
Louisiana State University Louisiana State University 

LSU Scholarly Repository LSU Scholarly Repository 

LSU Historical Dissertations and Theses Graduate School 

1972 

Effect of Different Levels of Physical Fatigue Upon Motor Learning Effect of Different Levels of Physical Fatigue Upon Motor Learning 

and Subsequent Motor Performance. and Subsequent Motor Performance. 

Jerry R. Stockard 
Louisiana State University and Agricultural & Mechanical College 

Follow this and additional works at: https://repository.lsu.edu/gradschool_disstheses 

Recommended Citation Recommended Citation 
Stockard, Jerry R., "Effect of Different Levels of Physical Fatigue Upon Motor Learning and Subsequent 
Motor Performance." (1972). LSU Historical Dissertations and Theses. 2250. 
https://repository.lsu.edu/gradschool_disstheses/2250 

This Dissertation is brought to you for free and open access by the Graduate School at LSU Scholarly Repository. It 
has been accepted for inclusion in LSU Historical Dissertations and Theses by an authorized administrator of LSU 
Scholarly Repository. For more information, please contact gradetd@lsu.edu. 

https://repository.lsu.edu/
https://repository.lsu.edu/gradschool_disstheses
https://repository.lsu.edu/gradschool
https://repository.lsu.edu/gradschool_disstheses?utm_source=repository.lsu.edu%2Fgradschool_disstheses%2F2250&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.lsu.edu/gradschool_disstheses/2250?utm_source=repository.lsu.edu%2Fgradschool_disstheses%2F2250&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:gradetd@lsu.edu


INFORMATION TO USERS

This dissertation was produced from a microfilm copy of the  original docum ent. 
While the  most advanced technological means to  photograph and reproduce this 
docum ent have been used, the  quality  is heavily dependen t upon the  quality  of 
the  original submitted.

The following explanation o f  techniques is provided to  help you understand 
markings or patterns which may appear on this reproduction.

1. The sign or ' ' ta rge t ' '  for pages apparently  lacking from the  docum ent 
photographed is ''Missing Page(s)". If it was possible to  obtain  the 
missing page(s) or section, they are spliced into the film along with 
adjacent pages. This may have necessitated cutting  thru  an image and 
duplicating adjacent pages to  insure you com plete  continuity .

2. When an image on the  film is obliterated with a large round black 
mark, it is an indication th a t  the  photographer suspected th a t  the  
copy may have moved during exposure and thus cause a blurred 
image. You will find a good image of the  page in the  adjacent frame.

3. When a map, drawing or chart, etc., was part o f the  material being 
p h o to g r a p h e d  the  photographer followed a definite m ethod  in 
"sectioning" the material. It is custom ary to  begin photoing at the  
upper left hand corner of a large sheet and to  continue  photoing from 
left to  right in equal sections with a small overlap. If necessary, 
sectioning is continued  again — beginning below the  first row and 
continuing on until complete.

4. The m ajority of users indicate that  the  textual con ten t  is of greatest 
value, however, a som ew hat higher quality reproduction could be 
made from "pho tographs"  if essential to  the  understanding of the  
dissertation. Silver prints of "pho tographs"  may be ordered at 
additional charge by writing the  Order Departm ent, giving the  catalog 
number, title, au tho r  and specific pages you wish reproduced.

University Microfilms
300 N orth Z eeb  R oad
Ann Arbor, M ichigan 48106

A Xerox E ducation  C om pany



7 2 - 2 8 , 3 8 5

STOCKARD, Jerry R., 1939-
EFFECT OF DIFFERENT LEVELS OF PHYSICAL 
FATIGUE UPON MOTOR LEARNING AND SUBSEQUENT 
MOTOR PERFORMANCE.

The Louisiana State University and 
Agricultural and Mechanical College, Ed.D., 1972 
Educat ion, phys ical

University Microfilms. A \ERQX C om p an y . A nn A rbor. M ichigan

TH TG  nT C G PD TA T TnK I HAQ R P P N  M T rD n P T lM P n  C Y A PT ! v  A c D c r n T i r c n



EFFECT OF I)IFFERENT LEVELS OF PHYSICAL FATIGUE UPON 

MOTOR LEARNING AND SUBSEQUENT 

MOTOR PERFORMANCE

A D i s s e r t a t i o n

S u b m i t t e d  t o  t h e  G r a d u a t e  F a c u l t y  o f  t h e  
L o u i s i a n a  S t a t e  U n i v e r s i t y  and 

A g r i c u l t u r a l  and  M e c h a n i c a l  C o l l e g e  
i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  
r e q u i r e m e n t s  f o r  t h e  d e g r e e  o f  

D o c t o r  o f  E d u c a t i o n

i n

The D e p a r t m e n t  o f  H e a l t h ,  P h y s i c a l ,  and R e c r e a t i o n  E d u c a t i o n

by
J e r r y  R. S t c c k a r d

B .S .  i n  E d . ,  S o u t h w e s t  M i s s o u r i  S t a t e  C o l l e g e ,  19o l  
M .E d . ,  U n i v e r s i t y  0 1  M i s s o u r i ,  196 7 

.May, 197 2



PLEASE NOTE:

Some pages may have 

i nd i st i net print.

Filmed as received.

University Microfilms, A Xerox Education Company



ACKNOWLEDGEMENTS

The a u t l i o r  w i s h e s  t o  e x p r e s s  h i s  a p p r e c i a t i o n  t o  

Dr .  Ra lph  E.  S t c b e n  f o r  h i s  e f f o r t s  i n  d i r e c t i n g  t h i s  

p r o j e c t ,  t o  t h e  o t h e r  members o f  t h e  s t a f f  o f  t h e  D e p a r t ­

ment  o f  H e a l t h ,  P h y s i c a l  and  R e c r e a t i o n  E d u c a t i o n  a t  

L o u i s i a n a  S t a t e  U n i v e r s i t y  f o r  t h e i r  c o n s t r u c t i v e  a s s i s t a n c e ,  

and t o  t h e  s t u d e n t s  o f  T u l a n e  U n i v e r s i t y  who s e r v e d  a s  

s u b j e c t s  f o r  t h i s  i n v e s t i g a t i o n .



TABLE OF CONTENTS

ACKNOWLEDGEMENTS ....................................................................................................... i i

LIST OF TABLES  ..........................................................................................................v i

LIST OF FIGURES ....................................................................................................... v i i

ABSTRACT .......................................................................................................................v i i i

CliAPTLR PAGE

1. INTRODUCTION ..................................................................................................... 1

STATEMENT OF THE PROBLEM ................................................................. 4

HYPOTHESES .................................................................................................... 4

BASIC ASSUMPTIONS ................................................................................... 5

DEFINITION OF TERMS.................................................................................5

DELIMITATIONS ............................................................................................. 6

LIMITATIONS .................................................................................................. 7

SIGNIFICANCE OF THE STUDY ...............................................................8

ORGANIZATION OF THE REMAINDER OF THE THESIS...................... 8

I I .  REVIEW OF RELATED LITERATURE ..........................................................10

STUDIES RELATED TO THE INFLUENCE OF FATIGUE
ON LEARNING FINE MOTOR SKILLS ............................................. 11

STUDIES RELATED TO THE INFLUENCE OF FATIGUE
ON LEARNING GROSS MOTOR SKILLS .......................................... 15

STUDIES RELATED TO THE INFLUENCE OF FATIGUE
ON MOTOR PERFORMANCE ......................................................... 19

STUDIES RELATED TO PRODUCING STANDARD
WORKLOADS AND HEART RATE RESPONSES ................................ 25

GENERAL SUMMARY ..................................................................................... 29

I I I .  LXPERIMLNTAL PROCEDURES ..............  31

OVERVIEW OF PROCEDURE ...................................................................... 31

i i  i



TABLB OF CONTENTS ( c o n t i n u e d )

CHAPTER PAGE

SUBJECTS ....................................................................................................... 33

DESCRIPTION OF THE TASK ................................................................. 33

PILOT STUDY ................................................................................................36

PHYSICAL FATIGUE CRITERIA ............................................................ 40

PROCEDURES FOR APPLYING FATIGUE TREATMENTS................... 41

DATA RECORDING PROCEDURES ............................................................ 43

PERFORMANCE PROCEDURES ....................................................................44

ANALYSIS OF THE DATA ........................................................................4 5

IV.  PRESENTATION AND ANALYSIS OF DATA .............................................. 47

INTRODUCTION .............................................................................................47

ANALYSIS OF PERFORMANCE PHASE DATA .....................................48

ANALYSIS OF LEARNING PHASE DATA .............................................54

DISCUSSION OF THE ANALYSIS ..........................................................58

V. SUMMARY, FINDINGS, CONCLUSIONS AND
RECOMMENDATIONS ..................................................................................... 60

SUMMARY ..........................................................................................................60

FINDINGS ....................................................................................................... 62

CONCLUSIONS ................................................................................................63

RECOMMENDATIONS ..................................................................................... 63

SELECTED BIBLIOGRAPiiY ..............................................................................   6 6

APPENDIXES ...................................................................................................................... 70

A. DATA SHEET ........................................................................................................ 71

B. AGE, HEIGHT, WEIGHT, CLASS, LEARNING SCORES ONE
THROUGH SIX,  PERFORMANCE SCORES FOR HEAVY,
MODERATE AND NONFATIGUE FOR GROUP H .................................. 72

i v



TABLL OF CONTENTS ( c o n t i n u e d )

CHAPTER PAGE

C. AGE, HEIGHT, WEIGHT, CLASS, LEARNING SCORES
ONE THROUGH SIX,  PERFORMANCE SCORES FOR
HEAVY, MODERATE AND NONFATIGUE FOR GROUP M................. 7 3

D. AGE, HEIGHT, WEIGHT, CLASS LEARNING SCORES
ONE THROUGH SIX,  PERFORMANCE SCORES FOR
HEAVY, MODERATE AND NONFATIGUE FOR
GROUP N ....................................................................................................... 74

E.  MEAN RESTING HEART RATES AND MEAN FINAL
HEART RATES FOR SUBJECTS IN GROUPS ii,
M, AND N .....................................................................................................75

F.  PILOT STUDY DATA .......................................................................................76

VITA ...................................................................................................................................77

v



LIST OF TABLES

TABLLS PAGE

I .  ANALYSIS OF VAR I AN CL OF THE PERFORMANCE 
PHASE SCORES OF EIGHTY-ONE SUBJECTS 
PERFORMING UNDER TIiRLE PHYSICAL FATIGUE 
CONDITIONS .............................................................................................49

I I .  MEAN PERFORMANCE SCORES OF EIGHTY-ONE
SUBJECTS PERFORMING UNDER THREE CONDITIONS 
OF PHYSICAL FATIGUE SHOWING AVERAGE LEARN­
ING EFFECTS AND PERFORMANCE EFFECTS ............................ 50

I I I .  ORTHOGONAL COMPARISONS INDICATING THE
SIGNIFICANCE OF THE DIFFERENCE AMONG 
FATIGUE LEARNING GROUPS SCORES UNDER 
THREE PERFORMANCE CONDITIONS .............................................. 52

IV.  ADJUSTED MEAN PERFORMANCE SCORES OF EIGHTY-ONE
SUBJECTS FROM THREE LEARNING GROUPS PER­
FORMING UNDER J U k l L  PHYSICAL FATIGUE 
CONDITIONS ............................................................................................5 3

V. ANALYSIS OF VARIANCE OF LEARNING PHASE DATA 
OF EIGHTY-ONE SUBJECTS FROM THREE GROUPS 
PRACTICING A MOTOR LEARNING TASK UNDER 
THREE CONDITIONS OF PHYSICAL FATIGUE ..........................55

v i



LIST OF FIGURLS

FIGURL PAGE

I .  TASK COURSE .................................................................................................. 35

I I .  SUBJECT DEI ION' ST RAT IN G RUN WITH BALL
BALANCED ON THE TEE.......................................................................... 36

I I I .  SUBJECT DEMONSTRATING KICKING BALL FROM
TEE INTO LOW BASKETBALL COAL AT STATION
ONE ................................................................................................................ 37

IV.  SUBJECT DEMONSTRATING PITCHING AND CATCHING
TECHNIQUE AT STATION TWO ...........................................................38

V. MEAN PRACTICE TRIALS FOR LIGI1TY-ONE SUBJECTS
PLOTTED BY TRIALS .............................................................................56

VI .  MEAN PRACTICE TRIAL SCORES PLOTTED FOR EACH
GROUP BY TRIAL .................................................................................... 5 7



ABSTRACT

The p u r p o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  i f  

p h y s i c a l  f a t i g u e  i n t r o d u c e d  p r i o r  t o  p r a c t i c i n g  a n o v e l  

g r o s s  m o t o r  t a s k  i n f l u e n c e d  e i t h e r  t h e  l e a r n i n g  r e s u l t i n g  

f rom t h a t  p r a c t i c e  o r  s u b s e q u e n t  p e r f o r m a n c e  o f  t h e  t a s k .  

L i g h t y - o n e  m a l e  c o l l e g e  s t u d e n t s ,  r a n d o m l y  a s s i g n e d  t o  

t h r e e  g r o u p s  (n = 2 7 ) ,  p r a c t i c e d  a n o v e l  g r o s s  m o to r  t a s k  

u n d e r  e i t h e r  h e a v y ,  m o d e r a t e  o r  n o n f a t i g u e  c o n d i t i o n s .

The c r i t e r i a  f o r  t h e  f a t i g u e  c o n d i t i o n s  we r e  e x e r c i s e  

h e a r t  r a t e  l e v e l s .  The f a t i g u e  was i n d u c e d  t h r o u g h  work 

b o u t s  on a b i c y c l e  e r g o m e t e r  i m m e d i a t e l y  p r e c e d i n g  t h e  t r i a l .  

The m o d e r a t e  f a t i g u e  c r i t e r i o n  was 150 b e a t s  p e r  m i n u t e  

o b t a i n e d  a f t e r  a work  b o u t  o f  a p p r o x i m a t e l y  f i v e  m i n u t e s .

The h e av y  f a t i g u e  c r i t e r i o n  was 180 b e a t s  p e r  m i n u t e  o b t a i n e d  

a f t e r  a work  b o u t  o f  f i v e  t o  s i x  m i n u t e s .  The n o n f a t i g u e  s u b ­

j e c t s  p e r f o r m e d  a t  r e s t i n g  h e a r t  r a t e  l e v e l s .

The t a s k  c o n s i s t e d  o f  r u n n i n g  a t r i a n g u l a r  c o u r s e  

w h i l e  b a l a n c i n g  a v o l l e y b a l l  on an  e i g h t  i n c h  t e e  ( b a d ­

m i n t o n  s h u t t l e c o c k  c o n t a i n e r ) . The c o u r s e  was l a i d  o u t  on 

one  end o f  a b a s k e t b a l l  c o u r t  w i t h  e a c h  l e g  o f  t h e  t r i a n g l e  

f o r t y - f i v e  f e e t  i n  l e n g t h .  A p e r f o r m a n c e  s t a t i o n  was 

l o c a t e d  a t  e a c h  o f  t h e  f i r s t  two c o r n e r s  o f  t h e  t r i a n g l e .

