked behind neck, partner held down the legs. 

Performance: The chin was raised at lea s t 18" o f f the 

flo o r and returned to the resting p o s i t i o n . 

Scoring: Number of times chin raised proper height. 

(e) Double Backward Leg Raise 

Starting P o s i t i o n : Front prone p o s i t i o n , hand along 

side, p e l v i s on f l o o r . Partner held down shoulders. 

Performance: L i f t e d legs continuously so that thighs 

got o f f f l o o r . The toes of both feet must go above a s p e c i f i e d 

height. 

Scoring: As many repetitions as possible, score one 

each. 

(f) S i t t i n g Tucks 

Starting P o s i t i o n : Subject sat i n the long s i t t i n g 

p o s i t i o n with hands on hips. The feet were raised s i x - eight 

inches o f f the f l o o r , knees s t r a i g h t . 

Performance: Knees were brought up to chest as close 

as possible, feet o f f the ground, bottom of feet p a r a l l e l to 

f l o o r . 

Scoring: Number of times legs were extended completely. 

Description of the Total Dynamometer Strength Test (19) 

Item I - r i g h t hand grip 
II - l e f t hand grip 
III - back l i f t 
IV - leg l i f t 
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Dynamometer Strength Testing 

(a) Grip Strength (Right and Left) 

Preliminary: Magnesium chalk was dusted on the palms 

of the hands. 

1. The pointer was set to zero by the tester, and 
placed i n subject's r i g h t hand f i r s t . 

2. Adjustments were made in the dynamometer so that 
the thumb touched or overlapped the f i r s t finger. 

3. The subject squeezed the dynamometer, as hard as 
possible, keeping the arm and hand away from the 
body. 

4. The scores were read to the nearest pound by the 
t e s t e r . 

5. The l e f t hand was tested next, and then another 
t r i a l given for each hand. 

(b) Back L i f t Strength 

Preliminary: Hands were dusted with magnesium chalk. 

The feet were kept p a r a l l e l about s i x inches apart with the 

chain, opposite the instep of the feet. 

Upper Trunk: The shoulders were "hunched" with hands 

hanging at the sides, head up, eyes straight ahead. The angle 

of the hip being 145°-155°. Stood erect, head to wall, bar at 

finger t i p length. 

Legs: Locked straight, checked throughout the p u l l 

by the t e s t e r . 

Grip: Combined grasp on the bar. The tester hooked 

the chain into the grasped bar and instructed the subject to 

l i f t s t e a d i l y s t r a i g h t up, keeping the weight d i r e c t l y over the 

feet. Swaying forward on the toes or backwards on the heels was 
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not to be allowed, and another t r i a l given, and the best score 

of three t r i a l s allowed. 

(c) Leg L i f t Strength (without belt) 

Preliminary: Magnesium chalk was dusted on hands. 

Feet: P a r a l l e l s i x inches apart. 

Upper Trunk: Straight - head up, eyes s t r a i g h t ahead. 

Legs: 105°-125° angle at the knee. 

Grip: Ordinary grasp (palms down), on the bar, held 

at hip l e v e l . The tester hooked the chain into the t e s t i n g bar, 

and instructed the subject to l i f t s t e a d i l y s t r a i g h t up to a 

maximum emphasizing the leg push. Hands merely hteld the bar 

into the legs. The best scores of three t r i a l s was recorded, 

ino swaying backward or forward being allowed. 

The t o t a l strength was then calculated as the sum of 

a l l four measurements and the strength per pound of body weight 

found. Total Strength = S t . / l b . 
Body Weight 

Description of Pulse Rate Recovery Test (20) 

Test Item I - 1 minute test at 30 steps/minute 
II - 1 minute te s t at 36 steps/minute 
III - 3 minute test at 30 steps/minute 

Pulse Rate Recovery Test: 

The most commonly used t e s t for cardiovascular 

endurance has been the step t e s t . A one minute step t e s t at 

t h i r t y and t h i r t y - s i x steps per minute, and a three minute step 

te s t at t h i r t y steps per minute were used. 
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Equipment: stop watch, metronome, an eighteen inch 

bench. 

Introduction: The s i t t i n g pulse may be taken at eithe r 

the r i g h t b r a c h i a l artery or the right carotid artery. The 

bra c h i a l was generally more e a s i l y found in the resting state 

and the carotid a f t e r exercise. 

Test: The subject stood i n front of the bench l i s t e n i n g 

to the cadence of the metronome which was set. On the "go" 

si g n a l , the subject stepped up with the dominant foot on the 

f i r s t cadence, up with the other foot on the second cadence to 

a standing p o s i t i o n on the bench. The subject stepped down with 

the dominant foot on the t h i r d cadence and with the other foot 

on the fourth. The administrator c a l l e d out "up, up, down, 

one up, up, down, twenty-four" to a s s i s t the subject's 

timing. 

Upon completion of the t h i r t y steps, the subject sat 

down, and the administrator took the pulse rate for one minute. 

The subject immediately began stepping at t h i r t y - s i x steps per 

minute and on completion the pulse was taken for one minute. 

Immediately, the three minute te s t commenced. On completion 

of the three minute test, the subject rested for one minute and 

the pulse was taken for t h i r t y seconds, t h i r t y second rest, 

t h i r t y second pulse rate taken, t h i r t y second rest and t h i r t y 

second pulse taken and the three scores were added. 
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Description of the Measurement of Body Fat (21) 

The Measurement of Body Fat 

The recommendations of the B r i t i s h Medical Research 

Council led to the design of the Harpenden Caliper for the 

measurement of subcutaneous body f a t . I t further met the stan

dards i n the area of n u t r i t i o n a l anthropometry established by a 

Committee of the Food and N u t r i t i o n Board of the National Research 

Council of the United States. The contact surface of the c a l i p e r 

was rectangular and measured 6 x 15 m.m. A constant pressure 

of 10 gm/mm(2) was exerted over the f u l l range of measurement 

(0-50mm). 

The following procedure standardized the techniques 

for subcutaneous f a t measurements; 

1. Firmly grasp a f o l d of skin between the l e f t 
thumb and forefinger and l i f t up. 

2. Place the contact surfaces of the c a l i p e r about 
one cm. from the fin g e r . 

3. Very s l i g h t l y release the pressure of the finger 
so that the greater pressure i s exerted by the 
c a l i p e r . 

4. Release the s c i s s o r grip (right hand) supporting 
the weight of the c a l i p e r i n the r i g h t hand. 

5. When the needle stops, take the reading to the 
nearest 1/10 of a millimeter. (Be careful of 
jaw face slippage on the skin.) 

The locations of the subcutaneous f at measurement 

s i t e s and the measurement technique i s i l l u s t r a t e d i n the 

accompanying figures. Six s i t e s were recommended for standard 

usage with young and adult men. The rear thigh measurement 
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replaced the chest measurement with females. 

Description of Subcutaneous Fat Measurement Sites 

Chest (juxta nipple) : The s i t e was located and 

s l i g h t l y to the right of the ri g h t nipple. The s k i n f o l d was 

taken at a 45° angle to the ho r i z o n t a l . 

Tricep: The sk i n f o l d was located midway on the back 

of the r i g h t upper arm. The arm hung f r e e l y and the skin f o l d 

was l i f t e d p a r a l l e l to i t s long a x i s . 

Sub-scapular: The sk i n f o l d was l i f t e d v e r t i c a l l y and 

measured below the t i p of the l e f t scapula. 

S u p r a - i l i a c : The s k i n f o l d was located immediately 

above the crest of the r i g h t i l i u m . The f o l d was l i f t e d at a 

s l i g h t angle to the v e r t i c a l along the normal f o l d l i n e . 

Umbilical: The s k i n f o l d was located to the l e f t of, 

adjacent to and in l i n e with the navel. The f o l d was l i f t e d 

p a r a l l e l to the long axis of the body. 

Front thigh: The sk i n f o l d was located midway on the 

f r o n t of the upper leg over the quadriceps. The foot was placed 

on a s i x inch step with the knee s l i g h t l y flexed and muscles 

relaxed. The f o l d was l i f t e d p a r a l l e l to the long axis of the 

leg. 

Total Caliper Fat: A simple arithmetic addition of 

the measurements of the s i t e s described above was made. 

The t o t a l body f a t was then calculated by the addition 

of the s i x s i t e s and the per cent of the fat was found on the 

available normative tables. (See Appendix J) 
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CHART I I 

F i g u r e 2 

SUBCUTANEOUS FAT MEASUREMENT SITES 
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Description of the Cameron Heartometer Tests (22) 

Test Item I - s y s t o l i c pressure 
II - d i a s t o l i c pressure 
III - pulse pressure 
IV - area under the curve 
V - rest to work r a t i o 
VI - pulse rate 

The Cameron Heartometer Tests 

"The Heartometer gives a graphical record made 
by an almost f r i c t i o n l e s s pen which i s activated 
by the pulsation of the bra c h i a l artery, trans
mitted by means of a standard pressure cuff and 
enclosed a i r column of the sphygmomanometer type, 
The a i r pressure operates a d e l i c a t e bellows 
to which i s attached the leverage system 
a c t i v a t i n g the writing pen. The v e r t i c a l ampli
tude i s proportional to the energy of the pulse 
wave, while the horizontal measurements are 
functions of time (24) ." 

The procedure for using the Heartometer has been 

discussed by Cureton (25) . At the cuff pressure of usually 

80 mm. Hg., a t h i r t y second recording of the pulse wave was 

taken. A representative wave was then selected and measured. 

The pressures were a l l taken on the l e f t arm by the same examiner, 

The c l i m a t i c conditions were r e l a t i v e l y stable and the tempera

ture varied from 67°F. to 74°F. The tests were taken at le a s t 

two hours from a meal. The s i t t i n g pulse pressure and pulse 

wave were taken aft e r the subject had rested from f i v e to ten 

minutes and the pulse rate and blood pressures had l e v e l l e d o f f . 

The cuff was kept on the arm and used for both s i t t i n g 

and standing blood pressure and pulse wave measurements. The 

subject then ran on the spot for one minute at the rate of one 

hundred and eighty steps/minute. S i t t i n g blood pressures were 

immediately taken aft e r the exercise was concluded. 
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S y s t o l i c pressure was measured by the s y s t o l i c ampli

tude on the tes t chart as "AB" and indicated the size of the 

myocardial action due to the contraction of the v e n t r i c l e s . 

D i a s t o l i c pressure was measured by "EH" and represents the 

re f l e c t e d pressure wave from the semilunar valves and contrac

t i o n of the aorta. 

Pulse pressure was the s y s t o l i c pressure minus the 

d i a s t o l i c pressure. 

Area under the curve "AC" r e f l e c t e d somewhat the blood 

pumped per stroke of the heart and the tone of the wall of the 

bra c h i a l artery. Rest to work r a t i o was the time from the s t a r t 

of the s y s t o l i c stroke to the point of closing of the semilunar 

valves to di a s t o l e - point of closing of valves to the s t a r t of 

the next s y s t o l e . A strong e f f i c i e n t cardiovascular system had 

a high r a t i o of four to one, an average 1.89 to one and a poor 

1.21 to one. (26) 

Uses of the Heartometer 

1. Prediction of the r e l a t i v e state of "functional" 
cardiovascular conditions" i n subjects without . 
heart disease. 

2. Detection of the r e l a t i v e state of t r a i n i n g of 
athletes i n t r a i n i n g and out of t r a i n i n g . 

3. As a screen t e s t to encourage in t e r e s t i n cardio
vascular condition related to endurance i n l i f e ' s 
a c t i v i t i e s i n p a r t i c u l a r a t h l e t i c events with 
possible r e f e r r a l of subjects with very abnormal 
heartographs to a physician. 