At  t h e  f i r s t  s t a t i o n  t h e  s u b j e c t  a t t e m p t e d  t o  k i c k  t h e  b a l l  

f rom t h e  t e e  i n t o  a b a s k e t b a l l  g o a l  p l a c e d  two f e e t  above  

t h e  f l o o r .  At t h e  s e c o n d  s t a t i o n  t h e  b a l l  was p i t c h e d

v i i i



a g a i n s t  a s t a n d a r d  b a s k e t b a l l  g o a l  and  t h e  s u b j e c t  a t t e m p t e d  

t o  c a t c h  t h e  r e b o u n d i n g  b a l l  on t h e  t e c .  One t r i a l  c o n s i s t e d  

o f  c o m p l e t i n g  f i v e  c i r c u i t s  a r o u n d  t h e  c o u r s e  Wi th  t h e  s c o r e  

b e i n g  t h e  number  o f  s e c o n d s  r e q u i r e d  t o  c o m p l e t e  t h e  t r i a l .  

Lach  s u b j e c t  was g i v e n  s i x  p r a c t i c e  t r i a l s ,  a l l  u n d e r  a 

d e s i g n a t e d  l e v e l  o f  p h y s i c a l  f a t i g u e .  T h e s e  t r i a l s  we re  

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

week e a c h  s u b j e c t  p e r f o r m e d  t h e  same t a s k  u n d e r  e a c h  o f  t h e  

t h r e e  c o n d i t i o n s  o f  p h y s i c a l  f a t i g u e .  T he s e  t r i a l s  we re  

c o n s i d e r e d  t h e  p e r f o r m a n c e  p h a s e  o f  t h e  s t u d y .

The f i n d i n g s  w e re  t h e  f o l l o w i n g :

1 .  The l e a r n i n g  g r o u p s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  

when t o t a l  p e r f o r m a n c e  mean s c o r e s  we re  c o m p a r e d .

2 .  P e r f o r m a n c e  u n d e r  m o d e r a t e  f a t i g u e  c o n d i t i o n s  

was s i g n i f i c a n t l y  b e t t e r  t h a n  p e r f o r m a n c e  u n d e r  h e a v y  f a t i g u e  

c o n d i t  i o n s .

3 .  A s i g n i f i c a n t  i n t e r a c t i o n  f o u n d  i n  t h e  p e r f o r ­

mance a n a l y s i s  i n d i c a t e d  t h a t  l e a r n i n g  u n d e r  a s p e c i f i c  

c o n d i t i o n  o f  f a t i g u e  r e s u l t e d  i n  s u p e r i o r  s u b s e q u e n t  p e r f o r ­

mance u n d e r  t h a t  same c o n d i t i o n  o f  f a t i g u e .

4 .  No s i g n i f i c a n t  d i f f e r e n c e s  we re  f o u nd  among t h e  

l e a r n i n g  g r o u p s  i n  t h e  r a t e  o f  l e a r n i n g  w h i ch  r e s u l t e d  f rom 

p r a c t i c i n g  u n d e r  d i f f e r e n t  l e v e l s  o f  p h y s i c a l  f a t i g u e .

5 .  The l e a r n i n g  t r i a l s  d i f f e r e d  s i g n i f i c a n t l y  

i n d i c a t i n g  t h a t  l e a r n i n g  o c c u r r e d .

C. The i n t e r a c t i o n  e f f e c t  o f  t r i a l s  a nd  f a t i g u e  

c o n d i t i o n  was n o t  s i g n i f i c a n t .
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The c o n c l u s i o n s  we re  a s  f o l l o w s :

1 .  The s p e c i f i c i t y  o f  p r a c t i c e  an d  p e r f o r m a n c e  

c o n d i t i o n s  f oun d  i n  t h i s  s t u d y  i n d i c a t e d  t h a t  v i g o r o u s  

s p o r t s  s h o u l d  be p r a c t i c e d  u n d e r  t h e  same f a t i g u e  c o n d i t i o n  

u n d e r  w h i c h  t h e y  wou ld  s u b s e q u e n t l y  be p e r f o r m e d .

2 .  Mo to r  l e a r n i n g ,  w i t h i n  t h e  c o n t e x t  o f  t h i s  s t u d y ,  

r e s u l t e d  f rom p r a c t i c e  t r i a l s  d e s p i t e  t h e  p h y s i c a l  f a t i g u e  

i n t r o d u c e d  p r i o r  t o  t h e  p r a c t i c e  t r i a l s .

3 .  Motor  l e a r n i n g ,  w i t h i n  t h e  c o n t e x t  o f  t h i s  s t u d y ,  

was n o t  s i g n i f i c a n t l y  i n f l u e n c e d  by p i i y s i c a l  f a t i g u e  i n t r o ­

d u c e d  p r i o r  t o  p r a c t i c e  t r i a l s .
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CHAPTER I

INTRODUCTION

The s t u d y  o f  c o n d i t i o n s  w h i c h  i n f l u e n c e  l e a r n i n g  h a s  

l o n g  b e e n  o f  i n t e r e s t  t o  p s y c h o l o g i s t s  and  e d u c a t o r s .  E a r l y  

s t u d i e s  i n  t h i s  a r e a  we re  p r i m a r i l y  d e s i g n e d  t o  s t u d y  t h e  

n a t u r e  o f  l e a r n i n g  v e r b a l  m a t e r i a l s .  I n t e r e s t  h a s  s p r e a d  

i n t o  t h e  a r e a  o f  m o t o r  l e a r n i n g ,  t h a t  i s ,  l e a r n i n g  movement  

s k i l l s  i n v o l v i n g  f i n e  a n d / o r  g r o s s  movement .  A t o p i c  w h i ch  

i s  c u r r e n t l y  r e c e i v i n g  c o n s i d e r a b l e  a t t e n t i o n  d e a l s  w i t h  t h e  

q u e s t i o n  o f  w h e t h e r  p r a c t i c e  u n d e r  f a t i g u e d  c o n d i t i o n s  r e ­

s u l t s  i n  l e s s  e f f i c i e n t  l e a r n i n g  t h a n  p r a c t i c e  u n d e r  r e s t e d  

c o n d i t i o n s .  I t  i s  w e l l  known t h a t  p h y s i c a l  f a t i g u e ,  i . e . ,  

i m p a i r m e n t  t o  m u s c u l a r  e f f i c i e n c y  r e s u l t i n g  f rom s u s t a i n e d  

m u s c u l a r  e x e r t i o n ,  c a u s e s  d e c r e m e n t s  i n  m o t o r  p e r f o r m a n c e ;  

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

s t i l l  open  t o  q u e s t i o n .  S e v e r a l  r e c e n t  s t u d i e s  hav e  shown 

t h a t  m o t o r  l e a r n i n g  i s  n o t  i n f l u e n c e d  by p h y s i c a l  f a t i g u e  

i n t r o d u c e d  e i t h e r  p r i o r  t o  o r  d u r i n g  t h e  p r a c t i c e  o f  a m o to r  

s k i l l . * * *  5 On t h e  o t h e r  h a n d ,  on e  i n v e s t i g a t o r ^  h a s

* R i c h a r d  1>. A l d e rm a n ,  " I n f l u e n c e  o f  L o c a l  F a t i g u e  
on Speed  and  A c c u r a c y  i n  Mo tor  L e a r n i n g ,  " R e s e a r c h  Q u a r t e r l y ,  
3b (May, 1 9 6 5 ) ,  131 .

2
A l b e r t  V. C a r r o n ,  " P h y s i c a l  F a t i g u e  and  Motor  

L e a r n i n g ,  " R e s e a r c h  Q u a r t e r l y , 40 (December ,  1 9 6 9 ) ,  682 .
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2

f o u n d  p h y s i c a l  f a t i g u e  t o  h av e  a b e n e f i c i a l  e f f e c t ,  w h i l e  

o t h e r  s t u d i e s ? * ®  ha v e  shown a n e g a t i v e  i n f l u e n c e  on l e a r n i n g  

m o to r  s k i l l s .  The d i f f e r e n c e s  i n  t y p e  and  d e g r e e  o f  p h y s i c a l  

f a t i g u e  i m p o s e d ,  c o u p l e d  w i t h  t h e  wide  v a r i e t y  o f  t a s k s  

e m p l o y e d ,  make i t  d i f f i c u l t  t o  d raw b u t  t h e  mos t  t e n t a t i v e  

c o n c l u s i o n s  a b o u t  t h e  r o l e  o f  f a t i g u e  i n  m o t o r  l e a r n i n g .

A n o t h e r  q u e s t i o n  a r i s e s  f r om t h e  c o n s i d e r a t i o n  o f  

p h y s i c a l  f a t i g u e  and i t s  e f f e c t  upon  m o to r  l e a r n i n g .  I f  a 

m o t o r  s k i l l  was p r a c t i c e d  u n d e r  a s p e c i f i c  l e v e l  o f  p h y s i c a l  

f a t i g u e ,  wou ld  t h e  s u b s e q u e n t  p e r f o r m a n c e  o f  t h a t  s k i l l  be 

i n f l u e n c e d  when p e r f o r m e d  u n d e r  d i f f e r e n t  l e v e l s  o f  f a t i g u e ,  

o r  no f a t i g u e  a t  a l l ?  T h i s  q u e s t i o n  i m p l i e s  a t r a n s f e r

R i c h a r d  S c h m i d t ,  " P e r f o r m a n c e  a nd  L e a r n i n g  a Gro s s  
Mo to r  S k i l l  Unde r  C o n d i t i o n s  o f  A r t i f i c i a l l y  I n d u c e d  F a t i g u e , "  
R e s e a r c h  Q u a r t e r l y , 28 (May, 1 9 5 7 ) ,  47 .

^ D o u g l a s  W. B a r t z  and  Leon L. S m i t h ,  " E f f e c t  o f  
M o d e r a t e  E x e r c i s e  on t h e  P e r f o r m a n c e  and  L e a r n i n g  o f  a 
Gr os s  Mo tor  S k i l l , "  P e r c e p t u a l  and Moto r  S k i l l s ,  31 ( A u g u s t ,  
1 9 7 0 ) ,  187.

^ W i l l i a m  P h i l l i p s ,  "The E f f e c t  o f  P h y s i c a l  F a t i g u e  
on Two Motor  L e a r n i n g  T a s k s , "  D o c t o r a l  D i s s e r t a t i o n  
( U n p u b l i s h e d ) ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  1962 .

^D av id  B e n so n ,  " I n f l u e n c e  o f  Imposed  F a t i g u e  on 
L e a r n i n g  a Jump ing  T a s k  and  a J u g g l i n g  T a s k . "  R e s e a r c h  
Q u a r t e r l y ,  39 (May, 1 9 6 8 ) ,  251.

n
De re c k  k.  Wunney,  " F a t i g u e  I m p a i r m e n t  and P s y c h o -  

Moto r  L e a r n i n g , "  P e r c e p t u a l  and  Motor  S k i l l s ,  16 ( A p r i l ,
1 9 6 3 ) ,  369 .

®Mar ga re t  A. Godwin and  R i c h a r d  A. S c h m i d t ,  " M u s c u l a r  
F a t i g u e  an d  L e a r n i n g  a D i s c r e t e  Mo to r  S k i l l , "  R e s e a r c h  
Q u a r t e r l y ,  42 (D ecember ,  1 9 7 1 ) ,  374 - 381 .
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e f f e c t  f r om t h e  l e a r n i n g  c o n d i t i o n s  and  c o u l d  p o s s i b l y  be  

b a s e d  upon  H e n r y ' s  s p e c i f i c i t y  t h e o r y  o f  m o t o r  l e a r n i n g .  

A c c o r d i n g  t o  H e n r y ,  s e p a r a t e  n e u r o m o t o r  p r o g r a m s  a r e  

d e v e l o p e d  f o r  e a c h  o f  t h e  c o n d i t i o n s  w h i c h  i n f l u e n c e s  t h e  

p r a c t i c e  o f  a m o t o r  t a s k . ^  P h y s i c a l  f a t i g u e  c o u l d  be o n e  o f  

t h e s e  i n f l u e n c i n g  c o n d i t i o n s .  I t  may be t h a t  t h e  f a t i g u e  

c a u s e s  t h e  l e a r n e r  t o  a d o p t  d i f f e r e n t  n e u r o m o t o r  r e s p o n s e s  

d u r i n g  p r a c t i c e  o f  a s k i l l  t h a n  wou l d  be a d o p t e d  i f  no 

f a t i g u e  we re  p r e s e n t .  I f  t h i s  i s  t h e  c a s e ,  i t  c o u l d  be p r e ­

d i c t e d  t h a t  i f  a m o t o r  s k i l l  i s  l e a r n e d  u n d e r  f a t i g u e d  

c o n d i t i o n s ,  i t  wou ld  l a t e r  be p e r f o r m e d  b e s t  u n d e r  f a t i g u e d  

c o n d i t i o n s ,  o r  i f  l e a r n e d  u n d e r  n o n f a t i g u e  c o n d i t i o n s ,  t h e  

s k i l l  wou ld  s u b s e q u e n t l y  be p e r f o r m e d  b e s t  u n d e r  n o n f a t i g u e  

c o n d i t i o n s .

Many games and s p o r t s  s u c h  a s  b a s k e t b a l l ,  s o c c e r ,  

and  i c e  h o c k ey  r e q u i r e  e x e c u t i o n  o f  a v a r i e t y  o f  m o to r  

s k i l l s  w h i l e  t h e  p l a y e r s  a r e  f a t i g u e d .  P r a c t i c a l  a p p l i ­

c a t i o n s  may be made by t e a c h e r s  and  c o a c h e s  o f  kn ow le dge  

r e l a t e d  t o  f a t i g u e  and i t s  r o l e  i n  m o t o r  s k i l l  a q u i s i t i o n .  

L e n g t h  and  p l a c e m e n t  o f  c e r t a i n  d r i l l s  w i t h i n  t h e  p r a c t i c e  

s e s s i o n  c o u l d  p o s s i b l y  be a f f e c t e d .  P e r h a p s  p r a c t i c i n g  

s k i l l s  u n d e r  b o t n  f a t i g u e d  and n o n f a t i g u e d  c o n d i t i o n s  c o u l d  

be b e n e f i c i a l .

q
F. M. n e n r y ,  " S p e c i f i c i t y  V e r s u s  G e n e r a l i t y  i n  

L e a r n i n g  Motor  S k i l l s , "  P r o c e e d i n g s  o f  t h e  C o l l e g e  P h y s i c a l  
e d u c a t i o n  A s s o c i a t i o n ,  55 ( 1 9 5 6 ) ,  6 8  - 7 5 7
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At t h e  p r e s e n t  t i m e  t o o  l i t t l e  i s  known a b o u t  

p h y s i c a l  f a t i g u e  a s  a l e a r n i n g  v a r i a b l e  t o  a r r i v e  a t  any 

f i r m  c o n c l u s i o n s .  F u r t h e r  r e s e a r c h  i n  t h i s  a r e a  s eems  t o  

be  w a r r a n t e d .

STATEMENT OF THE PROBLEM

The p r o b l e m s  o f  t h i s  s t u d y  w e r e :  1) t o  d e t e r m i n e  

i f  p r a c t i c i n g  a n o v e l  g r o s s  m o t o r  t a s k  u n d e r  a s p e c i f i c  l e v e l  

o f  p h y s i c a l  f a t i g u e  i n f l u e n c e d  t h e  s u b s e q u e n t  p e r f o r m a n c e  

o f  t h a t  t a s k  when p e r f o r m e d  u n d e r  d i f f e r i n g  l e v e l s  o f  

p h y s i c a l  f a t i g u e ,  and  2 ) t o  d e t e r m i n e  i f  d i f f e r e n t  l e v e l s  o f  

p h y s i c a l  f a t i g u e  i n t r o d u c e d  p r i o r  t o  p r a c t i c i n g  a n o v e l  g r o s s  

m o t o r  t a s k ,  i n f l u e n c e d  t h e  l e a r n i n g  r e s u l t i n g  f rom t h a t  

p r a c t i c e .