4. To show the r e l a t i v e e f f e c t of s p e c i f i c exercise 
or tests on the cardiovascular system, such as, 
a p a r t i c u l a r cross-country run or a chinning 
t e s t or any event whatsoever which induces cardio
vascular fatigue (27) . 
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Standardizing the Readings 

With subjects who had normal s i t t i n g d i a s t o l e pressure 

below eighty mm. Hg., graphing was standardized at eighty. I f 

above eighty the graph was taken with a cuff pressure at ten to 

f i f t e e n mm. Hg. above d i a s t o l i c pressure. 

The graphs were scribed i n the blue portion of the 

Heartograph and centered over the 220 l i n e c . 

Subjects were relaxed and breathed normally, two 

hours from a meal. The subjects sat i n a relaxed p o s i t i o n , 

palm up to f a c i l i t a t e clear v i s i o n of the fingers at a l l times. 

The subject's back was placed against the back of the chair, 

both feet on the f l o o r , gaze s t r a i g h t ahead, no movement or 

t a l k i n g was allowed and a l l t i g h t clothing was loosened. 

The conditions were kept as constant as possible, that 

i s , r e l a t i v e humidity between the l i m i t s of 40% to 90%, height 

above sea l e v e l within the l i m i t s of 0 to 3,000 feet and within 

the temperature l i m i t s of s i x t y to ninety degrees F. as 

Cureton suggested. 

Description of the Western Motor A b i l i t y Test (23) 

Test Item I - a g i l i t y run 
II - standing broad jump 
III - alternate hand-wall toss 
IV - s i t t i n g basketball throw 

Western Motor A b i l i t y Test 

(a) A g i l i t y Run ( a g i l i t y ) 
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S t a f f and Equipment: 1. four chairs, 2. a stop 

watch calibr a t e d to 1/10 of a second, 3. markings - two 

p a r a l l e l l i n e s t h i r t y feet apart were required with four chairs 

spaced ten feet apart and located on each l i n e . A mark s i x feet 

on each side of the near chair indicated the s t a r t i n g and 

f i n i s h i n g points, 4. one trained leader and a recorder. 

Test: The subject was stationed in a prone p o s i t i o n 

behind the s t a r t i n g l i n e , his forehead over the mark and h i s 

hands at the sides of his chest. On a whistle s i g n a l , the 

subject jumped to h i s feet, ran to the far l i n e , placed one foot 

over i t , returned to the near chair, z i g zagged down, around the 

end chair, z i g zagged back, around the near chair, ran s t r a i g h t 

down on the opposite side, placed one foot over the far l i n e 

and ran back across the f i n i s h i n g l i n e . 

Scoring: The elapsed time from the whistle signal 

to the passage of the runner's chest over the f i n i s h i n g mark was 

scored to the nearest tenth of a second. Two tests were allowed, 

the better time being taken. 

(b) Standing Broad Jump 

Sta f f and Equipment: 1. a four foot broad jump 

board cali b r a t e d i n feet and inches, 2. a towel, 3. a block 

of gymnastic chalk (used to chalk the heels of each competitor), 

4. a trained leader. 

Test: The subject stood with h i s feet s l i g h t l y apart 

and toes j u s t behind the take-off l i n e . The hips, knees and 
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ankles were flexed and with the aid of the arms, a vigorous 

forward thrust was made o f f both feet. The landing was made 

with feet even. 

Scoring: The distance from the take-off l i n e to the 

heel of the nearest foot, or any other portion of the body that 

touched the f l o o r was scored to the nearest inch for the best 

of three t r i a l s . 

(c) Alternate Hand-Wall Toss 

Equipment and S t a f f : 1. three tennis b a l l s , 2. a 

stop watch, 3. a smooth surfaced wall (six foot width and 

height), 4. extra b a l l s (in container at side of r i g h t foot), 

5. one leader. 

Test: Athlete stood facing wall, behind s i x foot 

r e s t r a i n i n g l i n e with the b a l l i n ri g h t hand. On the starting' 

signal the b a l l was tossed against the wall with an underhand 

motion and caught i n the l e f t hand. The b a l l was then thrown 

with the l e f t and caught in the ri g h t hand. This movement was 

repeated as often as possible in t h i r t y seconds. 

Scoring: The number of successful catches with each 

hand, completed i n t h i r t y seconds were counted. Two t r i a l s 

were allowed and the higher number recorded. 

(d) S i t t i n g Basketball Throw 

Equipment and S t a f f : 1. two regulation basketballs, 

2. a throwing area ten foot by seventy-five foot, 3. a tape 

(100 f e e t ) , 4. a trained leader, 5. a r e t r i e v e r . 
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Test: Subject took a long s i t t i n g p o s i t i o n , legs 

spread and stra i g h t , heels on f l o o r , behind r e s t r a i n i n g l i n e , 

basketball held i n throwing arms. An overhead throw was made 

for maximum distance. 

Scoring: The b a l l was thrown overhand three times, 

the best throw taken to the nearest point. 

Testing Team 

There was one experienced tester who tested a l l 

individuals on every t e s t . 

The tester was considered to be p r o f i c i e n t i n the f i e l d 

of the tests and measurements used i n t h i s study. 

Procedure: Each testing s t a t i o n was c l e a r l y marked. 

A l l equipment was i n place and the tester at the appropriate 

station before the s t a r t of each te s t period. 

A recording index card was kept by the examiner for 

each t e s t score. The subjects completed the tests i n the 

following order: Heartometer recordings 
fa t measurements 
strength tests 
progressive pulse rateg 1 

muscular endurance test, and 
Western Motor A b i l i t y Test. 

Description of the Required Wrestling Training Program 

The required program met twice a week for one hour 

sessions. The f i r s t h a l f hour of each class consisted of warm-

up, c a l i s t h e n i c s , wrestling s k i l l d r i l l s . The second h a l f hour 
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consisted of the testing of s k i l l s and wrestling i t s e l f . 

The warm-up and c a l i s t h e n i c s consisted of push ups, 

s i t ups, neck bridges with and without a man on top, Australian 

push ups and f i v e minute shuttle runs. 

The wrestlers then partook in wrestling s k i l l d r i l l s 

and wrestled for at l e a s t three minutes. 

Description of the V a r s i t y Wrestling Team Training Program 

The wrestlers practiced for two hours per day for 

f i v e days each week and were expected to "work out", that i s , 

running and c a l i s t h e n i c s on week-ends. (No record, however, 

was kept of this.) - a The t r a i n i n g program consisted of running, 

warm-up exercises, wrestling s k i l l d r i l l s and wrestling 

p r a c t i c e . 

The d a i l y program became progressively d i f f i c u l t as 

the competitive season approached. 

The following i s an example of a minimum requirement 

program set up by the Coach, Mr. Paul Nemith, who required the 

competitors to carry out the following program as well as to 

work on i n d i v i d u a l weaknesses. 

Exercises Minimum Level 

Bridging and press ups 30 
Push ups 25 
Fast V s i t ups 50 
Hand stand push ups 10 
Rope Climbing twenty feet 3 
Chinning 10 
Dips on p a r a l l e l bar 15 



46 

Running 

F i r s t week 

Second week 

Third week 

Fourth to tenth week 

Minimum Level 

one h a l f mile run -
fiv e times per week 
three-quarters mile run 
fi v e times per week 
one and a h a l f mile run 
fiv e times per week 
two mile run - fi v e 
times per week. 

This, of course, was the minimum requirement and 

interviews with a l l wrestlers led to the conclusion that a l l 

th i s was attempted to the best of t h e i r a b i l i t y . 

Wrestling i t s e l f was carried out for interv a l s seldom 

exceeding f i f t e e n to twenty minutes per p r a c t i c e . . 
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CHART IV 

The University of B r i t i s h Columbia 
Wrestling Team Training Rules 

No one i s allowed to be late for workouts unexcused. 
No one is allowed to leave u n t i l workout i s completed. 
No one misses workouts. 
Absolutely no drinking or smoking during wrestling season. 
Use common sense eating habits. , 
Get eight hours sleep, i f at a l l possible. 
Avoid a l l forms of d i s s i p a t i o n . 
Notify coach of i l l n e s s and a l l i n j u r i e s . 
Maximum of two pounds overweight allowed night before meet. 
Team s t r i p s must be handed in to the Manager at the 
conclusion of every meet. 
For p o s i t i o n on Varsity Team there w i l l be a wrestle o f f 
p r i o r to every meet. 
Wrestling i s a tough sport and nothing but the best e f f o r t 
required. 

Exercise Program 

1st Week - H mile run - 5 times per week. 
2nd Week - 3/4 mile run - 5 times per week. 
3rd Week - 1 h mile run - 5 times per week. 
4th Week - 2 mile run - 5 times per week. 

Keep records of your time and push yourself. 

Daily Exercises 

Bridging and press ups 
Push ups 
Fast V s i t ups 
Hand stand push ups 

Work-Out Gear Eguipment 

Shorts 
1 pai<r shoes for running 
1 paid - shoes for wrestling 
A t h l e t i c support 
Sweat s u i t . 

The above t r a i n i n g outline i s the minimum requirement. 
Anything l e s s w i l l cut down your p o t e n t i a l as a wrestler and 
competitor. Wrestling i s a tough sport and demands top physical 
condition (29). 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

11. 

12. 

Rope climbing 
Chinning 
Dips i n p a r a l l e l bars 
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CHART V 

P.E. 223 WRESTLING 

I. Basic Wrestling Positions 

(a) Standing 
(i) closed stance 
( i i ) open stance 

(b) Referee's Position on the Mat 
(i) top 
( i i ) bottom 

I I . Takedowns 

1. double leg 
2. single leg 
3. head and leg p u l l 
4. arm drag 
5. go-behind and forward t r i p 
6. snap down 

I I I . Bre akdown s 

1. far ankle far arm 
2. near ankle and crossface 
3. far arm and crotch 
4. inside wrist and far ankle 
5. ankle and thigh hold 
6. cross body ride 

IV. Escapes and Reversals 

1. short s i t - o u t 
2. switch 
3. inside leg stand-up 
4. arm r o l l (wing lock) 

V- Pinning Combinations 

1. bar arm and h a l f nelson 
2. cradle hold 
3. cross body and ride-to-pin 
4. near leg l i f t and cross-over 
5. cross-to-face double arm lock (30) 
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STATISTICAL DATA 

(a) Difference between i n i t i a l and f i n a l mean scores 

of f i t n e s s t e s t s . 

The R e l i a b i l i t y of the difference between i n i t i a l and 

f i n a l mean scores was tested by means of Fisher's " t " s t a t i s t i c 

as described by Garrett (31) . A one-tailed t e s t was chosen with 

a l e v e l of confidence ( a r b i t r a r i l y set) of 0.05. 

The hypothesis tested was: 

(Null Hypothesis) 

H : 2 - 1>0 (Alternate Hypothesis) 

(b) Difference between v a r s i t y and required program 

wrestlers on Western Motor A b i l i t y Test Items. 

The r e l i a b i l i t y of the difference between mean scores • 

for each variable was tested by means of Fisher's " t " s t a t i s t i c 

as described in Walker and Lev (32) for the case where(^iand(^2 

were unknown and presumed unequal and samples were small. A 

one-tailed t e s t was chosen on the assumption that v a r s i t y 

wrestlers should be superior i n motor a b i l i t y with the l e v e l of 

confidence = 0.05 which was a r b i t r a r i l y chosen. 

The hypothesis tested was: 

H : ^ A 

YLty^ K B > 0 

(c) Differences between U.B.C. and U.W.O. v a r s i t y 

wrestlers. 