HYPOTHESES

The h y p o t h e s e s  w e r e :

1. A n o v e l  g r o s s  m o t o r  t a s k  p r a c t i c e d  u n d e r  a 

s p e c i f i c  l e v e l  o f  p h y s i c a l  f a t i g u e  w ou l d  s u b s e q u e n t l y  be  

p e r f o r m e d  b e s t  u n d e r  t h a t  same l e v e l  o f  p h y s i c a l  f a t i g u e ;

2.  M o t o r  l e a r n i n g  wou l d  r e s u l t  f rom p r a c t i c e  

r e g a r d l e s s  o f  t h e  f a t i g u e d  c o n d i t i o n  o f  t h e  l e a r n e r ;

3.  H i g h e r  l e v e l s  o f  p h y s i c a l  f a t i g u e  w o u l d  ha v e  

a more a d v e r s e  e f f e c t  on m o t o r  l e a r n i n g  t h a n  l o w e r  l e v e l s  

o f  p h y s i c a l  f a t i g u e .
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BASIC ASSUMPTIONS

F o r  t h e  p u r p o s e  o f  t h i s  s t u d y  i t  was a s sum ed  t h a t :

1 .  The n o v e l  g r o s s  m o t o r  t a s k  u s e d  i n  t h i s  s t u d y  

was u n i q u e  t o  e a c h  o f  t h e  s u b j e c t s ;

2 .  S i n c e  t h e  s u b j e c t s  we re  r a n d o m l y  a s s i g n e d  t o  

g r o u p s ,  t h e  m o t o r  a b i l i t y  and  g e n e r a l  s t a t e  o f  t r a i n i n g  

we r e  e q u a l  among t h e  g r o u p s ;

3 . Lach  s u b j e c t  p e r f o r m e d  t o  t h e  b e s t  o f  h i s  

a b i l i t y  t h r o u g h o u t  t h e  c o u r s e  o f  t h e  s t u d y ;

4 .  A f t e r  s i x  p r a c t i c e  t r i a l s  e a c h  s u b j e c t  wou ld

be  a p p r o a c h i n g  o r  ha v e  r e a c h e d  an a s y m p t o t e  p o s i t i o n  on t h e  

l e a r n i n g  c u r v e .

DBFINITION OF T Li RMS

P h y s i c a l  f a t i g u e . P h y s i c a l  f a t i g u e  was d e f i n e d  a s  

a s t a t e  o r  d e g r e e  o f  i m p a i r m e n t  t o  m u s c u l a r  e f f i c i e n c y  

r e s u l t i n g  f rom work b o u t s  on a b i c y c l e  e r g o m e t e r  r a n g i n g  i n  

s e v e r i t y  f rom m o d e r a t e  t o  h e a v y  and  l a s t i n g  f rom f i v e  t o  

s i x  m i n u t e s .

Mo to r  l e a r n i n g . Mo tor  l e a r n i n g  was d e f i n e d  a s  t h e  

p r o c e s s  o f  a c q u i r i n g  p h y s i c a l  movement  s k i l l s  t h r o u g h  r e ­

p e a t e d  p r a c t i c e  t r i a l s .  More s p e c i f i c a l l y ,  m o t o r  l e a r n i n g  

r e f e r r e d  t o  t h e  i m p r o v e m e n t  i n  t h e  l e a r n i n g  t a s k  s c o r e  

m e a s u r e d  i n  a r e d u c t i o n  i n  t h e  number  o f  s e c o n d s  r e q u i r e d  

t o  c o m p l e t e  one  t a s k  t r i a l .
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Moto r  P e r f o r m a n c e . Mo to r  p e r f o r m a n c e  was d e f i n e d  

a s  t h e  e x e c u t i o n  o f  s p e c i f i c  movement  p a t t e r n s  s t r e s s i n g  

r a p i d  b o d i l y  movement ,  a c c u r a c y ,  a nd  b a l a n c e .

N o n f a t i g u e . N o n f a t i g u e  was d e f i n e d  a s  a  s t a t e  

w h e r e i n  t h e  s u b j e c t  p e r f o r m e d  no warmup o r  o t h e r  s p e c i f i c  

e x e r c i s e  p r i o r  t o  p r a c t i c e  o r  p e r f o r m a n c e  o f  t h e  n o v e l  g r o s s  

m o t o r  l e a r n i n g  t a s k .

M o d e r a t e  f a t i g u e . M o d e r a t e  f a t i g u e  was d e f i n e d  a s  

a c o n d i t i o n  p r o d u c e d  t h r o u g h  a work b o u t  on a b i c y c l e  

e r g o m e t e r  i n  w h i c h  a h e a r t  r a t e  o f  150 b e a t s  p e r  m i n u t e  was

r e a c h e d  w i t h i n  a p e r i o d  o f  f o u r  t o  f i v e  m i n u t e s .

Heavy f a t i g u e .  Heavy f a t i g u e  was d e f i n e d  a s  a 

c o n d i t i o n  p r o d u c e d  t h r o u g h  a work b o u t  on a b i c y c l e

e r g o m e t e r  i n  w h i c h  a h e a r t  r a t e  o f  180 b e a t s  p e r  m i n u t e

was r e a c h e d  w i t h i n  t h r e e  t o  f o u r  m i n u t e s  and s u s t a i n e d  f o r  

a n  a d d i t i o n a l  two m i n u t e s .

DELIMITATIONS

The s a m p l e s  we r e  l i m i t e d  t o  e i g h t y - o n e  ma le  s t u d e n t s  

e n r o l l e d  a t  T u l a n e  U n i v e r s i t y  d u r i n g  t h e  summer and f a l l  

s e m e s t e r ,  1971 .

The l e a r n i n g  p h a s e  o f  t h e  s t u d y  was l i m i t e d  t o  s i x  

p r a c t i c e  t r i a l s .

The t a s k  s c o r e  was d e t e r m i n e d  a s  t h e  amount  o f  t i m e  

i n  s e c o n d s  r e q u i r e d  t o  c o m p l e t e  a t r i a l .  P a r t  o f  t h e  t a s k  

p r o c e d u r e  i n c l u d e d  k i c k i n g  and  p i t c h i n g  a b a l l .  No a t t e m p t
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was made t o  c o u n t  t h e  s u c c e s s f u l  o r  u n s u c c e s s f u l  k i c k i n g  o r  

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

Only  e x e r c i s e  h e a r t  r a t e  m e a s u r e s  we re  u s e d  t o  

d e t e r m i n e  t h e  f a t i g u e  s t a t u s  o f  t h e  s u b j e c t  d u r i n g  t h e  

work  b o u t s .

LIMITATIOWS

I t  was p o s s i b l e  t h a t  some r e c o v e r y  f rom f a t i g u e  may 

hav e  o c c u r r e d  d u r i n g  a t r i a l ,  e s p e c i a l l y  i f  t h e  s u b j e c t  

p e r f o r m e d  p o o r l y .

S i n c e  t h e  t a s k  r e q u i r e d  r a p i d  and  c o n t i n u o u s  movement ,  

t h e  s u b j e c t s  p r a c t i c i n g  u n d e r  t h e  n o n f a t i g u e  c o n d i t i o n  may 

ha ve  become f a t i g u e d .

A t r a i n i n g  e f f e c t  may have  a c c u m u l a t e d  d u r i n g  t h e  

c o u r s e  o f  t h e  s t u d y  r e s u l t i n g  f ro m t h e  b i c y c l e  e r g o m e t e r  

work  and  f rom t h e  t a s k  i t s e l f ,  e s p e c i a l l y  among t h e  h e av y  

f a t i g u e  g r o u p .

The s u b j e c t s  we re  r e q u e s t e d  t o  r e f r a i n  f r o m any  

v i g o r o u s  p h y s i c a l  a c t i v i t y  d u r i n g  t h e  c o u r s e  o f  t h e  s t u d y ,  

b u t  no f u r t h e r  a t t e m p t  was made t o  g o v e r n  t h e  s u b j e c t s '  

a c t i v i t y .

S i n c e  l e a r n i n g  r a t e s  among s u b j e c t s  d i f f e r e d ,  t h e  

s i x  p r a c t i c e  t r i a l s  a f f o r d e d  e a c h  s u b j e c t  may hav e  r e s u l t e d  

i n  d i f f e r e n t  d e g r e e s  o f  l e a r n i n g  among t h e  s u b j e c t s .
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SIGNIFICANCE OF THE STUDY

T h e r e  a p p e a r s  t o  be b o t h  p r a c t i c a l  and  t h e o r e t i c a l  

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

C o a c h e s ,  f o r  i n s t a n c e ,  m i g h t  wan t  s p e c i f i c  s k i l l s  p r a c t i c e d  

w h i l e  t h e  p l a y e r s  a r e  f a t i g u e d ,  o r  s e t  up p r a c t i c e  s e s s i o n s  

a s  n e a r l y  l i k e  game s i t u a t i o n s  a s  p o s s i b l e .  I f  n e u r o m u s c u l a r  

r e s p o n s e s  a l t e r e d  by f a t i g u e  d u r i n g  t h e  l e a r n i n g  o f  s k i l l s  

a r e  l a t e r  r e f l e c t e d  i n  t h e  s k i l l  p e r f o r m a n c e ,  p r a c t i c e  c o n ­

d i t i o n s  wou ld  c e r t a i n l y  be i m p o r t a n t .  I t  may be b e n e f i c i a l  

f o r  c o a c h e s  and  t e a c h e r s  o f  movement  s k i l l s  t o  c o n t r o l  

f a t i g u e  w i t h i n  t h e  l e a r n i n g  e n v i r o n m e n t .

E x c e l l e n c e  i n  t e a c h i n g  i s  b a s e d  u pon  f i r m  knowle dg e  

o f  s u b j e c t  m a t t e r ,  good t e a c h i n g  t e c h n i q u e s ,  and  a n  u n d e r ­

s t a n d i n g  o f  t h e  l e a r n i n g  p r o c e s s .  I n  m o t o r  l e a r n i n g ,  much 

o f  w h a t  we do i n  t e r m s  o f  t e a c h i n g  i s  b a s e d  on t r a d i t i o n  

r a t h e r  t h a n  upon  e v i d e n c e  g l e a n e d  f rom r e s e a r c h .  The many 

t h e o r i e s  w h i ch  e x p l a i n  t h e  p r o c e s s e s  o r  mech an i s ms  o f  m o t o r  

s k i l l  a c q u i s i t i o n  n e e d  t o  be s u b s t a n t i a t e d  o r  r e f u t e d  

t h r o u g h  r e s e a r c h .  The e v i d e n c e  s u p p l i e d  by t h i s  s t u d y  an d  

o t h e r  s t u d i e s  o f  a r e l a t e d  n a t u r e  may be a c c u m u l a t e d  t o  

b u i l d  a more  s c i e n t i f i c  b a s i s  f o r  m o t o r  l e a r n i n g  t h e o r i e s .

ORGANIZATION OF THE REMAINDER OF THE THESIS

The r e m a i n d e r  o f  t h i s  d i s s e r t a t i o n  was o r g a n i z e d  

t o  r e v i e w  t h e  l i t e r a t u r e  p e r t a i n i n g  t o  t h e  p r e s e n t  s t u d y ,
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t o  d e s c r i b e  t h e  e x p e r i m e n t a l  p r o c e d u r e s  em p l o ye d  i n  g a t h ­

e r i n g  t h e  d a t a ,  t o  p r e s e n t  an  a n a l y s i s  o f  t h e  d a t a ,  and 

t o  s u m m a r i z e ,  g i v e  c o n c l u s i o n s ,  a nd  r e c o m m e n d a t i o n s  r e s u l t ­

i n g  f rom t h e  d a t a .



CHAPTER I I

REVIEW OF RELATED LITERATURE

Motor  l e a r n i n g  i s  t h e  t e r m  a p p l i e d  t o  t h e  p r o c e s s  

o f  a c q u i r i n g  movement  s k i l l s .  Mo to r  s k i l l s  a r e  g e n e r a l l y  

c l a s s i f i e d  a s  e i t h e r  f i n e  movement  s k i l l s  o r  g r o s s  movement  

s k i l l s .  A f i n e  m o t o r  s k i l l  i n v o l v e s  i n t r i c a t e  movement s  

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

m o t o r  s k i l l  g e n e r a l l y  i n v o l v e s  t o t a l  body movement .

P h y s i c a l  f a t i g u e ,  a s  s p e c i f i c a l l y  i d e n t i f i e d  f o r  

t h i s  s t u d y ,  r e f e r s  t o  a  s t a t e  o r  d e g r e e  o f  m u s c u l a r  i n e f f i c ­

i e n c y  r e s u l t i n g  f ro m  m u s c u l a r  e x e r t i o n .  The s t u d i e s  r e v i e w e d  

i n  t h i s  c h a p t e r  i n  w h i c h  p h y s i c a l  f a t i g u e  was a v a r i a b l e ,  

u s e d  b a s i c a l l y  t h e  same d e f i n i t i o n  a s  t h e  on e  s t a t e d  a b o v e .

P h y s i c a l  f a t i g u e  h a s  b e e n  i n t r o d u c e d  e i t h e r  l o c a l l y ,  

a s  i n  f a t i g u i n g  t h e  m u s c l e s  c o n t r o l l i n g  han d  o r  f i n g e r  

movemen t s ,  o r  g e n e r a l l y ,  a s  i n  f a t i g u i n g  l a r g e  m u s c l e  

g r o u p s  w h i c h  c o n t r o l  t o t a l  body  movement .  A number  o f  

s t u d i e s  u s i n g  d i f f e r e n t  c o m b i n a t i o n s  o f  l e a r n i n g  t a s k s  and  

t y p e s  o f  f a t i g u e  hav e  b e e n  r e p o r t e d .  T h i s  c h a p t e r  was 

o r g a n i z e d  t o  p r e s e n t  r e s e a r c h  work  r e l a t e d  t o  m o t o r  l e a r n i n g  

and  p e r f o r m a n c e  u n d e r  c o n d i t i o n s  o f  a r t i f i c i a l l y  i n d u c e d  

p h y s i c a l  f a t i g u e .  The s t u d i e s  p r e s e n t e d  w e r e  c a t e g o r i z e d  

u n d e r  t h e  f o l l o w i n g  h e a d i n g s :

10
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1)  S t u d i e s  R e l a t e d  t o  t h e  I n f l u e n c e  o f  F a t i g u e  on 

L e a r n i n g  F i n e  Moto r  S k i l l s ;

2) S t u d i e s  R e l a t e d  t o  t h e  I n f l u e n c e  o f  F a t i g u e  on 

L e a r n i n g  G r o s s  Mo to r  S k i l l s ;

3) S t u d i e s  R e l a t e d  t o  t h e  I n f l u e n c e  o f  F a t i g u e  on 

Motor  P e r f o r m a n c e ;

4)  S t u d i e s  R e l a t e d  t o  P r o d u c i n g  S t a n d a r d  W o rk l o a d s  

and  H e a r t  R a t e  R e s p o n s e .

STUDIES RELATED TO TliE INFLUENCE OF FATIGUE 
ON LEARNING FINE MOTOR SKILLS

I n  t h e  e a r l y  1 9 5 0 ' s  a t t e m p t s  t o  s t u d y  t h e  e f f e c t  

o f  f a t i g u e  upon  m o t o r  l e a r n i n g  we re  made by e x p e r i m e n t a l  

p s y c h o l o g i s t s  i n t e r e s t e d  i n  t h e  c o n t r o v e r s y  b e t w e e n  m a s s e d  

v e r s u s  d i s t r i b u t e d  p r a c t i c e .  T h e s e  s t u d i e s ,  n o t a b l y  by 

Adams*,  Ammons^,  A r c h e r ^ ,  a n d  Digman^ d e a l t  w i t h  a t y p e

* J a c k  A. Adams,  " P s y c h o  Motor  P e r f o r m a n c e  As A 
F u n c t i o n  o f  I n t e r t r i a l  R e s t  I n t e r v a l , "  J o u r n a l  o f  E x p e r i ­
m e n t a l  P s y c h o l o g y , 48 ( 1 9 5 4 ) ,  1 3 1 - 1 3 3 .

^R. Ii. Ammons a n d  L e s l i e  W i l l i g ,  " A c q u i s i t i o n  o f  
S k i l l  IV E f f e c t s  o f  R e p e a t e d  P e r i o d s  o f  Massed  P r a c t i c e , "  
J o u r n a l  o f  E x p e r i m e n t a l  P s y c h o l o g y , 51 ( 1 9 5 6 ) ,  26.

^ James  E. A r c h e r ,  " P o s t r e s t  P e r f o r m a n c e  In  Motor  
L e a r n i n g  As A F u n c t i o n  o f  P r e r e s t  Deg ree  o f  D i s t r i b u t i o n  o f  
P r a c t i c e , "  J o u r n a l  o f  E x p e r i m e n t a l  P s y c h o l o g y ,  47 ( 1 9 5 4 ) ,  
4 7 - 5 1 .  ------------------------------------------  -------------------

4
J o h n  M. Digman,  " P e r f o r m a n c e  Unde r  O p t i m a l  P r a c t i c e  

C o n d i t i o n s  F o l l o w i n g  T h r e e  D e g r e e s  o f  M a s s in g  o f  E a r l y  
P r a c t i c e , "  J o u r n a l  o f  E x p e r i m e n t a l  P s y c h o l o g y ,  52 ( 1 9 5 6 ) ,  
1 8 9 - 1 9 3 .
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o f  f a t i g u e  b e s t  d e s c r i b e d  as  c e n t r a l  i n  o r i g i n  as  o p p o s e d  

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

t h a t  t h e  f a t i g u e  r e s u l t i n g  f rom m a s s i n g  p r a c t i c e  c r e a t e d  

a p e r f o r m a n c e  d e c r e m e n t  b u t  l e a r n i n g  was n o t  i n f l u e n c e d .

Only  r e c e n t l y  ha v e  a t t e m p t s  b e e n  made t o  d i s c o v e r  

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

e f f i c i e n c y  by i m p o s i n g  work l o a d s ,  upon l e a r n i n g  f i n e  m o t o r  

t a s k s .

A lde rman ^  i n d u c e d  s e v e r e  l o c a l  p h y s i c a l  f a t i g u e  

h a l f w a y  t h r o u g h  t h e  l e a r n i n g  o f  two f i n e  m o t o r  t a s k s .  The 

f a t i g u e  r e s u l t e d  f rom work  p e r f o r m e d  on an arm e r g o m e t e r  

and t h e  t a s k s  em p l oy ed  w e re  t h e  rh o  l e a r n i n g  t e s t ,  a s p e e d  

t e s t ,  and  a p u r s u i t  r o t o r  l e a r n i n g  t e s t ,  a t e s t  o f  a c c u r a c y .  

F o u r  g r o u p s  o f  s u b j e c t s ,  e a c h  c o n s i s t i n g  o f  t h i r t y  male  

c o l l e g e  s t u d e n t s ,  l e a r n e d  e i t h e r  t h e  s p e e d  t a s k  o r  t h e  

a c c u r a c y  t a s k  u n d e r  e i t h e r  t r e a t m e n t  o r  c o n t r o l  c o n d i t i o n s .

I t  was f o u n d  t h a t  t h e  t r e a t m e n t  g r o u p s  s u f f e r e d  a f o r t y  

p e r c e n t  d e c l i n e  i n  p e r f o r m a n c e  b u t  no d i f f e r e n c e s  i n  amount  

o f  l e a r n i n g  r e s u l t e d .

C a r r o n ^  i n v e s t i g a t e d  t h e  i n f l u e n c e  o f  l o c a l  m u s c u l a r  

f a t i g u e  upon l e a r n i n g  a m o t o r  t a s k  when impos ed  e a r l y

^ R i c h a r d  B. A l d e r m a n ,  " I n f l u e n c e  o f  L o c a l  F a t i g u e  
on S pe ed  and  A c c u r a c y  i n  Mo to r  L e a r n i n g , "  R e s e a r c h  Q u a r t e r l y ,  
36 (May,  1 9 6 5 ) ,  131.

^ A l b e r t  V. C a r r o n ,  " P h y s i c a l  F a t i g u e  and Moto r  
L e a r n i n g , "  R e s e a r c h  Q u a r t e r l y , 40 ( D ece mb er ,  1 9 6 9 ) ,  682 .
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and  l a t e  i n  t h e  l e a r n i n g  s e s s i o n .  S e v e n t y - f i v e  c o l l e g e  

women we re  a s s i g n e d  t o  t h r e e  g r o u p s  (n * 25 i n  e a c h  g r o u p ) . 

Lach  s u b j e c t  p e r f o r m e d  f i f t y  t r i a l s  o f  a  p u r s u i t  r o t o r  t a s k  

on t h e  f i r s t  d a y .  The f a t i g u e ,  i n d u c e d  by a hand  e r g o m e t e r ,  

was i n t r o d u c e d  t o  one  g r o u p  a f t e r  t w e n t y - f i v e  p e r c e n t  o f  t h e  

l e a r n i n g  had  o c c u r r e d .  The c o n t r o l  g r o u p  e x p e r i e n c e d  no 

f a t i g u e .  F a t i g u e  was i n t r o d u c e d  t o  a n o t h e r  g r ou p  a f t e r  

s e v e n t y - f i v e  p e r c e n t  o f  t h e  l e a r n i n g  ha d  o c c u r r e d .  A l l  

t h r e e  g r o u p s  p e r f o r m e d  f i f t y  t r i a l s  o f  t h e  same t a s k  t h e  

f o l l o w i n g  d a y .  I t  was f ou n d  t h a t  t h e  e x p e r i m e n t a l  s u b j e c t s  

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

m e n t s  t h a n  d i d  t h e  c o n t r o l  s u b j e c t s ,  b u t  no s i g n i f i c a n t  

d i f f e r e n c e  i n  t h e  amount  l e a r n e d  r e s u l t e d .

Nunney^ d e s i g n e d  a s t u d y  t o  i n v e s t i g a t e  t h e  e f f e c t  

o f  i m p a i r m e n t  f rom p h y s i c a l  a c t i v i t y  upon  t h e  s u b j e c t i v e  

f e e l i n g s  o f  f a t i g u e  and  upon  p s y c h o - m o t o r  l e a r n i n g .  L i g h t y  

c o l l e g e  men we re  a s s i g n e d  t o  f i v e  g r o u p s ,  e q u a t e d  on t h e  

b a s i s  o f  one  t r i a l  o f  a f i n e  m o to r  l e a r n i n g  t a s k .  Four  

work  l o a d s  and two p s y c h o - m o t o r  t e s t s  we re  u s e d .  A c o n t r o l  

g r o u p  l e a r n e d  b o t h  t a s k s  u n d e r  no f a t i g u e .  The f o u r  

e x p e r i m e n t a l  g r o u p s  l e a r n e d  t h e  f i r s t  t a s k  f o l l o w i n g  f o u r  

d i f f e r e n t  work  l o a d s ,  two p e r f o r m e d  on a b i c y c l e  e r g o m e t e r  

and  two on a t r e a d m i l l ,  e a c h  r e q u i r i n g  d i f f e r e n t

7
Der eck  k.  i sunney,  ' F a t i g u e  I m p a i r m e n t  and P s y c h o -  

Mo tor  L e a r n i n g , "  P e r c e p t u a l  and  Moto r  S k i l l s ,  16 ( A p r i l ,  
1 9 6 3 ) ,  369 .
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e n e r g y  e x p e n d i t u r e s .  The l e a r n i n g  t a s k  was t h e  Snoddy 

S t a b i l i m e t e r  t e s t .  A s c o r e  was r e c o r d e d  on e a c h  o f  s i x  

p r a c t i c e s  h e l d  on a l t e r n a t e  d a y s .  S i m i l a r  c o m p a r a t i v e  

d a t a  we re  o b t a i n e d  f rom a s e c o n d  p s y c h o - m o t o r  s k i l l ,  t h e  

R o t a r y  P u r s u i t  m e t e r .

R e s u l t s  o f  t h e  s t u d y  r e v e a l e d  t h a t  t h e  o v e r - a l l  

r a t e  o f  l e a r n i n g  o f  t h e  c o n t r o l  g r o u p  was s i g n i f i c a n t l y  

h i g h e r  t h a n  t h a t  o f  t h e  e x p e r i m e n t a l  g r o u p s  as  shown by 

l e v e l  o f  p e r f o r m a n c e  on  t h e  f i n a l  Snoddy S t a b i l i m e t e r  

s c o r e s .  The f o u r  g r o u p s  e x p e r i e n c e d  d i f f e r e n t  l e v e l s  o f  

e n e r g y  e x p e n d i t u r e ,  y e t  t h e r e  we re  no s i g n i f i c a n t  d i f f e r e n c e s  

among t h e n  i n  l e a r n i n g  r a t e .  No d i f f e r e n c e s  we re  f o u n d  

among t h e  R o t a r y  P u r s u i t  M e t e r  s c o r e s .

Godwin and  Schmidt® s t u d i e d  f a t i g u e  a s  a l e a r n i n g  

v a r i a b l e  by i n t r o d u c i n g  f a t i g u e  p r i o r  t o  t h e  f i r s t  and  

b e t w e e n  e a c h  o f  t w e n t y  t r i a l s  on a f i n e  m o t o r  s k i l l  s i m i l a r  

t o  t h e  rh o  t a s k .  Two g r o u p s  o f  t h i r t y - t w o  s u b j e c t s  e a c h  

p r a c t i c e d  t w e n t y  t r i a l s  on d a y  one  e i t h e r  u n d e r  f a t i g u e d  

c o n d i t i o n s  o r  n o n f a t i g u e d  c o n d i t i o n s .  An arm e r g o m e t e r  

was u s e d  t o  i n d u c e  t h e  f a t i g u e .  On da y  two b o t h  g r o u p s  

p e r f o r m e d  u n d e r  n o n f a t i g u e d  c o n d i t i o n s .  I t  was f o u n d  t h a t  

t h e  f a t i g u e  c a u s e d  s m a l l  b u t  s t a t i s t i c a l l y  s i g n i f i c a n t  

d e c r e m e n t s  i n  l e a r n i n g .  The a u t h o r s  s u g g e s t e d  t h a t  t h e  

s i g n i f i c a n t  f i n d i n g  was t h e  r e s u l t  o f  t h e  m a i n t a i n e n c e

®Margare t  Godwin and  R i c h a r d  S c h m i d t ,  " M u s c u l a r  
F a t i g u e  and  L e a r n i n g  a D i s c r e t e  Mo tor  S k i l l , "  R e s e a r c h  
Q u a r t e r l y , 42 (December ,  1 9 7 1 ) ,  374 .
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o f  t h e  s e v e r e  f a t i g u e  t h r o u g h o u t  t h e  p r a c t i c e  p e r i o d .

C o n t r a d i c t o r y  f i n d i n g s  h a v e  b e e n  r e p o r t e d  c o n c e r n i n g  

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

The f i n d i n g s  o f  A l d e r m a n ^  and  C a r r o n l O  s u g g e s t  t h a t  l o c a l  

m u s c u l a r  f a t i g u e ,  when i n t r o d u c e d  i n t o  a f i n e  m o t o r  l e a r n i n g  

s i t u a t i o n ,  was a p e r f o r m a n c e  v a r i a b l e ,  b u t  n o t  a l e a r n i n g  

v a r i a b l e .  Godwin and  S c h m i d t ^  ha ve  found  l o c a l i z e d  f a t i g u e  

c a u s e s  l e a r n i n g  d e c r e m e n t s  and  N u n n e y l ^  f oun d  t h e  same r e ­

s u l t  u n d e r  g e n e r a l  f a t i g u e .  The c o n f l i c t i n g  n a t u r e  o f  

t h e  f i n d i n g s  r e p o r t e d  t o  d a t e  p e r t a i n i n g  t o  t h e  r o l e  o f  

f a t i g u e  i n  m o t o r  l e a r n i n g  s u g g e s t s  a n e e d  f o r  f u r t h e r  

i n v e s t i g a t i o n .

STUDIES RELATED TO THE INFLUENCE OF FATIGUE 
ON LEARNING GROSS MOTOR SKILLS

Most  o f  t h e  movement  s k i l l s  t a u g h t  i n  p h y s i c a l  

e d u c a t i o n  and  r e l a t e d  f i e l d s ,  su ch  as  r e c r e a t i o n  and 

a t h l e t i c  p r o g r a m s ,  a r e  b a s i c a l l y  g r o s s  m o t o r  s k i l l s ,  i . e . ,  

s k i l l s  i n v o l v i n g  t o t a l  body movement .  S e v e r a l  s t u d i e s  

h a v e  been  r e p o r t e d  w h i c h  e x p l o r e  t h e  i n f l u e n c e  o f  p h y s i c a l  

f a t i g u e  upon g r o s s  m o t o r  l e a r n i n g .

Q
A l d e r m a n ,  l o c . c i t . ,  p .  131.

* ° C a r r o n ,  l o c . c i t . ,  p .  682 .

**Godwin,  l o c . c i t . ,  p .  374.
12 Nun ne y ,  l o c . c i t . ,  p .  369.
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B e n s o n 1 3  c o n d u c t e d  a s t u d y  t o  d e t e r m i n e  i f  p r a c t i c e  

d u r i n g  a s t a t e  o f  f a t i g u e  i n f l u e n c e d  t h e  r a t e  o r  amount  o f  

l e a r n i n g  i n  a j u m p i n g  t a s k  and  i n  a j u g g l i n g  t a s k .

F o r t y - o n e  ma le  c o l l e g e  s t u d e n t s  w e r e  r a n d o m l y  

a s s i g n e d  t o  two g r o u p s .  Two t a s k s  w e r e  l e a r n e d ;  a j u g g l i n g  

t a s k  and  a j u m p i n g  t a s k  w i t h  b o t h  s p e e d  a nd  a c c u r a c y  s c o r e s  

r e c o r d e d  f o r  b o t h  t a s k s .  One g r o u p  p r a c t i c e d  t h e  j u m p i n g  

t a s k  i n  a f a t i g u e d  s t a t e ,  t h e  s e c o n d  g r o u p  f o l l o w e d  t h e  

same p r o c e d u r e  e x c e p t  t h e  t a s k  o r d e r  was r e v e r s e d .  F a t i g u e  

was imposed  by r e g u l a t i n g  r e s i s t a n c e  on a b i c y c l e  e r g o m e t e r  

t o  an i n t e n s i t y  w h i c h  d e v e l o p e d  a h e a r t  r a t e  o f  180 b e a t s  

p e r  m i n u t e  and  s u s t a i n e d  t h i s  r a t e  f o r  an a d d i t i o n a l  two 

m i n u t e s .  E l e v e n  p r a c t i c e  s e s s i o n s  w e re  s c h e d u l e d  o v e r  a 

s i x  week p e r i o d .  I t  was f o u n d  t h a t  1) l e a r n i n g  t h e  s p e e d  

component  o f  t h e  j u m p i n g  t a s k  was i m p a i r e d  by  t h e  f a t i g u e ;

2 ) l e a r n i n g  t h e  a c c u r a c y  co mponen t  o f  t h e  j u m p i n g  t a s k  was 

a i d e d  by p r a c t i c e  i n  t h e  f a t i g u e d  s t a t e ;  and  3) l e a r n i n g  t o  

j u g g l e  was a l s o  e n h a n c e d  by p r a c t i c e  i n  t h e  f a t i g u e d  s t a t e .  