Standard score corrections were [compared. 
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(d) Students " t " tables showed for eleven degrees 

of freedom at the 0.05 l e v e l - 1.800 and for nine degrees of 

freedom at the 0.05 l e v e l of confidence - 1.830 (33). 

Study Design 

Group A U.B.C. Varsity Wrestling T.P. 

Group B Required Wrestling T.P. 

Group C U.W.O. Varsi t y Wrestling T.P. 

Group D Normal College Men (Normative 
Tables) (See Appendix K) 

Tests 

Western Motor A b i l i t y 
} 5 Minute Muscular Endurance 

Total Dynamometer Strength 
Progressive Pulse Rateo Test 
Subcutaneous Fat Measurement 
Cameron Heartometer Test (8 Item) 

S t a t i s t i c a l Formulae 

(a) For physical f i t n e s s tests the following formulae 

were used: 

Mean scores = Ex = X (34) 
N 

Standard deviation = S.D. (35) 

Standard error = S.D. = S.E,m (36) 
V N ~ 

Standard deviation of differences between means 

C d 2 - S.D. dm (37) 
N - 1 
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Standard error of differences between means 

S.P. dm = S.E. dm (38) 

" t " = Dm (39) 
S.E. dm 

d = {X± - X 2 - 6 ) 2 

D = mean differences between (tl) and (t2) 

N = sample number 

(b) For the Western Motor A b i l i t y Test the following 

formulae were used: 

S.D. = XI - X2 (40) 

S E 2 + S E | 4 
Degrees of Freedom 

S I 2 + S2 2 

Ni N 2 

( S I 2 ) 2 1 + / S2\ 2 1 (41) 
y Nl J NI + 1 . ^ N2/ N2 + 1 

s = standard deviation 

" t " r a t i o s were calculated before rounding numerators 

and denominators. In some cases higher " t " r a t i o s were obtained 

than the rounded figures i n the tables of results would indicate 
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CHAPTER V 

RESULTS AND DISCUSSION 

The tests outlined i n Chapter IV were administered 

to the required wrestling program (Group B) and to the v a r s i t y 

wrestling team (Group A) at the University of B r i t i s h Columbia. 

For each group,results of (tl) were s t a t i s t i c a l l y 

compared with the re s u l t s of (t2) and Group A standard scores 

were compared with Group C (University of Western Ontario Varsity 

Wrestling Team) standard scores. 

A comparison was also made between Groups A and B„on 

the Western Motor A b i l i t y Test for reasons previously described. 

Tables I - XVII summarize the results of the tests 

The t e s t r e s u l t s which proved s i g n i f i c a n t at the .05 

l e v e l of confidence for a one-tailed test were as follows: 

(i) Heartometer (sitting) 

o b l i q u i t y angle 
- s y s t o l i c time 
- d i a s t o l i c time 

Heartometer (standing) 

rest to work r a t i o 
- s y s t o l i c time 

d i a s t o l i c time 

Heartometer,(exercise) 

- s y s t o l i c amplitude 

administered. 

Group A (Varsity) Group B (Required Program) 

area under curve 
s y s t o l i c amplitude 
o b l i q u i t y angle 

area under curve 
s y s t o l i c time 
d i a s t o l i c time 
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( i i ) Sphygmomanometer (lying) 

s y s t o l i c pressure 

( i i i ) Muscular Endurance 

(iv) Progressive Step Test 

three minutes at thirty/min. 
one minute at thirty-six/min. 

(v) Adipose Measures 

sub scapular 
umbilical 
supra i l i a c 

- t o t a l f a t 
percent f a t 

s i t ups 
chest raises 
double back leg raises 

push ups • 
chest raises 
s i t t i n g tucks 

t r i c e p front thigh 



TABLE I 
GROUP A (X-,) VS GROUP B (X,) / WESTERN MOTOR ABILITY TEST 

A 
*1 

B 
*1 - 5b S .'s. Degrees 

Test 
Items 

R.S. S.D. SEM R.S . S.D. SEM D S.D. SEM.D. x i X2 t of 
Freedom 

Standing 
Broad 
Jump (in.) 92.50 8.09 2.56 91.50 6.68 2.11 1 .00 7.35 3.16 65 62 0 .317 19 
Alternate 
Hand-Wall 
Toss (no.) 30.50 3.77 1.10 28.58 3.95 1.25 . 1 .92 3.87 1.66 66 61 1 .159 17 
A g i l i t y 
Run (sec.) 17.79 0.57 0.18 19.01 2.14 0.68 1 .22 1.63 0.70 50 51 1 .747 14 
S i t t i n g 
Basketball 
Throw (ft.) 43.72 7.77 2.46 42.02 5.98 1.88 1 .70 6.83 2.92 55 51 0 .582 18 

A = 10 B = 12 

0.05 l e v e l for student's " t " and 

19 degrees of freedom = 1.730 
18 degrees of freedom = 1.730 
17 degrees of freedom = 1.740 
14 degrees of freedom = 1.760 



TABLE II 
GROUP A, CAMERON HEARTOMETER MEASURES (SITTING)(mm) 

Test 
Items R . s . 

*1 S.D. SEM R.S. 
x 2 

S.D. SEM 
XI -
S.D. 

x 2 

SEM.D. 
S 

XI 
.S. 
X2 t B 

Area Under 
Curve (sa cm)0 .22 0.08 0.03 0.26 0.08 0.03 0.29 0.09 30 35 0.528 0.04 

Pulse Rate 
(per min.) 61 .90 8.76 2.77 58.70 10.93 3.44 5.63 1.78 74 78 1.797 3.20 

S y s t o l i c 
Amplitude 

(cms) 0 .99 0.37 0.12 1.04 0.38 0.12 0.08 0.02 33 35 1.690 0.05 

D i c r o t i c 
Notch 
Amplitude 

(cms) 0 .44 0.14 0.05 0.46 0.14 0.-05 0.06 0.02 1.129 0.02 
D i a s t o l i c 
Amplitude 

(cms) 0 .46 0.15 0.05 0.48 0.15 0.05 0.06 0.02 35 36 1.129 0.02 
D i a s t o l i c 
Surge (cms) 0 .02 0.02 0.01 0.02 0.02 0.01 0.03 0.01 0.000 0.00 
Obliquity 
Anqle (deq. )25 .20 2.81 0.89 23.80 2.44 0.77 0.88 0.28 22 31 5.06* 1.60 
Rest to 
Work Ratio 2 .06 0.53 0.17 2.30 0.74 0.25 0.61 0.19 61 68 1.260 0.24 
S y s t o l i c 
Time (sees) 0 .30 0.04 0.01 0.27 0.04 0.01 0.04 0.01 2.360* 0.03 
D i a s t o l i c 
Time (sees) 0 .56 0.15 0.05 0.63 0.18 0.06 0.11 0.04 2.000* 0.07 
Patique RatioO .48 0.19 0.06 0.47 0.14 0.04 0.08 0.03 1.407 0.01 
N = 10. * - s i g n i f i c a n t at .05 l e v e l of confidence 

.05 l e v e l for student's " t " = 1.830 



TABLE III 
GROUP B, CAMERON HEARTOMETER MEASURES (SITTING), (mm) 

Test 
Items R.S. *1 S.D. SEM R.S. 

*2 
S .D. SEM 

xi -
S.D. 

X2 
SEM.D. 

S 
X l 

.S. 
x 2 

t D 
Area Under 
Curve (aa cm)0.18 0.08 0.02 0.20 0.10 0.03 0.04 0.01 25 28 1 .670 0.14 
Pulse Rate 
(per min.) 79.70 4.16 1.20 76.80 4.16 1.20 5.87 1.70 25 48 1 .700 2.90 
Sy s t o l i c 
Amplitude 

(cms) 0.69 0.19 0.06 0.71 0.19 0.06 0.06 0.02 21 22 0 .882 0.63 
D i c r o t i c 
Notch 
Amplitude 

(cms) 0.33 0.10 0.03 0.34 0.14 0.04 0.07 0.02 0 .550 0.01 
D i a s t o l i c 
Amplitude 

(cms) 0.33 0.10 0.03 0.35 0.15 * 0.05 0.08 0.02 25 26 1 .090 0.02 
D i a s t o l i c 
Surqe (cms) 0.00 0.00 0.00 0.01 0.02 0.01 0.07 0.02 0 .609 0.01 
Obliquity 
Anqle (deq. )25.60 3.32 0.96 25.90 3.65 1.05 2.09 0.61 13 18 0 .999 0.30 
Rest to 
Work Ratio 1.52 0.57 0.16 1.63 0.50 0.14 0.49 0.14 46 50 0 .786-• 0.11 
S y s t o l i c 
Time (sees) 0.31 0.06 0.02 0.28 0.04 0.01 0.04 0.01 1 .417 0.24 
D i a s t o l i c 
Time (sees) 0.43 0.11 0.03 0.46 0.14 0.04 0.07 0.02 1 .400 0.03 
Fatigue 
Ratio 0.48 0.16 0.05 0.48 0.18 0.05 0.11 0.03 0 .033 0.000 
N = 12 
* = s i g n i f i c a n t at .05 l e v e l of confidence 

.05 l e v e l for student's " t " = 1.800 



TABLE IV . 
GROUP A, CAMERON HEARTOMETER MEASURES (STANDING) (mm) 

Test 
Items R .s. 

XI 
S.D. SEM R .S. 

X2 
S.D. SEM 

Xi -
S.D. 

X 2 S.S. 
SEM.D. t D 

Area Under 
Curve (sa cm)0 ,28 0.11 0.04 0 .32 0.11 0.03 0.03 0.04 5.000* ffi.04 
Pulse Rate 
(per min.) 67 .40 12.22 3.87 66 .90 13.68 4.32 4.28 1.25 0.370 0.50 
S y s t o l i c 
Amplitude 

(cms) 1 .04 0.36 0.11 1 .11 0.36 0.11 0.07 0.02 3.040* 0.07 
D i c r o t i c 
Notch 
Amplitude 

(cms) 0 .45 0.16 0.05 0 .57 0.17 0.05 0.07 0.02 0.864 0.02 
D i a s t o l i c 
Amplitude 

(cms) 0 .46 0.17 0.06 0 r48 0.18 0.06 0.07 0.02 0.869 0.02 
Obliquity 
Anqle (deq) 23 .30 3.40 1.08 21 .99 2.51 0.79 1.58 0.50 2.800* 1.40 
Rest to 
Work Ratio 1 T85 0.04 0.01 2 t35 0.05 0.02 0.04 0.01 38.46 * 0.50 
S y s t o l i c 
Time (sees) 0 .28 0.04 0.01 0 ,25 0.05 0.02 0.05 0.02 1.940* 0.03 
D i a s t o l i c 
Time (sees) 0 .53 0.10 0.03 0 .58 0.10 0.03 0.07 0.02 2.330* 0.05 
Fatigue 
Ratio 0 .45 0.13 0.04 0 ,42 0.08 0.03 0.10 0.03 0.030 0.03 
N = 10 
* = s i g n i f i c a n t at .05 l e v e l of confidence 

.05 l e v e l for student's " t " = 1.830 



TABLE V 
GROUP B, CAMERON HEARTOMETER MEASURES (STANDING)(mm) 

Test 
Items R.S. 