The a u t h o r  c o n c l u d e d  t h a t  f a t i g u e  h a d  a d i f f e r e n t i a l  e f f e c t  

upon m o t o r  l e a r n i n g  d e p e n d i n g  upon t h e  n a t u r e  o f  t h e  t a s k  

b e i n g  l e a r n e d .  Be nson  s u g g e s t e d  t h a t  t h e  o v e r a l l  t i m e  

a l l o t t e d  t o  l e a r n i n g  t h e  t a s k  ( s i x  w eek s )  and  t h e  n a t u r e  o f  

t h e  imposed  f a t i g u e  ( h e a v y  g e n e r a l  f a t i g u e  r a t h e r  t h a n  l o c a l )

13 Da v id  W. B e n s o n ,  " I n f l u e n c e  o f  Imposed  F a t i g u e  on 
L e a r n i n g  A Ju m p i n g  T as k  and A J u g g l i n g  T a s k , "  Re s e a r c h  
Q u a r t e r l y , 39 (Kay ,  1 9 6 8 ) ,  251.
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c o u l d  hav e  b e e n  r e s p o n s i b l e  f o r  t h e  s i g n i f i c a n t  r e s u l t s .

I t  was f u r t h e r  s u g g e s t e d  t h a t  b e c a u s e  o f  t h e  f a t i g u e  t h e  

l e a r n e r  a d o p t e d  d i f f e r e n t  p e r c e p t u a l  a n d  m o t o r  r e s p o n s e s  

i n  o r d e r  t o  e x e c u t e  t h e  s k i l l .

S c h m i d t ^  i n v e s t i g a t e d  t h e  i n f l u e n c e  o f  two b i c y c l e  

e r g o m e t e r  work  b o u t s  011 l e a r n i n g  a g r o s s  m o t o r  b a l a n c i n g  

s k i l l  u s i n g  t h e  Bachman l a d d e r  t a s k .  Two e x p e r i m e n t a l  

g r o u p s  and  a c o n t r o l  g r o u p  p r a c t i c e d  t h e  t a s k  t e n  t i m e s  on 

t h e  l e a r n i n g  d a y .  The t r i a l s  we r e  s p a c e d  by  n i n e t y  s e c o n d s  

i n  w h i c h  e i t h e r  work  o r  r e s t  was i n t r o d u c e d .  Two d a y s  l a t e r  

t h e  g r o u p s  p e r f o r m e d  f o u r  t r i a l s  w i t h  r e s t  p e r i o d s  i n  b e t w e e n .  

The f a t i g u e  was shown t o  hav e  c a u s e d  a p e r f o r m a n c e  d e c r e m e n t  

on t h e  l e a r n i n g  day  b u t  no d i f f e r e n c e s  i n  l e a r n i n g  r e s u l t e d  

when t h e  s e c o n d  day  p e r f o r m a n c e  s c o r e s  we re  a n a l y z e d .

B a r t z  and  S m i t h 1 ^ s o u g h t  t o  d i s c o v e r  t h e  i n f l u e n c e  

o f  m o d e r a t e  f a t i g u e  up on  l e a r n i n g  a b a l a n c i n g  t a s k  p e r f o r m e d  

on a  s t a b i l o m e t c r . A m o d i f i c a t i o n  o f  t h e  B a lk e  T r e a d m i l l  

t e s t  was u s e d  t o  i n d u c e  f a t i g u e .  They  f ou n d  t h a t  a l t h o u g h  

t h e  e x e r c i s i n g  s u b j e c t s  had  e l e v a t e d  h e a r t  r a t e s ,  t h e  s c o r e s  

d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f rom t h e  s c o r e s  o f  t h e  n o n ­

e x e r c i s i n g  s u b j e c t s .  They w a rn ed  h o w e v e r :

l ^ R i c h a r d  A. S c h m i d t ,  " P e r f o r m a n c e  and  L e a r n i n g  a 
Gr os s  Mo to r  S k i l l  Unde r  C o n d i t i o n s  o f  A r t i f i c i a l l y  I n d u c e d  
F a t i g u e , "  R e s e a r c h  Q u a r t e r l y , 28 (May, 1 9 5 7 ) ,  47 .

^ D o u g l a s  W. B a r t z  a nd  Leon L. S m i t h ,  " E f f e c t  o f  
M o d e r a t e  E x e r c i s e  on  t h e  P e r f o r m a n c e  an d  L e a r n i n g  o f  a C r o s s  
Motor  S k i l l , "  P e r c e p t u a l  and Motor  S k i l l s ,  31 ( A u g u s t ,  1 9 7 0 ) ,  
18 7 .
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S t u d i e s  s h o u l d  be e v a l u a t e d  i n  t e r m s  o f  r e l a t i v e  
w o r k l o a d s ,  d u r a t i o n  o f  r e s t  i n t e r v a l s ,  and  t y p e  o f  
s k i l l  b e i n g  l e a r n e d  ( c o m p l e x i t y  and d u r a t i o n )  b e f o r e  
any  a t t e m p t  i s  made t o  g e n e r a l i z e  and  d e r i v e  p r a c t i c a l  
a p p l i c a t i o n  f rom t h e s e  s p e c i f i c  r e s e a r c h  f i n d i n g s .

P h i l l i p s ^  u s e d  two m o t o r  l e a r n i n g  t a s k s  and  t h r e e  

g r o u p s ,  e a c h  e x p e r i e n c i n g  a d i f f e r e n t  l e v e l  o f  p h y s i c a l  

f a t i g u e ,  t o  d e t e r m i n e  i f  l e a r n i n g  was i n f l u e n c e d  by i n t e r ­

p o l a t e d  p h y s i c a l  f a t i g u e .  A s t a b i l o m e t e r  t a s k  and  a r h o  

t a s k  s e r v e d  a s  t h e  l e a r n i n g  t a s k s .  L o c a l i z e d  f a t i g u e  and  

h e a v y  g e n e r a l  f a t i g u e  was i n t r o d u c e d  p r i o r  t o  p r a c t i c e  o f  

b o t h  t a s k s .  Tne c o n t r o l  g r o u p  r e s t e d .  I t  was f o u n d  t h a t  

p h y s i c a l  f a t i g u e  had  no e f f e c t  on m o t o r  l e a r n i n g  f o r  t h e s e  

f a t i g u e  l e v e l s  and  l e a r n i n g  t a s k s .  The c o n c l u s i o n  was made 

t h a t  l e a r n i n g  r e s u l t e d  f rom p r a c t i c e  i n  t e r m s  o f  t h e  number  

o f  p r a c t i c e  t r i a l s  r a t h e r  t h a n  f rom t h e  q u a l i t y  o f  t h e  

p e r f o r m a n c e .

The s t u d i e s  r e v i e w e d  i n  t h i s  s e c t i o n  we re  i n  g e n e r a l  

a g r e e m e n t  t h a t  f a t i g u e  d o e s  n o t  i n f l u e n c e  t h e  l e a r n i n g  o f  

g r o s s  m o t o r  s k i l l s .  The w id e  v a r i a t i o n  i n  t y p e s  o f  l e a r n i n g  

t a s k s  and  m e t h o d s  o f  i n d u c i n g  f a t i g u e  make i t  d i f f i c u l t  t o  

d r aw  d e f i n i t e  c o n c l u s i o n s  a b o u t  f a t i g u e  and  m o t o r  l e a r n i n g .  

The d i f f e r e n t i a l  f i n d i n g s  o f  Benson*?  a l s o  ad d  t o  t h e  

u n c e r t a i n t y  s u r r o u n d i n g  t h e  r o l e  o f  f a t i g u e  i n  t h e  l e a r n i n g  

o f  g r o s s  m o t o r  s k i l l s .

IGlv ' i l l i am H. P h i l l i p s ,  "The E f f e c t  o f  P h y s i c a l  
F a t i g u e  on  Two Motor  L e a r n i n g  T a s k s , "  D o c t o r a l  D i s s e r t a t i o n  
( U n p u b l i s h e d ) ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  1962 .

1 7 Be n so n ,  l o c .  c i t . ,  p .  251 .
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STUDILS RLLATLD TO TI1L INFLUENCE OF FATIGUE 
ON MOTOR PERFORMANCE

T h e r e  h a s  b e e n  a g r e a t  d e a l  o f  r e s e a r c h  r e p o r t e d  

d e a l i n g  w i t h  t h e  e f f e c t  o f  p h y s i c a l  a c t i v i t y ,  and  i t s  

r e s u l t i n g  f a t i g u e ,  on  m o to r  p e r f o r m a n c e .  Only  s e l e c t e d  

s t u d i e s  hav e  b e e n  r e v i e w e d  t o  o u t l i n e  t h e  g e n e r a l  f i n d i n g s .

P h i l l i p s 18 c o n d u c t e d  a s t u d y  f o r  t h e  p u r p o s e  o f  

d e t e r m i n i n g  t h e  e f f e c t  o f  s e v e r e  warm up a c t i v i t i e s  on s p e e d  

o f  p e r f o r m a n c e  o f  a s t a n d a r d i z e d  l imb  movemen t .  T h r e e  

g r o u p s  (n = 25) we re  t e s t e d  u n d e r  e x p e r i m e n t a l  and  c o n t r o l  

c o n d i t i o n s .  Bo th  a r e l a t e d  warm up and an  u n r e l a t e d  warm up 

we re  u s e d  a s  w e l l  a s  t h e  c o n t r o l  c o n d i t i o n .  R e s u l t s  i n d i ­

c a t e d  t h a t  t h e  r e l a t e d  warm up d i d  n o t  s i g n i f i c a n t l y  

i n c r e a s e  t h e  s p e e d  o f  t h e  c r i t e r i o n  movement ,  b u t  t h a t  t h e  

n o n r e l a t e d  warmup r e s u l t e d  i n  s i g n i f i c a n t l y  f a s t e r  movement  

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

N e i t h e r  warm up i n f l u e n c e d  r e a c t i o n  t i m e .

An i n v e s t i g a t i o n  o f  t h e  i n f l u e n c e  o f  warm up on t h e  

s p e e d  o f  arm movement  was c o n d u c t e d  by L o t t e r . 1 ^ The t e s t i n g  

a p p a r a t u s  was a b i c y c l e  c r a n k  a t t a c h e d  t o  t h e  w a l l  w i t h  no 

r e s i s t a n c e  a p p l i e d .  The s u b j e c t  t u r n e d  t h e  c r a n k  a s  f a s t

18W i l l i a m  11. P h i l l i p s ,  " I n f l u e n c e  o f  F a t i g u i n g  
Warmup E x e r c i s e s  on S pe ed  o f  Movement and  R e a c t i o n  L a t e n c y , "  
R e s e a r c h  Q u a r t e r l y , 43 ( O c t o b e r ,  1 9 6 3 ) ,  370 .

19 W i l l a r d  S.  L o t t e r ,  " E f f e c t s  o f  F a t i g u e  and  
Warmup on Speed  o f  Arm n o v e m c n t s , "  R e s e a r c h  q u a r t e r l y ,
30 (March ,  1 9 5 9 ) ,  57 .
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a s  p o s s i b l e  f o r  f o u r  m i n u t e s ,  e i t h e r  u n d e r  a  c o n t r o l  

s i t u a t i o n  o r  f o l l o w i n g  a warm up e x e r c i s e .  The warm up 

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

n e o u s l y  r o t a t i n g  b o t h  a rm s  i n  a c o m p l e t e  c i r c l e ,  a l t e r n a t i n g  

f i r s t  f o r w a r d  t h e n  b a c k w a r d .  I t  was fo un d  t h a t  t h e  p r e ­

l i m i n a r y  e x e r c i s e  ha d  no e f f e c t  on t h e  s p e e d  o f  t h e  arm 

c r a n k i n g  t e s t .

S k u b i c  and  I l odgk in s^O  r e p o r t e d  a s t u d y  i n  w h i c h  

t h i r t y - o n e  women p h y s i c a l  e d u c a t i o n  m a j o r s ,  d i v i d e d  i n t o  

t h r e e  g r o u p s ,  p a r t i c i p a t e d  i n  a s e r i e s  o f  t e s t s  t o  d e t e r m i n e  

t h e  i n f l u e n c e  o f  l i g h t  p h y s i c a l  a c t i v i t y  on m e a s u r e s  o f  s p e e d ,  

s t r e n g t h  and  a c c u r a c y .  The s p e e d  t e s t  was a  o n e - t e n t h  m i l e  

r i d e  on a b i c y c l e  e r g o m e t e r ;  s t r e n g t h  was m e a s u r e d  by t h e  

d i s t a n c e  a s o f t b a l l  c o u l d  be t h r o w n ;  a n d  a c c u r a c y  was 

m e a s u r e d  by t h e  number  o f  s u c c e s s f u l  b a s k e t b a l l  f r e e  t h r o w s  

a s u b j e c t  c o u l d  s c o r e  i n  t e n  t r i e s .

The m e a s u r i n g  t e s t s  we re  p e r f o r m e d  u n d e r  c o n d i t i o n s  

o f  no warmup,  a  g e n e r a l  warmup,  and a  t a s k  r e l a t e d  warmup.

An a n a l y s i s  o f  t h e  d a t a  showed t h a t  t h e r e  we re  no s i g n i f ­

i c a n t  d i f f e r e n c e s  among t h e  t h r e e  t y p e s  o f  warmup p r o c e d u r e s  

on t h e  t e s t  p e r f o r m a n c e .

W e l c h ^ l  c o n d u c t e d  a s t u d y  t o  d e t e r m i n e  w h e t h e r

^ V e r a  S k u b i c  a nd  J e a n  H o d g k i n s ,  " E f f e c t  o f  Warmup 
A c t i v i t i e s  on S p e e d ,  S t r e n g t h  and A c c u r a c y , "  R e s e a r c h  
Q u a r t e r l y , 28 (Kay,  1 9 5 7 ) ,  147 .

21 Marya  Welch ,  " S p e c i f i c i t y  o f  Heavy Work F a t i g u e :  
Absence  o f  T r a n s f e r  f r o m Heavy Leg Work t o  C o o r d i n a t i o n  
T a s k s  U s in g  t h e  Ar m s , "  R e s e a r c h  Q u a r t e r l y  4 (May,  1 9 6 9 ) ,  4 0 2 .
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h e a v y  work f a t i g u e  wou ld  t r a n s f e r  f rom t h e  l e g s  t o  t h e  a rm s .  