X l 
S.D. SEM R.S. x 2 

S.D. SEM 
x l " 
S.D. 

x 2 S.S. 
SEM.D. t 5 

Area Under 
Curve (sa cm)0.18 0.07 0.02 0.21 0.08 0.02 0.04 0.01 2.100* 0.03 
Pulse Rate 
(per min.) 89.00 13.15 3.80 87.00 16.49 4.76 6.31 1.82 1.090 2.00 
S y s t o l i c 
Amplitude 

(cms) 0.75 0.16 0.05 0.74 0.16 0.05 0.07 0.02 0.500* 0.01 
Di a c r o t i c 
Notch 
Amplitude 

(cms) 0.38 • 0.10 0.03 0.40 0.14 0.04 0.07 0.02 0.895 0.02 
D i a s t o l i c 
Amplitude 

(cms) 0.38 0.10 0.03 0.40 0.12 0.03 0.07 0.02 1.105 0.02 
D i a s t o l i c 
Surae (cms) 0.00 0.00 0.00 0.01 0.05 0.01 0.03 0.01 0.556 0.01 
Obliquity 
Anale (dea. )24.50 2.07 0.60 24.00 2.19 0.63 2.75 0.80 1.620 0.50 
Rest to 
Work Ratio 1.44 1.13 0.33 1.63 0.92 0.27 0.57 0.17 1.860 0.19 
Sy s t o l i c 
Time (sees) 0.29 0.06 0.02 0.26 0.03 0.01 0.06 0.02 1.000* 0.03 
D i a s t o l i c 
Time (sees) 0.39 0.13 0.04 0.43 0.13 0.04 0.06 0.02 1.880* 0.04 
Fatigue 
Ratio 0.54 0.20 0.06 0.56 0.20 0.06 0.09 0.03 0.912 . 0.02 
N = 12 
* = s i g n i f i c a n t at .05 l e v e l of confidence 

.05 l e v e l for student's " t " = 1.800 



TABLE VI 
GROUP A, CAMERON HEARTOMETER (EXERCISE) i(mtn) 

Test x 2 
X i - X 2 S.S. 

Items R.S. S .D. SEM R.S. S.D. SEM S.D. SEM.D. t D 

Sy s t o l i c 
Amplitude 1.02 0.32 0.10 1.10 0.33 0.10 0.12 0.04 2..180* 0.08 

N = 10 
* = s i g n i f i c a n t at .05 l e v e l of confidence 

.05 l e v e l for student's " t " = 1.830. 

TABLE VII 
GROUP B, CAMERON HEARTOMETER (EXERCISE)(mm) 

Test *1 X i - X2 S.S. 
Items R.S. S.D. SEM R.S. S.D. SEM S.D. SEM.D. t D 

Sy s t o l i c 
Amplitude 1.14 0.03 0.01 1.10 0.03 0.01 0.15 0.04 1.190 0.04 

N = 12 
* = s i g n i f i c a n t at .05 le v e l of confidence 

.05 l e v e l for student's " t " = 1.800 



TABLE VIII 
GROUP A AND GROUP B, LYING BLOOD PRESSURES (mm) AND PULSE RATES 

Test 
R.S. S.D. SEM R.S. 

x2 
S.D. SEM S.D. 2 

SEM.D. 
S.S. t D 

GROUP A 
Sy s t o l i c 
Pressure 130.10 13.89 4.39 139.00 15.03 4.75 13.37 4.23 2 .100* 8 .90 
D i a s t o l i c 
Pressure 73.20 13.30 4.20 72.60 12.39 3.92 18 .48 5.85 0 .103 0 .60 
Pulse 
Pressure 54.90 14.30 4.53 67.40 21.80 6.89 29.51 9.34 1 .340 12 .50 
Pulse 
Rate 64.60 9.55 2.03 61.70 9.09 2.88 10.72 3.39 0 .855 2 .90 

GROUP B 

S y s t o l i c 
Pressure 141.80 16.96 4.91 136.50 7.66 2.22 16.70 4.83 1 .100 5 .30 
D i a s t o l i c 
Pressure 83.00 14.87 4.29 75.60 8.49 2.45 15.94 4.61 1 .370 7 .40 
Pulse Pres
sure 59.50 13.97 4.03 61.00 11.00 3.17 15.00 4.34 0 .346 1 .50 
Pulse 
Rate 74.50 12.80 3.70 72.90 13.44 3.88 9.22 2.67 0 .637 1 .60 

N = 10 
* = s i g n i f i c a n t at .05 le v e l of confidence 

.05 l e v e l for student's " t " = 1.830 
N = 12 .05 l e v e l = 1.800 , . 



TABLE IX 
GROUP A, 5 MINUTE MUSCULAR ENDURANCE TEST 

Test 
Items 
(No.) R.S . 

X l 
S.D. SEM R.S . 

x2 
S .D. SEM 

X l " 
S.D. 

x 2 s 
SEM.D.XJL 

.S . 
x 2 t 5 

Push 
UDS 43.80- 10.86 6.40 45.10 8.46 2.68 6.40 2.03 76 79 0.640 1.30 

S i t 
UDS 27.80 5.10 1.61 35.90 4.50 1.42 3.00 0.30 45 66 27.361* 8.10 

Chest 
Raises 32.40 7.40 2.34 42.20 8.00 2.53 9.11 2.88 50 75 3.400* 9.80 

Double Back 
Leq Raises 36.80 8.52 2.70 43.80 7.86 2.49 4.66 1.48 60 74 4.720* 7.00 

Side Leg 
Raises (Alt.) 77.10 9.27 2.93 82.90 11.60 3.67 11.80 3.73 62 69 1.554 5.80 

S i t t i n g 
Tucks 55.80 11.08 3.50 59.90 14.33 4.53 11.45 3.62 48 52 l t131 4.10 

N = 10 
* = s i g n i f i c a n t at .05 le v e l of confidence 

.05 l e v e l for student's " t " = 1.830. 



TABLE X 
GROUP B, 5 MINUTE MUSCULAR ENDURANCE TEST 

Test *1 *2 X i -• x 2 S .S. 
Items R.S. S.D. SEM R.S. S.D. SEM S .D. SEM.D. Xl X2 t D 

Push 
UDS 45.50 23.02 6.65 51.40 19.34 5.58 7.42 2.14 80 89 2.761* 5.90 

S i t 
UDS 29.00 6.71 1.04 30.75 4.24 1.23 4.88 1.41 48 53 1.240 1.75 

Chest 
Raises 31.91 5.85 1.69 37.08 7.67 2.22 8.66 2.50 50 64 2.473* 5.17 

Double Back 
Lea Raises 31.75 8.77 2.53 35.33 9.62 2.78 8.07 2.33 50 57 1.540 3.58 

Side Leg 
Raises (Alt.) 74.33 12.36 3.57 77.25 11.-27 3.26 11.58 3.35 59 62 0.872 2.92 

S i t t i n g 
Tucks 47.66 11.54 3.50 54.00 16.85 4.87 11.58 3.35 40 46 1.893* 6.34 

N = 12 
* = s i g n i f i c a n t at .05 le v e l of confidence 

.05 l e v e l for student's " t " = 1.800 



TABLE XI 
GROUP A, DYNOMOMETRICAL STRENGTH TEST 

Test *1 X2 X l - x 2 
S .S. 

Items 
(lbs) 

R.S. S.D. SEM R.S. S.D. SEM S.D. SEM.D. Xl x 2 t D 

Right 
Grip 141.70 29.68 9.39 139.92 33.56 10.62 9.78 3.09 78 76 0.582 1.78 

Left 
Grip 140.80 23.12 7.32 140.36 30.55 9.67 11.86 3.75 85 84 0.107 0.44 

Back 
L i f t 375.00 81.16 25.68 380.00 83.80 26.52 45.01 17.09 52 53 0.291 5.00 

Leg 
L i f t 534.00 128.37 40.62 532.84 142.37 45.01 94.20 29.81 55 56 0.132 1.16 

Total 
Strength 1190.50 218.43 69.12 1308.30 232.02 73.42 115.60 36.58 59 60 0.486 17.80 

Strength 
Weight 7.55 0.59 0.19 7.72 0.71 0.23 0.66 0.21 66 70 0.809 0.17 

N = 10 
* = s i g n i f i c a n t at .05 l e v e l of confidence 

.05 for student's " t " = 1.830 



TABLE XII 
GROUP B, DYNOMOMETRICAL STRENGTH TEST 

Test X± X 2 X x - X 2 S.S. 
Items R.S. S.D. SEM R.S. S.D. SEM S.D. SEM.D. X l X 2 t D 
(lbs) ; . . . . : 

Right 
Grip 144.10 20.67 5.97 143.00 21.71 7.14 19.35 5.59 80 79 0.196 1.10 

Lef t 
Grip 140.90 25.75 7.44 139.00 20.33 5.88 15.02 4.34 77 75 0.456 1.90 

Back 
L i f t 332.50 63.85 18 .44 359.15 45.98 13 .29 57 .70 16 .68 41 48 1 .600 26 .66 

Leg 
L i f t 510.68 13.57 3 .92 519.00 12.91 3 .73 27 .41 7 .92 52 53 1 .051 8 .40 

Total 
Strength 1122.60 203.79 58 .90 1154.50 196.06 56 .66 97 .72 28 .23 52 55 1 .120 31 .90 

Strength 
Weight 6.72 0.95 0 .28 6.87 0.82 0 .24 0 .62 0 .08 50 53 0 .833 0 .15 

N = 12 
* = s i g n i f i c a n t at .05 l e v e l of confidence 

.05 for student's " t " = 1.800 



TABLE XIII 
GROUP A AND GROUP B, PROGRESSIVE STEP TEST 

Test X i X2 X i - X 2 S.S. 
Items R.S. S.D. SEM R.S. S.D. SEM S.D. SEM.D. X l X- t D 
(no.) . ; . — . — ; ; _ — . — ; . 

GROUP A 

3 Min. 
at 30 151.00 23.75 7.52 139.80 16.42 5.20 15.05 5.76 70 76 2.350*11.20 

1 Min. 
at 36 122.80 19.80 6.27 113.30 13.42 4.25 14.78 4.68 55 65 2.029* 9.50 

1 Min. 
at 30 104.90 26.C03 8.24 96.00 13.10 4^14 21.81 6.90 58 67 1.289 8.90 

GROUP B 

3 Min. 
at 30 151.16 20.96 6.06 157.33 27.78 8.03 19.45 8.51 69 65 0.725 6.17 

1 Min. 
at 36 126.10 19.61 5.67 127.20 17.70 5.12 18.30 5.29 52 51 0.208 1.10 

1 Min. 
at 36 105.10 16.46 4.76 103.40 15.51 4.48 12.30 3.56 58 60 0.478 1.70 

* = s i g n i f i c a n t at .05 l e v e l of confidence 
.05 for student's " t " = 1.830 for N = 12 

N = 10 " t " = 1.800 



TABLE XIV 
GROUP A, ADIPOSE MEASURES (mm) AND WEIGHT(lb) 

Test X l X2 XI - X2 S .S. 
Items R.S st: D. SEM R . i S. si: D. SEM S .D. SEM.D.X! *2 t D 
(mms) 

Chest 4. 61 1 ,01 0 .32 4 ,20 l ,21 0 ,38 0 .79 0. 25 60 62 1, .640 0 t41 

Trieep 5. 93 1 T46 0 .46 5 .36 l .22 0 .39 0 .63 0. 20 60 63 •2, ,850* 0 .57 

Subscapular 8. 40 2 ,22 0 ,73 7 .88 2 ,10 0 .69 0 .94 0. 30 60 63 2, .071* 0 ,52 

Umbilical 7. 49 2 .63 0 .83 7 ,05 2 .79 0 ,88 0 .45 0. 14 61 64 3, .142* 0 .44 

Supra I l i a c 8. 96 2 .56 0 .81 8 .47 2 .64 0 .84 0 .41 0. 13 59 60 3, .772* 0 .49 

Front Thiqh 8. 76 2 .32 0 .73 8 .41 2 .59 0 .82 0 .71 0. 22 65 66 1, .590 0 .35 

Total Fat 44. 06 11 »24 3 .56 41 .47 11 .20 3 .54 0 .06 0. 10 64 66 25-90* 2 ,59 

Percent Fat 7. 91 1 .09 0 ,35 7 .65 1 .13 0 .36 0 .05 0. 14 66 65 1, .938* 0 .26 

Weiaht 156. 90 26 t34 8 .33 156 ,80 27 .45 8 ,69 3 .52 1. 02 0, .098 0 .10 

N = 10 
* = s i g n i f i c a n t at .05 l e v e l of confidence 

.05 for student's " t " = 1.830 



TABLE XV • 
GROUP B, ADIPOSE MEASURES (mm) AND WEIGHT(lb) 

Test 
Items 
(mms) 

R.S. S.D. SEM R.S. 
x 2 

S.D. SEM 
x l -
S.D. 

x 2 s 
SEM.D.XI 

.S. 
t D 

Chest 5.20 1.38 0.40 4.86 1.44 0.42 1.05 0.30 64 65 1 .130 0.34 

Tricep 5.95 1.59 0.46 6.06 1.71 0.49 1.27 0.38 60 60 0 .297 0.11 

Subscapular 8.61 1.42 0.41 8.50 1.63 0.47 0.96 0.28 59 59 0 .393 0.11 

Umbilical 9.68 4.15 1.21 9.69 4.34 1.25 1.40 0.40 59 59 0 .250 0.01 

Supra i l i a c 11.87 4.94 1.43 12.52 6.63 1.92 3.03 0.96 59 52 0 .677 0.65 

Front Thiqh 9.24 4.10 1.18 10.09 3.49 1.01 1.45 0.42 65 61 1 .910* 0.85 

Total Fat 50.31 12.18 3.52 51.22 16.34 4.72 5.15 1.49 61 61 0 .544 0.87 

Percent Fat 8.58 1.24 0.36 8.63 1.63 0.47 0.51 0.15 61 61 0 .340 0.05 

Weicrht 169.75 20.05 5.79170.16 21.79 6.30 4.02 1.16 0 .353 

N = 12 
* = s i g n i f i c a n t at .05 level . of confidence 

.05 for student's " t " = 1.800 
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TABLE XVI 
COMPARISON OF U.B.C. VARSITY WRESTLING TEAM WITH U.W.O. VARSITY 

WRESTLING TEAM AT T 2 IN STANDARD SCORES 

Test 

1. Motor A b i l i t y 

Standing broad jump 
Alternate Hand-Wall Toss 
A g i l i t y Run 
S i t t i n g Basketball Throw 

2. 5 Minute Muscular Enduran 

Push Ups 
S i t Ups 
Chest Raises 
Double Back Leg Raises 
Side Leg Raises 
S i t t i n g Tucks 

3. Dynamic Strength Test 

Right Grip 
L e f t Grip 
Back L i f t 
Leg L i f t 
Total Strength 
Percent Strength 

4. Progressive Step Test 

3 at 30 
1 at 36 
1 at 30 
S i t t i n g Pulse Rate 

5. Adipose Measures 

Chest 
Tricep 
Sub Scapular 
Umbilical 
Supra I l i a c 
Front Thigh 
Total Fat 
Percent Fat 

.B.C. U.W.O. Differences 

65 70 -5 S.S. 
66 85 -19 
50 75 -25 
55 63 -8 

79 88 -9 
66 85 -19 
75 100+ -25+ 
74 100+ -26+ 
69 100+ -31+ 
52 94 -42 

76 41 +35 
84 49 +35 
53 70 -17 
56 73 -17 
60 69 -9 
70 72 -2 

76 73 +3 
65 60 +5 
67 62 +5 
74 65 +9 

62 67 -5 
63 58 +5 
63 63 0 
64 64 0 
66 61 -5 
66 65 -1 
66 65 -1 
65 65 0 
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TABLE XVII 

The res u l t s of the Health-Habit Questionnaire were 

as follows: 

Data 

Main course 
of study 

Age 

Height 

I l l n e s s before 
t l 
Smoking 

Sleep 

Non Wrestlers 

Science 

19.4 y r s . 

70.96" 

3 yes t o t a l 
11 days 

4 - 42/day 

7.08 hrs. 

Time of r e t i r i n g 11:30 

Eating 

Part time jobs 

Vigorous 
exercise 

Regular P.E. 

Mode of l i v i n g 
affected 

Condition -
s e l f bating 

Colds or i l l 
ness before t 2 

Change i n mode 
of l i v i n g 

10 - home 

No. Time Ave, 
3 24 8 

7 60 8.5 

6 13 2.17 

3 detrimental 

1 poor, 9 f a i r 
2 good 

Wrestlers 

Science 

21.3 

69.20 

1 yes t o t a l 
14 days 

1 - 5/day 

7.50 

11:40 

5 - home 

Total 

Science 

20.3 

70.11 

4 yes t o t a l 
25 days 

5 - 47/day 

7.28 

11:34 

15 - home 

No. Time Ave. No. Time 
3 12 4 6 36 

3 

3 

25 

5 

1.67 

1.67 

10 85 

19 18 

Ave 
6 

8.5 

1 detrimental 4 and 4 
4 b e n e f i c i a l 

1 poor, 7 f a i r 2 - 1 6 - 5 
3 good 

4 detrimental 2 detrimental 
1 b e n e f i c i a l 6 - 1 

Since some of the individuals o r i g i n a l l y tested 

dropped out, were injured or i l l , or withdrawn from school, i t 



72 

was n ecessary to r e c a l c u l a t e the t 1 f i g u r e s to i n c l u d e o n l y 

those w r e s t l e r s who were a v a i l a b l e f o r r e t e s t i n g . 



CHAPTER VI 

DISCUSSION OF RESULTS 

The following topics were covered i n the discussion 

of r e s u l t s : 

1. Differences between University of B r i t i s h 
Columbia required program and v a r s i t y wrestlers 
i n motor a b i l i t y . 

2. Required program and r e s u l t s . 

3. V a r s i t y program and r e s u l t s . 

4. Comparison of University of B r i t i s h Columbia 
with v a r s i t y wrestlers of the University of 
Western Ontario. 

5. Implications for coaching, t r a i n i n g and 
teaching. 

1. The re s u l t s from Table I show that Group A. and 

Group B were s i m i l a r on the-Western Motor A b i l i t y Test. The 

v a r s i t y group standard scores were not much higher than the 

required program standard scores and both groups were, on the 

whole, average or above average but not superior i n motor 

a b i l i t y . Thus, i t seemed l i k e l y that any differences between 

the two groups i n improvement in f i t n e s s were due to the t r a i n i n g 

programs and were not due to differences i n a b i l i t y to benefit 

from the t r a i n i n g . 

2. The t r a i n i n g regimen for the required wrestling 

program produced the following r e s u l t s . 

(a) Cardiovascular condition - the largest improve

ment was +5 standard scores. The le a s t improvement (actually a 

decrease) was -I standard score. There was no s t a t i s t i c a l l y 

s i g n i f i c a n t mean improvements. The t r a i n i n g program produced 
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very l i t t l e improvement in cardiovascular condition. 

(b) Adipose Measurements - the largest improvement 

was +1 standard score. The smallest improvement (actually a 

decrease) was - 7 standard scores. 

The subjects did not lose f a t as a r e s u l t of the 

t r a i n i n g program and i n two measurements (supra i l i a c s k i n f o l d 

and front thigh skinfold),, there were small increases i n 

adipose t i s s u e . 

(c) Muscular (Dynamometrical) Strength - the largest 

improvement was +7 standard scores. The smallest improvement 

(actually a decrease) was -2 standard scores. 

No s t a t i s t i c a l l y s i g n i f i c a n t mean improvements were 

obtained. The subjects did not improve i n s t a t i c strength as 

a r e s u l t of the t r a i n i n g program. 

(d) Dynamic Muscular Strength and Endurance - the 

largest improvement was +14 standard scores. The smallest 

improvement was +5 standard scores. 

Mean improvements i n three of the s i x variables (push 

ups, chest raises and s i t t i n g tucks) were s t a t i s t i c a l l y 

s i g n i f i c a n t . 

The t r a i n i n g program produced, on the whole, good 

improvements i n dynamic muscular strength and endurance. 

3. The t r a i n i n g regimen for the v a r s i t y wrestling 

team produced the following r e s u l t s . 
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(a) Cardiovascular Condition -

Cameron HeartometervMeasurements (i) S i t t i n g 

The largest improvement was +9 standard scores. The l e a s t 

improvement was +2 standard scores. 

Of the eleven variables measured, three showed 

s t a t i s t i c a l l y s i g n i f i c a n t mean improvements. 

Only i n two measurements (pulse rate and rest to work 

ratio) were i n i t i a l and f i n a l scores above average on the 

normative scales used. 

In many of the c h a r a c t e r i s t i c s of the s i t t i n g brachial 

pulse wave, the v a r s i t y wrestling team had, both before and 

a f t e r eight weeks of t r a i n i n g , measurements well below those 

of well conditioned endurance athletes such as swimmers, cross 

country runners, ice hockey players and rowers. 

( i i ) Standing 

Standard score scales were not available for standing 

measurements. 

Of the ten measurements made, s i x showed-statistically 

s i g n i f i c a n t mean increases on r e t e s t i n g . This was interpreted 

as shewing r e l a t i v e l y improved (hydrostatic) adjustment 

against g r a v i t a t i v e force acting on the blood column i n the 

standing p o s i t i o n . 

( i i i ) After One minute run i n place 

There was a s t a t i s t i c a l l y s i g n i f i c a n t increase i n 

s y s t o l i c amplitude of the pulse wave recorded af t e r the standard 
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exercise of a one minute run i n place. This was interpreted to 

mean that there was a r e l a t i v e improvement i n the force of the 

s y s t o l i c contraction a f t e r exercise, which i n turn probably 

r e f l e c t e d greater cardiac output. 

Lying Pulse Rate and Blood Pressure Measurements 

Lying s y s t o l i c pressure increased from 130 to 139 mm. 

Hg. which was a s t a t i s t i c a l l y s i g n i f i c a n t mean diffe r e n c e . 

R e l a t i v e l y higher s y s t o l i c pressures are not infrequently 

found in athletes in t r a i n i n g although many studies show a 

reduction i n s y s t o l i c blood pressure r e s u l t i n g from t r a i n i n g . 

The measurement i s highly variable unless taken under 

basal conditions and under the conditions in which measurements 

were made i n t h i s study, no r e l i a b l e i n t e r p r e t a t i o n can be made 

of the increase from (tl) to (t2). Mean l y i n g pulse rate 

changed from 64.6 to 61.7 which was not a s t a t i s t i c a l l y s i g n i f i 

cant improvement. This reduction of three beats per minute 

was s i m i l a r to the reduction i n s i t t i n g pulse rate measures 

by the Cameron Heartometer. 

Progressive Step Test 

The largest improvement was +10 standard scores. 

The l e a s t improvement was +6 standard scores. 

Two of the three pulse rate recovery counts taken 

af t e r b r i e f periods of work showed s t a t i s t i c a l l y s i g n i f i c a n t 

improvement as a re s u l t of the t r a i n i n g program. 

In contrast to the required program wrestlers, the 
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v a r s i t y wrestlers made r e l a t i v e l y good improvements i n cardio

vascular condition a f t e r eight weeks of t r a i n i n g . After eight 

weeks of tr a i n i n g , the means of a few variables, notably 

resting pulse rates, recovery pulse rates and rest to work 

r a t i o showed r e l a t i v e l y high positions (65 to 78 standard scores) 

on the standard score scales for normal young college men. 