Leg f a t i g u e  was i n d u c e d  t h r o u g h  a s t e p p i n g  e x e r c i s e  i n  wh ic h  

t h e  s u b j e c t  s t e p p e d  on and  o f f  an  e i g h t e e n  i n c h  b e n c h  a t  a 

r a t e  o f  s i x t y  moun ts  p e r  m i n u t e .  The m o t o r  p e r f o r m a n c e  

t a s k s  u s e d  w e r e  t h e  r n o  t e s t  ( s p e e d )  i n  two fo r m s  ( e a s y  and 

d i f f i c u l t ) ,  and  t h e  p u r s u i t  r o t o r  t e s t .  I t  was h y p o t h e s i z e d  

t h a t  f a t i g u e  would  t r a n s f e r  f rom t h e  l e g  work  t o  i m p a i r  t h e  

arm p e r f o r m a n c e  t a s k s .  No s i g n i f i c a n t  d i f f e r e n c e s  we re  

f ou n d  b e t w e e n  t h e  e x e r c i s e  g r o u p s  and  t h e  c o n t r o l  g r o u p s  on 

any  o f  t h e  t a s k s .  I n  f a c t ,  t h e  e x p e r i m e n t a l  g r o u p s  p e r ­

fo rmed  s l i g h t l y  b u t  n o t  s i g n i f i c a n t l y  b e t t e r  t h a n  t h e  

c o n t r o l s .

A s t u d y  was d e s i g n e d  by Evans22  t o  e x a m i n e  t h e  

e f f e c t s  o f  h e a v y  p h y s i c a l  work and  h i g h  t e r r e s t r i a l  

e n v i r o n m e n t  upon  t h e  m o t o r  t a s k  o f  p i s t o l  f i r i n g .  The 

h e a v y  p h y s i c a l  work  was u n d e r t a k e n  on a t r e a d m i l l  w a l k i n g  

a s  f a s t  a s  p o s s i b l e  a t  a g r a d e  o f  f i v e  p e r c e n t  u n t i l  work 

d e c r e m e n t  l e v e l s  o f  z e r o  p e r c e n t ,  t e n  p e r c e n t ,  and t h i r t y  

p e r c e n t  we re  a c h i e v e d .  The t r e a d m i l l  s p e e d  was r e g u l a t e d  

by t h e  i n d i v i d u a l  and  t h e  work  l o a d  c a l c u l a t e d  f r om  f e e t  

p e r  m i n u t e  t r a v e l e d .  S i x  s u b j e c t s  w a l k e d  t o  t h e  f o u r  

l e v e l s  o f  f a t i g u e  w i t h  i n s t r u c t i o n s  f o r  e i t h e r  r a p i d  o r  

a c c u r a t e  f i r i n g .  R e s u l t s  i n d i c a t e d  t h a t  a c c u r a c y  was n o t

22W. 0 .  E v a n s ,  " P e r f o r m a n c e  o f  a S k i l l e d  Tas k  
A f t e r  P h y s i c a l  Work o r  i n  a High  A l t i t u d e  E n v i r o n m e n t , "  
P e r c e p t u a l  and  Motor  S k i l l s , 22 ( 1 9 6 6 ) ,  3 7 1 .
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a f f e c t e d  by t h e  f a t i g u e  t r e a t m e n t s  b u t  t h a t  an i n c r e a s e  i n  

f i r i n g  l a t e n c y  d i d  r e s u l t  f rom t h e  t r e a d m i l l  w a l k i n g .

W i t t e ^ 3  u s e d  j u n i o r  h i g h  s c h o o l  g i r l s  as  s u b j e c t s  

f o r  a s t u d y  t o  d e t e r m i n e  i f  a c c u r a c y  m e a s u r e s  c h a n g e d  i n  

r e l a t i o n s h i p  t o  t h e  amount  and  i n t e n s i t y  o f  e x e r c i s e  among 

s k i l l e d  and  u n s k i l l e d  p e r f o r m e r s .  A s k i l l e d  and  u n s k i l l e d  

g r o u p  p e r f o r m e d  a t a s k  i n  w h i c h  a t w e l v e  i n c h  s o f t b a l l  was 

t h r o w n  a t  a t a r g e t  t w e n t y - o n e  i n c h e s  i n  d i a m e t e r  f r om a 

d i s t a n c e  o f  t w e n t y - s e v e n  f e e t .  T h r e e  l e v e l s  o f  e x e r c i s e ,  

l i g h t ,  m o d e r a t e ,  and h e a v y ,  w e r e  a d m i n i s t e r e d  as t h e  t r e a t ­

ment  v a r i a b l e s .  The l e v e l s  w e re  d e t e r m i n e d  by m o n i t o r i n g  

h e a r t  r a t e s .  I t  was f o un d  t h a t  no  d i f f e r e n c e s  e x i s t e d  

among t h e  t h r e e  l e v e l s  o f  t r e a t m e n t  on t h r o w i n g  a c c u r a c y  f o r  

e i t h e r  t h e  s k i l l e d  o r  u n s k i l l e d .  U n s k i l l e d  s u b j e c t s  showed 

g r e a t e r  a c c u r a c y  f o l l o w i n g  e x e r c i s e  a t  a l l  t h r e e  l e v e l s  o f  

f a t i g u e  t h a n  t h e y  d i d  f o l l o w i n g  no  e x e r c i s e .

K e n d r i c k ^  c o n d u c t e d  a s t u d y  t o  d e t e r m i n e  t h e  

e f f e c t s  o f  f a t i g u e  on p e r f o r m a n c e  i n  s e l e c t e d  g r o s s  m o t o r  

s k i l l s ,  and t o  d e t e r m i n e  t h e  e f f e c t s  o f  a f i v e  m i n u t e  

r e c o v e r y  p e r i o d  a f t e r  i n d u c e d  f a t i g u e  on s u b s e q u e n t

^ F .  W i t t e ,  " E f f e c t  o f  P a r t i c i p a t i o n  i n  L i g h t ,
Medium and Heavy E x e r c i s e  Upon A c c u r a c y  i n  Mo to r  P e r f o r m a n c e  
o f  J u n i o r  High S c h o o l  G i r l s , "  R e s e a r c h  Q u a r t e r l y ,  33 ( 1 9 6 2 ) ,  
308 .

24 L a r r y  L.  K e n d r i c k ,  " P e r f o r m a n c e  I n  S e l e c t e d  Gro s s  
Mo to r  S k i l l s  B e f o r e  and A f t e r  F a t i g u i n g  E x e r c i s e , "  D o c t o r a l  
D i s s e r t a t i o n  ( U n p u b l i s h e d ) ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,
1967 .
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p e r f o r m a n c e  o f  s e l e c t e d  g r o s s  m o to r  s k i l l s .  The f a t i g u e  was 

i n d u c e d  t h r o u g h  a b e n c h  s t e p p i n g  work b o u t  and  t h e  g r o s s  

m o t o r  p e r f o r m a n c e  s k i l l s  i n c l u d e d  t h e  b a s k e t b a l l  f r e e  t h r o w ,  

b a s k e t b a l l  jump s h o t , v e r t i c a l  j ump ,  t o t a l  body  r e s p o n s e  

a c c u r a c y ,  a nd  t w e n t y  y a r d  s p r i n t .  A p r e - f a t i g u e  s k i l l  t e s t  

was a d m i n i s t e r e d  f o l l o w e d  by t h e  work b o u t  and t h e  p o s t -  

f a t i g u e  s k i l l  t e s t .  The p o s t - r e c o v e r y  s k i l l  t e s t  was 

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

I t  was c o n c l u d e d  t h a t  f a t i g u e  i m p a i r e d  p h y s i c a l  

p e r f o r m a n c e  t h a t  demanded s t r e n g t h ,  e n d u r a n c e  a nd  r a p i d i t y  

o f  r e s p o n s e  i n v o l v i n g  t o t a l  body  movement .  I t  was a l s o  

c o n c l u d e d  t h a t  g e n e r a l  body  f a t i g u e  d i d  n o t  i n f l u e n c e  t h e  

f i n e  m o t o r  s k i l l  c o m p o n e n t s .

V i n e s ^  c o n d u c t e d  a s t u d y  t o  d e t e r m i n e  i f  f a t i g u e  

i n f l u e n c e d  f a c t o r s  o f  m o to r  p e r f o r m a n c e  s u c h  a s  a c c u r a c y ,  

r e a c t i o n  t i m e ,  and  t h e  c o m b i n a t i o n  o f  t h e  a c c u r a c y  o f  

r e s p o n s e .

Arm f a t i g u e  was i n d u c e d  t h r o u g h  a n  a l l - o u t  work  

b o u t  on a s p r i n g  d e v i c e .  The t e s t  f o r  a c c u r a c y  was d a r t  

t h r o w i n g  an d  t h e  r e a c t i o n  t i m e  t e s t  was movement  away f rom 

a s w i t c h  on a  sound  s t i m u l u s .  One g r o u p  t o o k  a p r e - t e s t  

on t h e  a c c u r a c y  t e s t  f o l l o w e d  by t h e  f a t i g u e  i n d u c e m e n t  

and  t h e  r e - t e s t  on  t h e  a c c u r a c y  t e s t .  The s e c o n d  g r ou p  

f o l l o w e d  t h e  same p r o c e d u r e  f o r  t h e  r e a c t i o n  t i m e  t e s t ,

2 5 R o l a n d  H. V i n e s ,  "The E f f e c t  o f  L o c a l i z e d  F a t i g u e  
on A c c u r a c y ,  R e a c t i o n  T ime ,  and  t h e  Combined P e r f o r m a n c e  o f  
A c c u r a c y  and  R e a c t i o n  T i m e , "  M a s t e r ' s  T h e s i s  ( U n p u b l i s h e d ) , 
L o u i s i a n a  S t a t e  U n i v e r s i t y ,  1966 .
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and  a t h i r d  g r o u p  was t e s t e d  i n  t h e  same m an n e r  u s i n g  b o t h  

v a r i a b l e s .  I t  was f o u n d  t h a t  r e a c t i o n  t i m e  was n o t  a f f e c t e d  

b u t  t h a t  a c c u r a c y  was a d v e r s e l y  a f f e c t e d .

f c l b e l2 6  s t u d i e d  t h e  e f f e c t s  o f  v a r i o u s  fo rms  o f  

s t r e n u o u s  e x e r c i s e  up o n  t h e  r e s p o n s e  o f  men.  F a t i g u e  was 

i n d u c e d  t n r o u g h  s t o o l  s t e p p i n g ,  p u s h  u p s  and  e x t e n d e d  

a t h l e t i c  a c t i v i t y .  The r e s p o n s e s  t e s t e d  w e r e ;  f i n g e r  

r e s p o n s e ,  h a n d  r e s p o n s e ,  and body r e s p o n s e .  I t  was f o u n d  

t h a t  s t o o l  s t e p p i n g  and  p u s h  u p s  c a u s e d  no  s i g n i f i c a n t  

c h a n g e s  i n  r e s p o n s e  t i m e ,  b u t  a t h l e t i c  a c t i v i t y  i m p r o v e d  

r e s p o n s e  t i m e  i n  e a c h  t y p e  o f  r e s p o n s e  t e s t e d .  I t  was 

s u g g e s t e d ,  h o w e v e r ,  t h a t  m o t i v a t i o n a l  f a c t o r s  may ha v e  b e e n  

r e s p o n s i b l e  f o r  t h e  i m p r o v e d  r e s p o n s e s .

Van Huss and  o t h e r s ^ ?  f o u n d  t h a t  an  o v e r l o a d  warm­

up a c t i v i t y  h ad  a s i g n i f i c a n t  e f f e c t  on  v e l o c i t y  i n  b a s e b a l l  

t h r o w i n g .  F i f t y  s u b j e c t s  t h r e w  a r e g u l a t i o n  f i v e  ounce  

b a s e b a l l  t e n  t i m e s  m e a s u r e d  f o r  v e l o c i t y  and  a c c u r a c y  

f o l l o w i n g  a s t a n d a r d  warm u p .  The s u b j e c t s  l a t e r  r e p e a t e d  

t h e  t e n  t h r o w s  m e a s u r e d  f o r  s p e e d  a nd  a c c u r a c y  f o l l o w i n g  an 

o v e r l o a d  warm up c o n s i s t i n g  o f  f i f t e e n  t h r o w s  w i t h  an  e l e v e n  

ounc e  b a s e b a l l .  I t  was fo un d  t h a t  t h e  o v e r l o a d  warm up

“ ^ h .  R. L i b e l ,  "A S t u d y  o f  R e s p o n s e  Time B e f o r e  and 
A f t e r  S t r e n u o u s  L x e r c i s e , "  R e s e a r c h  Q u a r t e r l y ,  11 (May, 1 9 4 0 ) ,  
80 - 95 .

^ W .  D. Van H u s s ,  L. A. A l l r u c t ,  R. N e l s o n  and 
R. Hageman,  " L f f e c t  o f  O v e r l o a d  Warmup on t h e  V e l o c i t y  and 
A c c u r a c y  o f  T h r o w i n g , "  R e s e a r c h  Q u a r t e r l y ,  33 ( O c t o b e r ,
1 9 6 2 ) ,  4 7 2 - 2 7 5 .
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t h r o w s  we r e  s i g n i f i c a n t l y  f a s t e r  t h a n  t h e  t h r o w s  p r e c e d e d  

by a s t a n d a r d  warm u p .  S i g n i f i c a n t l y  d i f f e r e n t  p a t t e r n s  

w e re  f o u n d  among i n d i v i d u a l s  on  s u c c e s s i v e  t h r o w s  i n  a c c u ­

r a c y  r e s p o n s e ,  b u t  no g r o u p  d i f f e r e n c e s  w e re  f o u n d .

The s t u d i e s  c i t e d  i n  t h i s  s e c t i o n  r e p o r t e d  a 

d i v e r g e n c e  o f  f i n d i n g s .  Due t o  t h e  d i f f e r e n c e s  i n  t y p e  

o f  t a s k  a n d  im p o s ed  f a t i g u e  u s e d  no f i r m  c o n c l u s i o n s  we re  

r e a c h e d  i n  r e l a t i o n  t o  t h e  i n f l u e n c e  o f  f a t i g u e  u po n  p e r ­

f o r m a n c e .  I n  e a c h  c a s e  whe re  s e v e r e  o r  h e a v y  p r e l i m i n a r y  

a c t i v i t y  p r e c e d e d  t h e  p e r f o r m a n c e ,  some t y p e  o f  s i g n i f i c a n t  

f i n d i n g  r e s u l t e d . 2 8 , 2 9 , 3 0 , 3 1 , 3 2

STUDIES RELATED TO PRODUCING STANDARD 
WORKLOADS AND HEART RATE RESPONSES

I n  t h e  r e a l m  o f  f i t n e s s  t e s t i n g  a n d  s p o r t ' s  m e d i c i n e  

i t  h a s  b e e n  n e c e s s a r y  t o  c o n s t r u c t  s t a n d a r d i z e d  w o r k l o a d s  

c a p a b l e  o f  p r o d u c i n g  r e l i a b l e  p h y s i o l o g i c  r e s p o n s e s .  The 

t h r e e  m o s t  common m e t h o d s  o f  s t a n d a r d i z i n g  w o r k l o a d s  a r e  

b e n c h  s t e p p i n g ,  a s  u s e d  i n  t h e  i i a r v a r d  S t e p  t e s t ^ 3  and  i t s

28P h i l l i p s ,  l o c . c i t . , p .  370

^ K e n d r i c k ,  l o c . c i t .

3 ° E v a n s ,  l o c . c i t . , p .  371

•**Vines,  l o c  . c i t .

S^Van Hu ss ,  l o c . c i t . , p .  47 2 .