Adipose Measurements 

The largest improvement was +3 standard scores. 

The l e a s t improvement was +1 standard score. 

There was a s t a t i s t i c a l l y s i g n i f i c a n t mean improvement 

(reduction) i n four of the xs.±X- s k i n f o l d measurements and a 

s t a t i s t i c a l l y s i g n i f i c a n t mean improvement in percent f a t . 

There was no change i n mean weight. 

The t r a i n i n g program thus produced small but s i g n i f i 

cant reductions i n adipose tissue without attendant mean weight 

l o s s . 

Muscular (Dynamometrical) Strength 

The largest improvement was +1 standard score. 

The l e a s t improvement (actually a decrease) was -2 

standard scores. 

The v a r s i t y wrestlers did not improve i n s t a t i c strength. 

Dynamic Muscular Strength and Endurance 

The largest improvement was +25 standard scores. 

The le a s t improvement was +4 standard scores. 
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Of the s i x variables measured, three showed s t a t i s 

t i c a l l y s i g n i f i c a n t mean improvements. Two of these were back 

muscle exercises (chest raises and double leg raises) and one 

used hip flexor and abdominal muscles ( s i t ups). 

The t r a i n i n g program produced good improvements i n 

muscular strength and endurance. 

3. The number of s i g n i f i c a n t changes brought about 

by the t r a i n i n g program i n s t i t u t e d for the v a r s i t y wrestling 

team showed the f i t n e s s values of wrestling t r a i n i n g when large 

amounts of time were devoted to i t . I t must be noted, however, 

that a l l of the physical f i t n e s s components did not prove 

s i g n i f i c a n t at the .05 l e v e l although most were u n i d i r e c t i o n a l 

p o s i t i v e l y . A most important r e s u l t was that strength, believed 

to be the basis of wrestling (a great deal of t r a i n i n g time 

was placed on t h i s factor) did not increase s i g n i f i c a n t l y i n 

the wrestlers. The four other main areas of f i t n e s s important 

i n wrestling (muscular endurance, cardiovascular endurance, 

pulse rate recovery and amount of adipose tissue prevalent) 

did, however, show s i g n i f i c a n t changes. 

That there were f i t n e s s changes due to wrestling 

t r a i n i n g can r e a d i l y be seen from the r e s u l t s . However, for 

v a r s i t y wrestlers to be i n peak condition, they should be in the 

upper range on normative tables for college men. I t was obvious 

that the t r a i n i n g program used by the U.B.C. v a r s i t y wrestlers 

was not vigorous enough to produce these desirable r e s u l t s . It 



could be concluded, therefore, that a new or revised t r a i n i n g 

program must be i n s t i t u t e d i f the wrestlers were to obtain 

desired l e v e l s of f i t n e s s . 

4. Comparison of Vars i t y Wrestlers of U.B.C. with 

Va r s i t y Wrestlers of U.W.O. 

The te s t results of these two groups were obtained 

at the beginning of t h e i r respective competitive seasons. 

Scores on the Western Motor A b i l i t y Test showed the 

U.W.O. wrestlers to be superior i n a l l events (five to twenty-

f i v e standard scores). A possible explanation of this difference 

was that the U.W.O. wrestlers were an a t h l e t i c a l l y superior 

group. A s t a t i s t i c a l analysis of mean difference between 

required program and v a r s i t y wrestlers at U.B.C. showed no 

s i g n i f i c a n t differences between groups i n any of the items of 

the Western Motor A b i l i t y Test. This would appear to confirm 

the impression that U.B.C. v a r s i t y wrestlers were not an 

a t h l e t i c a l l y outstanding group. 

The U.W.O. wrestlers were superior in a l l s i x items 

of the 5 Minute Muscular Endurance Test (nine to forty-two 

standard scores) and i n back and leg l i f t (seventeen standard 

scores r e s p e c t i v e l y ) . 

The U.B.C. wrestlers were superior i n hand grip 

strength ( t h i r t y - f i v e standard scores for both r i g h t and l e f t 

hands) a very large d i f f e r e n c e . U.W.O. wrestlers had only 
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average l e f t grip and below average r i g h t grip strengths. 

K r o l l (1) reported that Big Ten wrestlers had high upper body 

strength but below average grip strengths. Several of the 

inr.B.C. wrestling team were weight l i f t e r s with high grip 

s trengths but moderate back and leg strengths. The contribution 

of these men to the group mean scorespprobably explained the 

apparent anomaly in the differences in strength of these two 

groups. It was not possible to explain, however, why weight 

l i f t e r s should have high grip strengths but only average back 

and leg strengths on dynamometer t e s t s . 

There was moderate s u p e r i o r i t y of the U.B.C. team 

in the Progressive Step Test items (three to nine standard 

scores). The t r a i n i n g program for U.W.O. wrestlers could be 

described as a cardiorespiratory-muscular endurance program 

employing i n t e r v a l running c i r c u i t t r a i n i n g and muscular endur

ance exercises for speed. The U.B.C. t r a i n i n g program could 

be described as a muscular strength-muscular endurance program 

with muscular endurance exercises done for time ( i . e . power 

type),. Both groups had recovery pulse counts i n the Progressive 

Step Test which were rated well above average. I t was impos

s i b l e to explain the higher scores for U.B.C. wrestlers when 

the U.W.O. program seemed designed to produce s u p e r i o r i t y i n 

recovery pulse counts. A possible explanation i s the lack of 

r e l i a b i l i t y of bench stepping tests done without preliminary 

p r a c t i c e . 

Cureton (2) has shown the i n e f f i c i e n c y of the Harvard 
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Step Test as an indicator of cardiovascular condition when 

t r a i n i n g i n i t s method was not given previous to the t e s t i n g . 

A separate study (3) showed the increased p r e d i c t i v e a b i l i t y 

of the Harvard Test when preliminary t r a i n i n g was given. These 

conditions did not apply i n this study, since tests only at 

the beginning and end of the experiment were possible. 

Adipose measurements of the two teams were f a i r l y 

s i m i l a r , that i s , with a l l skinfolds above average (low f a t ) . 
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CHAPTER VII 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Summary 

Ten University of B r i t i s h Columbia v a r s i t y wrestlers 

and twelve required program wrestlers were given selected 

tests of cardiovascular condition, muscular strength, muscular 

endurance and f a t measurements. The tests were administered 

before the t r a i n i n g season and at the completion of the t r a i n i n g 

season which l a s t eight weeks. 

The r e s u l t s of (tl) and (t2) were compared s t a t i s 

t i c a l l y to study the e f f e c t s of the t r a i n i n g program on the 

physical f i t n e s s of the college v a r s i t y and required wrestlers. 

(t2) t e s t r e s u l t s of the U.B.C. v a r s i t y wrestlers 

were compared by means of standard scores taken from normative 

tables with the v a r s i t y wrestlers from University of Western 

Ontario (1962-63). 

Conclusions 

The t r a i n i n g program for the required program wrestling 

class produced the following r e s u l t s . 

1. There was no s t a t i s t i c a l l y s i g n i f i c a n t improvement 
i n cardiovascular condition as measured by the 
Brachial Pulse Wave and Progressive Step Test. 

2. There were no s i g n i f i c a n t changes i n fat as 
measured by Harpenden Calipers using skinfolds 
at s i x s i t e s . 

3. There were no s i g n i f i c a n t changes i n s t a t i c strength 
using l e f t and r i g h t hand grip and back and 
leg p u l l s on the dynamometer. 

4. There were s t a t i s t i c a l l y s i g n i f i c a n t improvements 
in dynamic muscular strength and endurance as 
measured by three exercises each repeated as 
many times as possible in one minute. 
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The t r a i n i n g program for the v a r s i t y wrestling team 

produced the following r e s u l t s . 

1. Cardiovascular Condition 

In contrast to the required program wrestlers, 

v a r s i t y wrestlers made s t a t i s t i c a l l y s i g n i f i c a n t improvements 

i n cardiovascular condition. i 

Brachial Pulse Wave Measurements 

(a) Measurements at (tl) and (t2) were well below 

those of well conditioned endurance swimmers, endurance 

runners' and ice hockey players and v a r s i t y rowers. 

(b) The decrease i n s y s t o l i c time and increase i n 

d i a s t o l i c time of the s i t t i n g waves showed s i g n i f i c a n t improve

ment i n the r e l a t i v e time sequence of the work and re s t 

periods of the heart stroke. A more rapid contraction,, i n d i c a 

t i n g greater force and c o n t r a c t i l i t y of the heart muscle was 

followed by increased d i a s t o l i c or r e s t i n g time. 

The mean reduction i n o b l i q u i t y angle was interpreted 

to mean r e l a t i v e l y higher ejection v e l o c i t y of the blood at 

each stroke. 

(c) S t a t i s t i c a l l y s i g n i f i c a n t mean improvements 

in the standing pulse waves were interpreted as showing improved 

hydrostatic adjustment against g r a v i t a t i o n a l forces i n the 

upright stance, that i s , improvement i n the autonomic nervous 

system control of o r t h o s t a t i c r e f l e x e s . 

(d) S i g n i f i c a n t mean increase i n the s y s t o l i c ampli

tude of the pulse wave af t e r exercise (one minute run i n place) 

was interpreted 
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as showing increased venous return with consequent higher 

stroke volume. 

Progressive Step Test (Recovery Counts) 

(a) Two of the three variables showed s i g n i f i c a n t 

improvement. This indicated improved a b i l i t y to recuperate 

from moderate hard work of b r i e f duration. 

2. Adipose Measures 

The t r a i n i n g program produced small but s i g n i f i c a n t 

reductions i n four out of s i x sk i n f o l d measurements. There 

was no decrease i n body weight. This was considered a change 

in the r i g h t d i r e c t i o n towards moderate thinness desired in 

wrestlers. 

3. Dynamometrical Strength 

The t r a i n i n g program produced no changes i n s t a t i c 

strength. There was no concentration upon weight l i f t i n g or 

s t a t i c (isometric) exercises other than the wrestling program 

i t s e l f plus man l i f t and carry exercises. This r e s u l t shows a 

need for further investigation into t r a i n i n g methods designed 

to produce improvements i n strength during wrestling t r a i n i n g . 

4. Dynamic Strength and Endurance 

Of s i x variables used, three showed s i g n i f i c a n t 

improvements. The t r a i n i n g program produced b e n e f i c i a l changes 

in muscular endurance as measured by the number of repetitions 

each exercise was performed i n one minute. 
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Motor A b i l i t y 

In comparison with University of Western Ontario 

wrestlers, the U.B.C. v a r s i t y team was much i n f e r i o r i n motor 

a b i l i t y . Also there was no s i g n i f i c a n t difference;:, between 

U.B.C. v a r s i t y and required program wrestlers i n any items of 

the Western Motor A b i l i t y Test. Assuming t h i s t e s t accurately 

measured motor a b i l i t y , the U.B.C. wrestling team thus appeared 

to be a very ordinary group, that i s , a t h l e t i c a l l y not out

standing. A group l i k e t h i s probably would require very adequate 

pre-season conditioning and within season t r a i n i n g over several 

years to raise the performance a b i l i t y to a superior l e v e l . 