^ L .  L r o u h a ,  N. W. P r a dd  and B. M. S a v a g e ,  " S t u d i e s  
i n  P h y s i c a l  E f f i c i e n c y  o f  C o l l e g e  S t u d e n t s , "  R e s e a r c h  
Q u a r t e r l y , 15 ( 1 9 4 4 ) ,  211.
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m o d i f i c a t i o n s ; 3 4 , 3 5 , 3 6  b i CyCi e e r g o m e t e r  w o r k l o a d s ,  a s  u s e d  

i n  t h e  A s t r a n d  and  Rhyming Nomogram;3? a n d  t r e a d m i l l  w a l k i n g  

a s  u s e d  i n  t h e  B a l k e  T r e a d m i l l  t e s t . 38

The mos t  common p a r a m e t e r  m e a s u r e d  t o  d e t e r m i n e  t h e  

i n f l u e n c e  o f  t h e  work  b o u t  i s  i n c r e a s e  i n  h e a r t  r a t e .  H e a r t  

r a t e  i s  e a s y  t o  m o n i t o r  and  c o r r e l a t e s  l i n e a r l y  w i t h  oxy ge n  

u p t a k e  w h i c h  i s  c o n s i d e r e d  t o  be  t h e  b e s t  i n d e x  o f  a  p e r s o n ' s  

c a r d i o v a s c u l a r  c o n d i t i o n . 39 Fo r  p r a c t i c a l  p u r p o s e s ,  e x e r c i s e  

h e a r t  r a t e  i s  t h e  e a s i e s t  g a u g e  o f  p h y s i o l o g i c  a d a p t a t i o n  

t o  p h y s i c a l  e x e r t i o n  t o  o b t a i n .

S e v e r a l  s t u d i e s  ha ve  b e e n  c o n d u c t e d  t o  e s t a b l i s h  

t h e  r e l i a b i l i t y  o f  h e a r t  r a t e  d u r i n g  e x e r c i s e  o r  p h y s i c a l  

e x e r t i o n .

3 4 j . L.  P a t t e r s o n  a nd  A s s o c i a t e s ,  " E v a l u a t i o n  and 
P r e d i c t i o n  o f  P h y s i c a l  F i t n e s s ,  U t l i z i n g  M o d i f i e d  A p p a r a t u s  
o f  t h e  i i a r v a r d  S t e p  T e s t , "  Am e r i c an  J o u r n a l  o f  C a r d i o l o g y ,  
14 ( 1 9 6 4 ) ,  8 11 .

^**Vera S k u b i c  and  J e a n  H o d g k i n s ,  " C a r d i o v a s c u l a r  
E f f i c i e n c y  T e s t  f o r  G i r l s  and  Women," R e s e a r c h  Q u a r t e r l y ,
35 ( 1 9 6 3 ) ,  1 9 1 .

^ R .  G a l l a g h e r  and L. B r o u h a ,  "A S i m p l e  Method  o f  
T e s t i n g  t h e  P h y s i c a l  F i t n e s s  o f  B o y s , "  R e s e a r c h  Q u a r t e r l y ,  
14 ( 1 9 4 3 ) ,  23 .

3 7 p .  0 .  A s t r a n d  and  I .  Rhyming,  "A Nomogram f o r  
C a l c u l a t i o n  o f  A e r o b i c  C a p a c i t y  ( P h y s i c a l  F i t n e s s )  f r om 
P u l s e  Ra t e  D u r i n g  S ub -m a x im a l  W ork . "  J o u r n a l  o f  A p p l i e d  
P h y s i o l o g y , 7 ( 1 9 5 4 ) ,  218 .

^ B .  B a l k e ,  G. P.  G r i l l o ,  E.  B. K o n e c c i  and  U. C. 
L u f t ,  "Work C a p a c i t y  A f t e r  B lood  D o n a t i o n , "  J o u r n a l  o f  
A p p l i e d  P h y s i o l o g y , 7 ( 1 9 5 4 ) ,  231 .

39peter  V. Karpovich, Phys io logy  o f  Muscular 
A c t i v i t y  ( P h i l a d e l p h i a : W. B. Saunders C o . ,  1 9 6 6 ) ,  p. 283 .
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A l d e r m a n ^  c o n d u c t e d  a s t u d y  t o  d e t e r m i n e  t e s t -  

r e t e s t  r e l i a b i l i t y  f o r  t im e  s c o r e s  on t h e  b i c y c l e  e r g o m e t e r  

f o r  p r o d u c i n g  h e a r t  r a t e s  up t o  180 b e a t s  p e r  m i n u t e .  F o r t y  

ma le  c o l l e g e  s t u d e n t s  p e d a l e d  a t  a r a t e  o f  4 5 . 4 5  p e d a l  rpms 

s t a r t i n g  w i t h  a r e s i s t e n c e  o f  . 25  Kgm w i t h  50 Kgm a d d e d  e a c h  

m i n u t e  u n t i l  t h e  180 r a t e  was r e a c h e d .  A s e c o n d  b o u t  was 

h e l d  f o r t y - e i g h t  h o u r s  l a t e r .  The f o l l o w i n g  c o r r e l a t i o n  

c o e f f i c i e n t s  we re  f ou nd  a t  t e n  h e a r t  r a t e  i n t e r v a l s  f rom 

150 t o  180 b e a t s  p e r  m i n u t e .  (At  140 b e a t s  p e r  m i n u t e  

r  * . 8 1 8 ;  a t  150 ,  r  = . 8 5 6 ;  a t  1 6 0 ,  r  = . 8 9 4 ;  a t  170 ,  r  =

. 8 8 8 ;  and  a t  180 ,  r  = . 8 5 6 . )  The r e s u l t s  o f  t h i s  s t u d y  showed 

t h a t  t i m e  s c o r e s  i n c r e a s e d  i n  r e l i a b i l i t y  f r om 100 t o  160 

p e r  m i n u t e ,  b u t  t h a t  no  f u r t h e r  i n c r e a s e  i n  r e l i a b i l i t y  

o c c u r r e d  f rom 160 t o  180 b e a t s  p e r  m i n u t e .  I t  may be  c o n ­

c l u d e d  f rom t h i s  s t u d y  t h a t  an i n d i v i d u a l  when e x p o s e d  t o  

t h e  same work l o a d  on d i f f e r e n t  o c c a s i o n s  w i l l  r e s p o n d  

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

I n t e r i n d i v i d u a l  d i f f e r e n c e s  i n  h e a r t  r a t e  r e s p o n s e  

was t h e  s u b j e c t  o f  a n o t h e r  s t u d y  by A ld e rman ^*  i n  w h i c h  f o r t y  

c o l l e g e  s t u d e n t s  w e re  t e s t e d  on f o u r  s e p a r a t e  o c c a s i o n s  on 

a b i c y c l e  e r o g o m e t e r .  The f i r s t  two b o u t s  c o n s i s t e d  o f  

p e d a l i n g  a t  a r a t e  o f  100 w h e e l  rpms and  t h e  s e c o n d  two

40 R i c h a r d  B. A l d e r m a n ,  " R e l i a b i l i t y  o f  I n d i v i d u a l  
D i f f e r e n c e s  i n  t h e  180 H e a r t  Ra te  R e s p o n s e  T e s t  i n  B i c y c l e  
E r g o m e t e r  Work , "  R e s e a r c h  Q u a r t e r l y , 37 ( 1 9 6 6 ) ,  429.

^ R i c h a r d  B. A l d e rm a n ,  " I n t e r i n d i v i d u a l  D i f f e r e n c e s  
i n  H e a r t  Ra t e  R e sp o n se  t o  B i c y c l e  E r g o m e t e r  Work , "  R e s e a r c h  
Q u a r t e r l y , 38 ( 1 9 6 7 ) ,  3 2 3 - 3 2 9 .
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c o n s i s t e d  o f  p e d a l i n g  a t  a  r a t e  o f  120 w h e e l  r pms .  The 

f r i c t i o n a l  r e s i s t e n c e  was p r o g r e s s i v e l y  i n c r e a s e d  by one  

h a l f  k i l o g r a m  p e r  m i n u t e  a t  t h e  en d  o f  e a c h  m i n u t e  u n t i l  a 

h e a r t  r a t e  o f  180 was a c h i e v e d .  The s c o r e s  w e re  t i m e  

r e a d i n g s  t a k e n  a t  e a c h  t e n  b e a t  h e a r t  r a t e  l e v e l  b e t w e e n  

100 and 180 .

I t  was f o u nd  t h a t  t h e r e  we r e  no s i g n i f i c a n t  d i f f e r ­

e n c e s  b e t w e e n  t e s t  and r e t e s t  e x e r c i s e  t i m e s  a t  any  l e v e l  o f  

h e a r t  r a t e .  A c o r r e l a t i o n  c o e f f i c i e n t  o r  r  = . 875  was 

c a l c u l a t e d  f o r  t h e  tivo work  l o a d s  a t  t h e  180 h e a r t  r a t e  l e v e l .  

I t  was c o n c l u d e d  t h a t  " i n d i v i d u a l  d i f f e r e n c e s  i n  h e a r t  r a t e  

r e s p o n s e  a t  two d i f f e r e n t  w o r k l o a d s  w i t h i n  t h e  same t a s k  

showed h i g h  g e n e r a l i t y . " 4 2

N a g l e  an d  B e d e c k i ^ S  i n v e s t i g a t e d  h e a r t  r a t e  r e s p o n s e  

t o  t r e a d m i l l  r u n n i n g .  F o r t y - f o u r  s u b j e c t s  p e r f o r m e d  an  a l l -  

o u t  r u n  on a t r e a d m i l l  w i t h  an  i n i t i a l  s p e e d  o f  3 . 5  m i l e s  

p e r  h o u r  and  a f i v e  p e r c e n t  g r a d e .  Both  s p e e d  an d  g r a d e  

we re  g r a d u a l l y  i n c r e a s e d  t o  5 . 6  m i l e s  p e r  h o u r  an d  t e n  

p e r c e n t  r e s p e c t i v e l y .  The t i m e s  f o r  h e a r t  r a t e s  o f  150 ,

160 ,  170 and 180 b e a t s  p e r  m i n u t e  we re  r e c o r d e d .  A 

c o r r e l a t i o n  o f  .85 was f o u n d  a t  t h e  r a t e  o f  180 b e a t s  p e r  

m i n u t e .  I t  was a l s o  f o u n d  t h a t  c o r r e l a t i o n s  b e t w e e n  h e a r t  

r a t e  t i m e s  and t h e  a l l - o u t  r u n  t i m e s  i n c r e a s e d  w i t h  t h e

^ F r a n c i s  N a g l e  and  Thomas B e d e c k i ,  "Use o f  t h e  
180 H e a r t  Ka t e  R e sp o n se  a s  a  M e as u r e  o f  C i r c u l o r e s p i r a t o r y  
C a p a c i t y , "  R e s e a r c h  Q u a r t e r l y , 34 ( 1 9 6 3 ) ,  3 6 1 .



29

h e a r t  r a t e .

The s t u d i e s  r e v i e w e d  i n  t h i s  s e c t i o n  p r e s e n t  

e v i d e n c e  t h a t  i n d i v i d u a l  h e a r t  r a t e  r e s p o n s e  t o  i d e n t i c a l

r e p e a t e d  w o r k l o a d s  i s  h i g h l y  r e l i a b l e .  P a r t i a l l y  r e s p o n ­

s i b l e  f o r  t h i s  f i n d i n g  i s  t h e  r e a d i l y  r e p r o d u c i b l e  work l o a d s  

made p o s s i b l e  by t h e  b i c y c l e  e r g o m e t e r  a nd  t r e a d m i l l .

GENERAL SUMMARY

I t  c a n n o t  be s t a t e d  a t  t h i s  t i m e  w h e t h e r  p h y s i c a l  

f a t i g u e  i s  a s i g n i f i c a n t  f a c t o r  i n f l u e n c i n g  m o t o r  l e a r n i n g .  

T h e r e  i s  some e v i d e n c e  t h a t  f a t i g u e  a d v e r s e l y  a f f e c t s  m o to r  

l e a r n i n g . 4 4 » 45 one  s t u d y  was r e p o r t e d  i n  w h i c h  f a t i g u e  was 

f o u n d  t o  b o t h  e n h a n c e  an d  h i n d e r  m o t o r  l e a r n i n g . 46 S e v e r a l  

s t u d i e s  ha ve  f o u n d  t h a t  p h y s i c a l  f a t i g u e  h a s  no  i n f l u e n c e  

on m o t o r  l e a r n i n g . 4 7 , 4 8 , 4 9 , 5 0  T h e r e  i s  a l s o  an  a b s e n c e  o f  

e v i d e n c e  r e l a t e d  t o  t h e  r e l a t i o n s h i p  b e t w e e n  l e a r n i n g  

c o n d i t i o n s  and  p e r f o r m a n c e  c o n d i t i o n s .

4 ^ N u n n e y ,  l o c . c i t . , 3 6 9 .

^ G o d w i n ,  l o c . c i t . , p .  3 74 .

^ ^ B e n s o n ,  l o c .  c i t . , p .  251 

^ A l d e r m a n ,  l o c . c i t . , p .  131 .

*® Ca r r on ,  l o c .  c i t . , p .  682 .

^ B a r t z ,  l o c . c i t . , p .  187 .

• ^ P h i l l i p s ,  l o c . c i t . , p .  370 .
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The r e v i e w  o f  s t u d i e s  r e l a t e d  t o  p h y s i c a l  f a t i g u e  

and  t a s k  p e r f o r m a n c e  r e v e a l e d  t h a t  s e v e r e  f a t i g u e  i n d u c e d  

p r i o r  t o  p e r f o r m a n c e  g e n e r a l l y  had  d e t r i m e n t a l  e f f e c t s  on 

t h e  p e r f o r m a n c e  s c o r e s .  I t  was g e n e r a l l y  f o u n d  t h a t  i n  

s t u d i e s  whe re  l i g h t  o r  m o d e r a t e  f a t i g u e  was i n d u c e d ,  p e r ­

f o r m a n c e  s c o r e s  we re  n o t  i n f l u e n c e d  s i g n i f i c a n t l y .

The s t u d i e s  r e l a t e d  t o  p r o d u c i n g  s t a n d a r d  work l o a d s  

and  h e a r t  r a t e  r e s p o n s e s  i n d i c a t e d  t h a t  s t a n d a r d i z e d  w o r k ­

l o a d s  t e n d  t o  p r o d u c e  r e l i a b l e  h e a r t  r a t e  r e s p o n s e s ,  

p a r t i c u l a r l y  i n  s t u d i e s  w h e r e  t h e  b i c y c l e  e r g o m e t e r  and  

t r e a d m i l l  we re  u s e d .



CHAPTER I I I

EXPERIMENTAL PROCEDURES 

OVERVIEW OF PROCEDURE

T h i s  s t u d y  was c o n d u c t e d  f o r  t h e  p u r p o s e s  o f  

d e t e r m i n i n g  (1)  i f  t h e  e f f e c t s  o f  p r a c t i c i n g  a n o v e l  g r o s s  

m o t o r  t a s k  w h i l e  i n  f a t i g u e d  and  n o n f a t i g u e d  c o n d i t i o n s ,  

we re  r e f l e c t e d  i n  s u b s e q u e n t  p e r f o r m a n c e  o f  t h e  t a s k ,  and  

(2)  i f  p r a c t i c i n g  w h i l e  i n  a f a t i g u e d  s t a t e  i n f l u e n c e d  t h e  

l e a r n i n g  r e s u l t i n g  f rom t h a t  p r a c t i c e .  The d a t a  f o r  t h i s  

s t u d y  we re  o b t a i n e d  f rom a l e a r n i n g  and  a p e r f o r m a n c e  p h a s e .