Implications of Results for Training Programs 

It seemed evident that the required program course 

in wrestling was eithe r not frequent enough nor long enough 

i n duration to produce good improvements i n cardiovascular 

condition, adipose tissue or strength. The. r e s u l t s of thi s 

study and of other studies showed that i t was possible to improve 

muscular endurance performance i n required program classes 

dufcing the course of one term. Since i t was evidently much 

easier to produce changes i n muscular endurance performance 

than to produce changes i n other areas off f i t n e s s , future 

studies of the required program should probably concentrate on 

finding out what kinds of exercise regimens w i l l produce 

improvements i n parameters c l a s s i f i e d under these other areas 

of f i t n e s s . 
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The v a r s i t y wrestlers started with t. below average 

cardiovascular measurements (except for resting pulse and 

recovery pulse rates) and i n a majority of the variables, 

measurements did not increase much above average. It would 

seem desirable that wrestlers should have excellent cardio

vascular condition i n order to wrestle a l l out for periods of 

ten minutes with attendant frequent demand for very hard 

(maximal) bursts of e f f o r t . This would probably require con

centrated p a r t i c i p a t i o n i n a pre-season endurance running 

program using i n t e r v a l methods. 

Recommendations 

1. Pew tests have been made concerning the e f f e c t s 

of various t r a i n i n g programs upon wrestlers. Most experts 

agree that a high l e v e l of physical f i t n e s s i s necessary to be 

successful at wrestling at both the beginner and expert l e v e l s . 

I t i s recommended that more research be conducted i n the area 

of physical f i t n e s s for wrestling. 

2. I t i s of the utmost importance to physical 

education teachers and to coaches to know the changes that occur 

i n i n d i v i d u a l s a f t e r a season on the a t h l e t i c f i e l d or in a 

physical education a c t i v i t y . Most physical educators w i l l agree 

that good cardiovascular condition, physical f i t n e s s , motor 

fitn e s s and strength are valuable outcomes of a t h l e t i c s and 

physical education programs. I t i s upon t h i s assumption that 

th i s investigation was ca r r i e d out. 
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In Canada and the United States, few modern wrestling 

programs are being carried out (simple running and c a l i s t h e n i c s 

programs mainly exist) and the author firmly believes that a 

s c i e n t i f i c a l l y designed t r a i n i n g program i s desirable and 

necessary a l l year round i n order to bring wrestlers i n t h i s 

country into world rank. 

3. Tests of the kind i n t h i s study should be employed 

by teachers and coaches in order to determine f i t n e s s l e v e l s 

of successful wrestlers. This knowledge could then be used to 

diagnose weaknesses and lack of f i t n e s s i n "team members" or 

beginners with aspirations for team membership. 

4. Studies of t r a i n i n g programs for wrestlers should 

use maximal oxygen intake measurements taken on wrestlers 

before and during the course of a t r a i n i n g season. This would 

be the most s a t i s f a c t o r y way of measuring changes i n cardio

vascular condition brought about by the t r a i n i n g methods used. 

5. In view of the i n d i f f e r e n t changes i n f i t n e s s 

produced i n eight weeks of p a r t i c i p a t i o n i n the required program 

of wrestling, some investigation should be made of the e f f e c t s 

produced by wrestling programs extended to at l e a s t sixteen 

weeks, that i s , for a whole academic year. 
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APPENDIX A 
INDIVIDUAL SCORE SHEET 

TEST RESULTS (tl) 

NAME 

ADDRESS 

WEIGHT. 

HEIGHT. 

Test I 

Muscular Endurance 

push ups (no.) 
s i t ups (no.) 
chest raises (no.) 
leg raises (no.) 
side leg raises.(no.) 
s i t t i n g tucks (no.) 

Motor A b i l i t y 

s i t t i n g basketball throw 
broad j uitip (' & ") 
a g i l i t y run (sec.) 
hand-wall toss (no.) 

(' & ") 

Strength Progressive Pulse Ratio 

l e f t grip (lbs.) 
r i g h t grip (lbs.) 
back l i f t (lbs.) 
leg l i f t (lbs.) 

1 min. at.30/min. (no.) 
1 min. at 36/min. (no.) 
3 min. at 30 (no.) 

Fat 

chest 
sub scapular 
t r i c e p 
umbilical 
supra i l i a c 
front thigh 

Heartometer Readings 

systole (cms.) 
dia s t o l e (cms.) 
pulse rate (no.) 
area under curve (sq. cms.) 
rest to work r a t i o (times) 
fatigue r a t i o 
d i c r o t i c notch amplitude (cm) 
o b l i q u i t y angle (degrees) 
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APPENDIX B 
RAW MEAN SCORES OF THE WESTERN MOTOR ABILITY TEST 

GROUP A 

GROUP B 

Subject: (tl) 

A.R. B.J. . W.T. B.T. 

17.8 92.5 30.5 43.72 

Subject: (t2) 

A.R. B.J. W.T. B.T. 

19.0 91.5 28.6 42.02 

A. R. = a g i l i t y run (sec.) 

B. J . = broad jump (' & ") 

W.T. = wall toss (no.) 

B.T. = basketball throw (' & ") 
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APPENDIX C 
RAW SCORES OF THE 5 MINUTE MUSCULAR ENDURANCE TEST 

GROUP A 

(tl) (t2) 

p.u. s.u. c r . l . r . s . l . r . s . t . p.u. s.u. c.r. l . r . 

43.8 27.8 32.4 36.8 77.1 55.8 45.1 35.9 42.2 43.8 

s . l . r . s . t . 

82.9 59.9 

GROUP B 

(t2) (t2) 

p.u. s.u. c.r. l . r . s . l . r . s . t . p.u. s.u. c.r. l . r . 

45.4 29.0 31.9 31.8 74.3 47.7 51.4 30.8 37.1 35.3 

s . l . r . s . t . 

72.3 54.0 

p.u. = push ups (no.) 

s.u. = s i t ups (no.) 

c.r. = chest raises (no.) 

l . r . = leg raises (no.) 

s . l . r . = side leg raises (no.) 

s.t . = s i t t i n g tucks (no.) 
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APPENDIX D 
RAW SCORES OF THE TOTAL DYNAMOMETER STRENGTH TEST 

GROUP A 

(tl) 

l . g . r.g. b . l . 

141.7 140.8 375 

1.1. 

537 

GROUP B 

(tl) 

l . g . r.g. b . l . 1.1. 

140.9 144.1 332.5 510.7 

(t2) 

l . g . r.g. b . l . 1.1 

139.9 140.4 380 538 

(t2) 

l . g . r.g. b . l . 1.1. 

139.0 143.0 359.2 519 

Total Group I (tl) % 

1190.5 7.5 

Total Group II (tl) % 

1126.6 6.7 

Total Group I (t2) % 

1208.3 7.7 

Total Group II (t2) % 

1154.5 6.9 

l . g . = l e f t grip (lbs.).-
r.g. = r i g h t grip (lbs.) 
1.1. = leg l i f t (lbs.) 
b . l . = back l i f t (lbs.) 
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APPENDIX E 
RAW SCORES OF THE PROGRESSIVE PULSE RATE'.'.. TEST 

GROUP A 

( t l ) 

30 

104.9 

36 

122.8 

3" 

151 

(t2) 

30 

96.0 

36 

113.3 

3' 

139.8 

GROUP B 

( t l ) 

30 

105.1 

36 

126.1 

3' 

151.2 

(t2) 

30 

103.4 

36 

127.2 

3' 

157.3 

30 = 30 step/min. 

36 = 36 steps/min. 

3* = 3 min. a t 30/min. 
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APPENDIX F 
RAW SCORES OF THE SUBCUTANEOUS FAT MEASUREMENTS 

GROUP A 

(tl) 

c. t r . s.s. u. 

4.6 5.9 8.4 7.5 

(t2) 
s i . t . c. t r . s.s. u. s i . t . 

9.0 8.8 4.2 5.4 7.9 7.1 8.5 8.4 

GROUPAB 

(tl) 

c. t r . s.s. 

5.2 6.0 8.6 

u. s i . t . 

9.7 11.9 9.3 

(t2) 
c.- t r . s.s. u. s i . t . 

4.9 6.1 8.5 9.7 12.5 10.1 

Total Group A (tl) % 

44.1 7.9 

Total Group B (tl) % 

50.3 8.6 

Total Group A • (t2) % 

41.5 7.6 

Total Group B (t2) % 

51.2 8.6 

c. = chest (mm) 
t r . = t r i c e p (mm) 
s.s. - sub scapular (mm) 
u. = umbilical (mm) 
s i . = supra i l i a c (mm) 
t. '= front thigh (mm) 
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APPENDIX G 
RAW SCORES OF THE HEARTOMETER READINGS 

GROUP A 

( t l ) e c / 
a.c. s. d. D . ae f . r 

S i t t i n g .215 1.00 .46 61.9 2.06 .48 

S t a n d i n g .28 1.04 .46 67.4 . 1.9 .45 

E x e r c i s e .27 1.02 .40 77.6 1.6 .42 

(t2) 

S i t t i n g .264 1.04 .48 58.7 2.30 .47 

S t a n d i n g .32 1.11 .49 66.9 2.4 .42 

E x e r c i s e .31 1.10 .47 72.2 2.1 .43 

GROUP B 

( t l ) 

S i t t i n g .18 .69 .33 79.7 1.5 .48 

S t a n d i n g .18 .75 .38 88 .0 1.4 .54 

E x e r c i s e .22 1.14 .25 94.6 1.4 .23 
7Ct2) 

S i t t i n g .20 .71 .35 76.8 1.6 .48 

S t a n d i n g .21 .74 .40 87 .0 1.6 .57 

E x e r c i s e .24 1.1Q .29 90.4 1.5 .23 

f . r . = f a t i g u e r a t i o 
a.c. = a r e a under c u r v e 
s. = s y s t o l e a m p l i t u d e 
d. = d i a s t o l e a m p l i t u d e 
p. = p u l s e r a t e 
ec/ae = work t o r e s t r a t i o 



100 

APPENDIX H 
ENVIRONMENT QUESTIONNAIRE 

PHYSICAL EDUCATION REQUIRED PROGRAM 

HEALTH-HABIT QUESTIONNAIRE 

Name : •  

Address; • Phone:. 

P.E. Course: Main F i e l d of Study:. 

Age: Height , f t . i n . Weight 

Instructions: 

Please answer as c a r e f u l l y and as accurately as 
you can each of the following questions concerning your health 
habits. You are asked for thi s information i n order that we 
may more accurately analyze the res u l t s of your physical f i t 
ness t e s t s . Your answers w i l l be kept c o n f i d e n t i a l . 

Section A i s to be completed and returned at the 
next class meeting. Section B w i l l be completed at the time 
of the f i n a l t e s t i n g . 

Section A 

1. Have you experienced any i l l n e s s since the term began? 
(include severe colds) . i f so l i s t : 

(a) How long 
(b) ll 
(c) 

2£" Do you smoke? i f so, how much? 

Cigarettes 
Cigars ; 
Pipe ; 

3. How many hours of sleep per night on the average? 
What i s your usual time of going to bed? 

4. Do you eat at home, residence h a l l , f r a t e r n i t y , cook for 
s e l f , c a f e t e r i a or restaurant? 
Indicate which • 

5. I f you have a part time job during the term, indicate how 
many hours per week. 
What are your hours of work? 
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6 . Before t h i s term began were you going any regular vigorous 
exercise of hard manual work? 
If so, how many hours per day? (approximately) 

7. Are you engaging i n any regular physical exercise of 
a c t i v i t y or hard manual work (other than t h i s class) 
during t h i s term? ; ; ; -

If so, how many hours per day? • • • 

8. Is there anything in your present mode of l i v i n g which i n 
your opinion might adversely or favourably influence your 
physical f i t n e s s ? 
I f so, discuss: 

9. When you started the physical conditioning class t h i s term 
did you consider yourself to be i n good __, 
f a i r • ' ' , poor physical condition 
as a r e s u l t of your summer a c t i v i t i e s ? 

Section B 

1. Have you had a severe cold or other i l l n e s s recently? 
I f so, describe: 

2. Has there been any recent change i n your mode of l i v i n g 
(smoking, sleeping, eating, working, exercising, etc.) 
which might adversely or b e n e f i c i e n t l y a f f e c t your state 
of physical f i t n e s s ? ' ; ; 
If so, describe: 
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APPENDIX I 
HEARTOGRAM SCALES FOR AVERAGE PULSE WAVE 

YOUNG MEN 18-25 YEARS 

C l a s s i f i c a t i o n S y s t o l i c D i a s t o l i c Area Rest to Work 
Pulse Pulse Under Ratio 
Wave Wave Curve 
Amplitude Amplitude 

cms. cms. cms. Times S.S. % 

Excellent 2.06 1.00 .66 3.59 100 99.87 
1.97 .95 .62 3.42 - 95 99.65 
1.88 .90 .59 3.25 90 99.18 

Very Good 1.79 .85 .55 3.08 85 98.20 
1.70 .80 .51 2.91 80 96.40 
1.61 .75 .48 2.74 75 93.30 

Good 1.52 .70 .44 2.57 70 88.46 
1.43 .65 .41 2.40 65 81.60 
1.34 .60 .37 2.23 60 72.60 

Average 1.25 .55 .33 2.06 55 61.80 
1.16 .50 .30 1.89 50 50.00 
1.07 .45 ' .26 1.72 45 38.20 

F a i r .98 .40 .23 1.55 40 27.40 
.89 .25 .10 1.38 35 18.40 

- .80 .30 .15 1.21 30 11.50 

Poor .71 .25 .12 1.04 25 6.70 
.62 .20 .08 0.87 20 3.60 
.53 .15 .05 0.70 15 1.80 

Very Poor .44 .10 .01 0.53 10 0.82 
.35 .05 .095 . 0.36 5 0.35 
.06 .00 0.00 0.19 0 0.14 

M 1.164 .500 2.98 1.897 
0~~ .304 .172 .122 0.551 
N 110 110 110 110 
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APPENDIX J 
UNIVERSITY OF WESTERN ONTARIO VARSITY WRESTLING TEAM MEAN SCORES 

1963 (t2) 
( 

Western Motor A b i l i t y Significance Increase Level 

A g i l i t y run 16.6 sec. 
Standing broad jump 96.7 i n . 
Wall toss 32.9 
Basketball throw 46.9 

Progressive Pulse Ratio 

30 steps/min. 101.1 
36 steps/min. 116.6 
3 min. at 30 steps/min. 145.3 1% 

Total Dynamometer Strength 

Right grip 107.7 
Left grip 106.8 
Back l i f t 446.3 
Leg l i f t 643.8 
Total strength 1304.4 

Adipose Measurements 

Chest 4.2 1% 
Tricep 6.6 1% 
Sub scapular 7.6 1% 
Supra i l i a c 8.0 1% 
Abdomen 7.1 1% 
Front thigh 8.9 1% 
Total Fat 42.1 1% 
% Fat 7.7 1% 

5 Minute Muscular Endurance 

Push ups 67.5 
S i t ups 49.1 
Chest raises 66.7 
Double back leg raises 
Side leg raises 116.6 
S i t t i n g tucks 105.6 

5% 

5% 
66.7 1% 

5% 
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APPENDIX K 

P H Y S I C A L F I T N E S S 

A P P R A I S A L 

N O R MIA T I V E T A B L E S 

F O R 

C O L L E G E M E N 

MICHAEL S. YUHASZ, Ph.D. 
PHYSICAL FITNESS RESEARCH LABORATORY 

THE UNIVERSITY OF WESTERN ONTARIO 
LONDON, CANADA 

June/6 2 



WESTERN MOTOR ABILITY 
COLLEGE MEN 

C l a s s i f i c a t i o n Standard A g i l i t y Standing Alternate S i t t i n g Standard Percen 
Score Run Broad Wall Toss Basket Score t i l e 

(sees.) Jump (no.) b a l l 
(ft.&in) Throw 

(ft.) 
100 14.7 9'3" 42 65 100 99.87 

Excellent 95 15.1 9'0" 40 62 95 99.65 
90 15.4 8'10" 39 60 90 99.18 
85 15.7 8'7" • 37 58 85 98.12 

Very Good 80 16.0 8'5" 35 55 80 96.4 Very Good 
75 16.3 8' 2 " 33 53 75 93.3 
70 16.6 8'0" 32 51 70 88.4 

Above Average 65 16.9 7'9" 30 49 65 81.6 
60 17.2 7'7V 28 46 60 72.6 
55 17.5 7'4" 26 44 55 61.8 

Average 50 17.8 7'2" 25 41 50 50.0 
45 18.1 6'11" 23 39 45 38.2 
40 18.5 6'9" 21 37 40 27.4 

Below Average 35 18.8 6'6" 20 34 35 18.4 
30 19.1 6'4" 18 32 30 11.5 

• 25 19.4 6*1" 16 29 25 6.7 
Poor 20 19.7 5 '10" 14 27 20 3.6 

15 20.0 5'8" . 13 25 15 1.8 
10 20.3 5'5" 11 22 10 0.82 

Very Poor 5 20.6 5'3" 9 20 5 0.35 
0 20.9 5'0" 7 18 0 0.14 



FAT MEASUREMENTS 
COLLEGE MEN 

C l a s s i f i c a t i o n Stand Che; st Trii cep Sub- Supra- Abdomen Front Total % Fat Standard 
ard scap- i l i a c - Score 

- Score l a r 
100 100 

Defici e n t 95 0 .0 95 
90 0 .2 0 .0 0 .0 90 
85 1 .2 1 .4 1 .5 3 .1 3 .8 85 

Very Thin 80 2 .1 2 .8 0 .0 0 .0 3 .1 12 .9 4 .9 80 Very Thin 
75 0 .8 3 .1 4 .2 1 .2 1 .9 5 .2 23 .7 5. 9 75 
70 2 .8 4 .0 5 .6 3 .6 4 .3 7 .0 32 .5 6 .7 70 

Thin 65 4 .8 5 .0 7 .0 6 .1 6 .7 8 .9 42 .3 7 .7 65 
60 6 .8 6 .0 8 .4 8 .5 9 .2 10 .7 52 .3 8 .7 60 
55 8 .8 7 .9 9 .8 11 .0 11 .6 12 .6 61 .9 9 .7 55 

Average 50 10 .8 8 .8 11 .2 13 .5 14 .0 14 .4 72 .0 10 .6 50 Average 
45 12 .8 9 .8 12 .6 15 .9 16 ,4 16 .2 81 ,5 11 T5 45 
40 - 14 .8 10 .8 14 .0 18 .3 18 .8 18 .1 91 .3 12 .5 40 

Plump 35 16 .8 11 .7 15 .4 20 .8 21 .2 19 .9 101 .1 13 .4 35 Plump 
30 18 .8 12 .7 16 .8 23 .2 23 .7 21 .8 110 .9 14 .4 30 
25 20 .8 13 .6 18 .2 25 .7 26 .1 23 .6 120 .7 15 .4 25 

Fat 20 22 .8 14 .6 19 .6 28 .2 28 .5 25 .4 130 .5 16 .3 20 
- • - 15 24 .8 15 t6 21 »o 30 .6 30 .9 27 .3 140 .3 17 .2 15 

10 26 .8 16 .5 22 .4 33 .0 33 .4 29 .1 150 .1 18 .2 10 
Obese 5 28 .8 17 .5 23 .8 35 .5 35 .7 30 .9 160 .1 19 .2 5 

• 0 30 .8 18 .4 25 .2 38 .0 38 .2 32 .7 170 .0 20 .1 0 



5 MINUTE MUSCULAR ENDURANCE TEST 
COLLEGE MEN 

C l a s s i f i c a t i o n Standard Push ups S i t ups Chest Double Side Leg S i t t i n g Standard 
Score (60 sec) (60 sec) Raise Leg Raise Tucks Score 

(30 (30 (60 sec) (60 sec) 
sec) sec) 

100 57 48 53 58 109 111 100 
Excellent 95 55 46 51 55 105 106 95 

90 52 44 49 52 101 101 90 
85 49 43 47 50 96 95 85 

Very Good . 80 46 41 44 47 92 90 80 
75 43 39 42 45 88 84 75 
70 41 37 40 42 84 79 70 

Above Average 65 38 35 38 40 80 73 65 
60 35 33 36 -37 75 68 60 

- 55 34 32 34 34 71 63 55 
Average 50 31 30 32 32 67 58 50 

45- 28 28 30 29 63 53 45 
40 25 26 28 27 59 48 40 

Below Average 35 23 24 26 24 54 42 35 
30 20 22 24 22 50 37 30 
25 17 21 22 19 46 32 25 

Poor 20 14 19 20 17 42 26 20 
• - - 15 12 17 18 14 38 21 15 

10 9 15 16 12 34 16 10 
Very Poor 5 6 13 14 9 29 11 5 

0 3 11 11 • 7 25 6 0 



DYNAMOMETER STRENGTH TEST 
COLLEGE MEN 

C l a s s i f i c a t i o n Standard Right Left Back Leg Total Strength Standard 
Score Grip Grip L i f t L i f t Stren Per l b . Score 

(lbs) (lbs) (lbs) (lbs) gth of Body 
(lbs) Weiqht 

100 162 155 568 836 1639 9.64 100 
Excellent 95 158 150 548 802 1583 9.33 95 
- 90 15 3 145 528 768 1529 9.02 90 

85 148 141 508 734 1475 8.71 85 
Very Good 80 144 136 488 700 1421 8.40 80 Very Good 

75 139 131 468 666 -1367 8;09 75 
70 135 126 448 632 1313 7 .78 70 

Above Average 65 130 122 428 598 1259 7.47 65 Above Average 
60 125 117 408 564 1205 7.16 60 
55 121 112 388 530 1151 6.95 55 

Average 50 116 108 368 496 1097 6.74 50 Average 
45 112 103 348 462 1043 6.43 45 
40 107 98 328 428 989 6.12 40 

Below Average 35 102 94 308 394 935 5.81 35 
- 30 98 89 288 360 881 5.50 30 

25 93 83 268 326 827 5.19 25 
Poor 20 89 78 248 292 763 4.88 20 

15 84 74 228 258 709 4.57 15 
10 79 69 208 224 655 4.26 10 

Very Poor 5 75 64 188 190 601 3.95 5 Very Poor 
0 70 60 168 156 547 3.64 0 



PULSE RATE RECOVERY 
COLLEGE FRESHMEN 

C l a s s i f i c a t i o n S i t t i n g 3 Min. 
Pulse One Minute Step Tests Test Standard 

- • Rate 24/Min. 30/Min. 36/Min. 30/Min. Score 
39 46 60 74 108 100 

Excellent 44 51 65 79 115 95 
48 56 70 85 122 90 
52 62 76 90 129 85 

Very Good 57 67 81 96 135 80 
61 73 87 101 143 75 
65 78 92 106 150 70 

Good 70 83 98 112 157 65 
. 74 88 103 118 163 60 

78 94 109 123 170 55 
Average 82 99 114 128 177 50 Average 

87 . 104 -119 134 184 45 
91 110 125 139 191 40 

Fa i r 95 115 130 145 198 35 
- • • • 100 120 136 150 205 30 

104 126 141 156 212 25 
Poor 108 131 147 161 219 20 

113 136 152 167 225 15 
117 141 158 172 232 10 

Very Poor 121 147 163 177 239 5 Very Poor 
125 152 169 183 246 0 
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