T h r e e  g r o u p s ,  e a c h  composed  o f  t w e n t y - s e v e n  male  

c o l l e g e  s t u d e n t s ,  p a r t i c i p a t e d  i n  t h e  s t u d y  o v e r  a  two 

week p e r i o d  o f  t i m e .  D ur in g  t h e  f i r s t  week ,  e a c h  g r o u p  

p r a c t i c e d  a n o v e l  g r o s s  m o t o r  t a s k  u n d e r  a  s p e c i f i c  l e v e l  

o f  p h y s i c a l  f a t i g u e .  One g r o u p  (Group H) p r a c t i c e d  t h e  

t a s k  u n d e r  a c o n d i t i o n  o f  h e a v y  f a t i g u e .  The s e c o n d  g r o u p  

(Group M) p r a c t i c e d  t h e  t a s k  u n d e r  a c o n d i t i o n  o f  m o d e r a t e  

f a t i g u e .  The t h i r d  g r o u p  (Group N) p r a c t i c e d  t h e  t a s k  u n d e r  

no f a t i g u e .  Each  s u b j e c t  had  s i x  p r a c t i c e  t r i a l s ;  two 

t r i a l s  e a c h  da y  f o r  t h r e e  d a y s  w i t h  a f o r t y - e i g h t  h o u r  

p e r i o d  b e t w e e n  p r a c t i c e  d a y s .  Tiie t r i a l s  we re  i m m e d i a t e l y  

p r e c e d e d  by e i t h e r  a work b o u t  on a b i c y c l e  e r g o m e t e r ,  a s  

w i t h  Group 11 an d  Group M, o r  by r e s t ,  a s  w i t h  Group N. 

E x e r c i s e  h e a r t  r a t e  was u s e d  a s  t h e  p h y s i c a l  f a t i g u e

31
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c r i t e r i o n .  The m o d e r a t e  f a t i g u e  c r i t e r i o n  was s e t  a t  150 

b e a t s  p e r  m i n u t e ,  and  t h e  h e av y  f a t i g u e  c r i t e r i o n  was s e t  

a t  180 b e a t s  p e r  m i n u t e .  The m o d e r a t e  f a t i g u e  s u b j e c t s  

worke d  a t  a r a t e  o f  600 k i l o p o n d  m e t e r s  p e r  m i n u t e  f o r  

a p p r o x i m a t e l y  f i v e  m i n u t e s .  The h e a v y  f a t i g u e  s u b j e c t s  

worked  a t  a r a t e  o f  900 k i l o p o n d  m e t e r s  p e r  m i n u t e  f o r  f i v e  

t o  s i x  m i n u t e s .  The s u b j e c t s  who p r a c t i c e d  t h e  t a s k  

u n d e r  no f a t i g u e  p e r f o r m e d  no p r e l i m i n a r y  e r g o m e t e r  wo r k .

The s i x  p r a c t i c e  t r i a l s  w i l l  h e n c e f o r t h  be r e f e r r e d  t o  a s  

t h e  l e a r n i n g  p h a s e  o f  t h e ’ s t u d y .

D u r i n g  s e c o n d  week e a c h  s u b j e c t  a g a i n  p e r f o r m e d  s i x  

t r i a l s  o f  t h e  n o v e l  g r o s s  m o to r  t a s k .  The p r o c e d u r e s  

w e re  t h e  same e x c e p t  e a c h  o f  t h e  t h r e e  d a y s  t h e  s u b j e c t  

p e r f o r m e d  two t r i a l s  u n d e r  a d i f f e r e n t  f a t i g u e  c o n d i t i o n .

At t h e  end  o f  t h e  week t h e  s u b j e c t  had  p e r f o r m e d  u n d e r  a l l  

t h r e e  f a t i g u e  c o n d i t i o n s .  T hes e  s e c o n d  week t r i a l s  we re  

c o n s i d e r e d  a s  p e r f o r m a n c e  t r i a l s  and  n o t  a s  l e a r n i n g  t r i a l s ,  

s i n c e  t h e  l e a r n i n g  was a s su m ed  t o  hav e  t a k e n  p l a c e  d u r i n g  

t h e  f i r s t  week t r i a l s .  The s e c o n d  week t r i a l s  w i l l  h e n c e ­

f o r t h  be r e f e r r e d  t o  a s  t h e  p e r f o r m a n c e  p h a s e  o f  t h e  s t u d y .

The d a t a  g a t h e r e d  on e a c h  o f  t h e  e i g h t y - o n e  s u b j e c t s  

c o n s i s t e d  o f  s i x  p r a c t i c e  t r i a l  s c o r e s  a l l  o b t a i n e d  w h i l e  

t h e  s u b j e c t  was u n d e r  one  s p e c i f i c  c o n d i t i o n  o f  p h y s i c a l  

f a t i g u e ,  and  t h r e e  mean p e r f o r m a n c e  t r i a l  s c o r e s ,  one  f o r  

e a c h  o f  t h e  p h y s i c a l  f a t i g u e  c o n d i t i o n s .

The l e a r n i n g  an d  p e r f o r m a n c e  p h a s e  d a t a  we re  

a n a l y z e d  by a n a l y s i s  o f  v a r i a n c e  t e c h n i q u e s .
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SUBJECTS

E i g h t y - o n e  male  c o l l e g e  s t u d e n t s  r a n g i n g  i n  age  

f rom s e v e n t e e n  t o  t w e n t y - s e v e n  y e a r s  and  e n r o l l e d  a t  

T u l a n e  U n i v e r s i t y ,  New O r l e a n s ,  L o u i s i a n a ,  d u r i n g  t h e  

summer and  f a l l  s e m e s t e r s  1971 s e r v e d  a s  s u b j e c t s  f o r  t h i s  

s t u d y .  The s u b j e c t s  w e r e  r a n d o m l y  a s s i g n e d  t o  t h r e e  e x p e r i ­

m e n t a l  g r o u p s ,  e a c h  g r o u p  composed  o f  t w e n t y - s e v e n  s u b j e c t s .

Each  s u b j e c t  was i n t e r v i e w e d  p r i o r  t o  t h e  b e g i n n i n g  

o f  t h e  s t u d y  t o  e x p l a i n  t h e  p r o c e d u r e s  t o  be  f o l l o w e d  i n  

c o l l e c t i n g  t h e  d a t a ,  d e s c r i b i n g  t h e  r e s p o n s i b i l i t i e s  i n c u m ­

b e n t  upon e a c h  p a r t i c i p a n t ,  and  f a m i l i a r i z i n g  t h e  s u b j e c t  

w i t h  a p p a r a t u s  u s e d  i n  t h e  s t u d y .  The n o v e l  g r o s s  m o t o r  

t a s k  u s e d  i n  t h e  s t u d y  was e x p l a i n e d  and  d e m o n s t r a t e d  t o  t h e  

s u b j e c t  as  p a r t  o f  t h i s  o r i e n t a t i o n .

A s u b j e c t  was d r o p p e d  f rom t h e  s t u d y  i f  he  1) m i s s e d  

a p r a c t i c e  s e s s i o n  d u r i n g  t h e  l e a r n i n g  p h a s e  o f  t h e  s t u d y ,  

o r  2) i f  he  m i s s e d  a p e r f o r m a n c e  s e s s i o n  d u r i n g  t h e  p e r ­

f o r m an c e  p h a s e  w h i ch  was n o t  made up w i t h i n  t w e n t y - f o u r  

h o u r s .

DESCRIPTION OF THE TASK

A p p a r a t u s  and  T e s t i n g  A r e a . A p p a r a t u s  u s e d  i n  t h e  

t a s k  p e r f o r m a n c e  i n c l u d e d  a s t a n d a r d  v o l l e y  b a l l ,  an e i g h t  

i n c h  c y l i n d r i c a l  b a d m i n t o n  s h u t t l e c o c k  c o n t a i n e r  (wh ic h  w i l l  

be  r e f e r r e d  t o  as  t h e  t e e ) , a  s t a n d a r d  b a s k e t b a l l  g o a l
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a t t a c h e d  t o  a  b a c k b o a r d  and  mounted  two f e e t  above  t h e  f l o o r ,  

a  r e g u l a t i o n  s q u a r e  b a s k e t b a l l  b a c k b o a r d ,  and  a  s t o p  w a t c h .

The t a s k  was p r a c t i c e d  and  p e r f o r m e d  on  one  end  o f  

a b a s k e t b a l l  c o u r t  a s  s e e n  i n  F i g u r e  1 .  A t r i a n g u l a r  c o u r s e  

was l a i d  o u t  on t h e  b a s k e t b a l l  c o u r t ,  e a c h  l e g  o f  t h e  c o u r s e  

b e i n g  f o r t y - f i v e  f e e t  i n  l e n g t h .  Each  o f  t h e  l e g s  was 

d i v i d e d  i n t o  t h r e e  z o n e s  f i f t e e n  f e e t  i n  l e n g t h .

The T a s k . The t a s k  b e g a n  a t  one  c o r n e r  o f  t h e  

t r i a n g u l a r  c o u r s e  w i t h  t h e  s u b j e c t  p i c k i n g  up t h e  v o l l e y ­

b a l l  b a l a n c e d  on  t h e  t e e .  W hi l e  b a l a n c i n g  t h e  b a l l  on  t h e  

t e e ,  t h e  s u b j e c t  moved a s  r a p i d l y  a s  p o s s i b l e  a l o n g  t h e  

f i r s t  l e g  o f  t h e  c o u r s e  t o  t h e  f i r s t  s t a t i o n ,  shown i n  

F i g u r e  2 .  At  t h e  f i r s t  s t a t i o n  t h e  s u b j e c t  p l a c e d  t h e  t e e  

an d  b a l l  on t h e  f l o o r  t h r e e  f e e t  f rom t h e  n e a r e s t  edge  o f  

t h e  r i m  o f  t h e  low b a s k e t b a l l  g o a l .  The s u b j e c t  a t t e m p t e d  

t o  k i c k  t h e  b a l l  f r om t h e  t e e  i n t o  t h e  g o a l  a s  d e p i c t e d  i n  

F i g u r e  3 .  At t h i s  s t a t i o n  t h e  s u b j e c t  was r e q u i r e d  t o  k i c k  

t h e  b a l l  i n t o  t h e  g o a l  o r  t o  make t e n  u n s u c c e s s f u l  k i c k i n g  

a t t e m p t s ,  w h i c h e v e r  came f i r s t .  A f t e r  f u l f i l l i n g  t h e  r e ­

q u i r e m e n t  a t  t h e  f i r s t  s t a t i o n ,  t h e  s u b j e c t  a g a i n  p i c k e d  

up t h e  b a l l ,  p l a c e d  i t  on  t h e  t e e  and  moved a s  r a p i d l y  a s  

p o s s i b l e  t o  t h e  n e x t  s t a t i o n .  At t h i s  s t a t i o n  t h e  s u b j e c t  

was r e q u i r e d  t o  p i t c h  t h e  b a l l  f r om t h e  t e e  a g a i n s t  t h e  

s t a n d a r d  b a s k e t b a l l  b a c k b o a r d  and  a t t e m p t  t o  c a t c h  t h e  

r e b o u n d i n g  b a l l  on t h e  t e e  a s  v i ew ed  i n  F i g u r e  4 .  The 

p i t c h  was made s e v e n  f e e t  f r om t h e  b a c k b o a r d  and t h e  s u b j e c t  

was a l l o w e d  t o  move w h e r e v e r  lie w i s h e d  t o  c o n t r o l  t h e



FIRST
STATION

STARTING
LINE

F i g u r e  1 

T as k  C o ur se



F i g u r e  2 

S u b j e c t  I l l u s t r a t i n g  Run wi 

B a l l  B a l a n c e d  on t h e  Tee
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F i g u r e  3

S u b j e c t  I l l u s t r a t i n g  K i c k i n g  B a l l  From 

Tee  I n t o  Low B a s k e t b a l l  Goal  

At S t a t i o n  One



F i g u r e  4

S u b j e c t  I l l u s t r a t i n g  P i t c h i n g  and  

C a t c h i n g  T e c h n i q u e  a t  

S t a t i o n  Two
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r e b o u n d i n g  b a l l .  F o l l o w i n g  an  u n s u c c e s s f u l  p i t c h i n g  a t t e m p t ,  

t h e  b a l l  was r e t r i e v e d  and  p i t c h e d  a g a i n .  The t a s k  r e q u i r e ­

ment  o f  t h e  s t a t i o n  c o n s i s t e d  o f  e i t h e r  c a t c h i n g  t h e  

r e b o u n d i n g  b a l l  o r  mak ing  t e n  u n s u c c e s s f u l  a t t e m p t s  t o  

c a t c h  t h e  r e b o u n d i n g  b a l l ,  w h i c h e v e r  came f i r s t .  A f t e r  

f u l f i l l i n g  t h e  r e q u i r e m e n t s  o f  t h i s  s t a t i o n ,  t h e  s u b j e c t  

r e t u r n e d  a l o n g  t h e  t h i r d  l e g  o f  t h e  t r i a n g l e  t o  t h e  s t a r t i n g  

p o s i t i o n  whe re  t h e  t e e  and  b a l l  we re  p l a c e d  on  t h e  f l o o r .

I f  d u r i n g  t h e  c o u r s e  o f  moving  f rom one  s t a t i o n  t o  a n o t h e r ,  

c o n t r o l  o f  t h e  b a l l  was l o s t ,  o r  i t  was d r o p p e d ,  t h e  s u b j e c t  

r e t r i e v e d  t h e  b a l l  an d  r e t u r n e d  t o  t h e  b e g i n n i n g  o f  t h e  zon e  

i n  w h i c h  c o n t r o l  was l o s t ,  b e f o r e  c o n t i n u i n g .  One t r i a l  

c o n s i s t e d  o f  c o v e r i n g  t h e  t r i a n g u l a r  c o u r s e  f i v e  t i m e s .  The 

s c o r e ,  r e c o r d e d  on a s t o p  w a t c h ,  was t h e  l e n g t h  o f  t i m e  i n  

s e c o n d s  r e q u i r e d  t o  c o m p l e t e  t h e  f i v e  c i r c u i t s .

PILOT STUDY

A p i l o t  s t u d y  was c o n d u c t e d  p r i o r  t o  t h e  e x p e r i m e n t  

t o  d e t e r m i n e  i f  t h e  t a s k  i n  q u e s t i o n  was a  l e a r n i n g  t a s k .  

F o u r t e e n  m a l e  c o l l e g e  s t u d e n t s  p r a c t i c e d  t h e  t a s k  f o u r  t i m e s .  

When t h e  mean o f  t h e  f i r s t  two s c o r e s  was c o m p a r e d  w i t h  t h e  

mean o f  t h e  l a s t  two s c o r e s ,  t h e  t - t e s t  f o r  m a t c n e d  g r o u p s  

r e v e a l e d  t h a t  t h e  s c o r e s  d i f f e r e d  s i g n i f i c a n t l y  i n  f a v o r  o f  

t r i a l s  t h r e e  and f o u r .  I t  was c o n c l u d e d  t h a t  l e a r n i n g  d i d  

t a k e  p l a c e .

I t  was n o t i c e d  t h a t  a f t e r  f o u r  p r a c t i c e  t r i a l s  t h e  

impr ove men t  i n c r e m e n t s  we r e  q u i t e  s m a l l .  I t  was d e c i d e d
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a s  a  r e s u l t  o f  t h i s  o b s e r v a t i o n  t h a t  s i x  p r a c t i c e  t r i a l s  

wou ld  be s u f f i c i e n t  f o r  t h e  l e a r n i n g  p h a s e  o f  t h e  s t u d y .

(S e e  A p p e n d i x  F)

PHYSICAL FATIGUE CRITERIA

T h r e e  p h y s i c a l  f a t i g u e  c o n d i t i o n s  w e re  u s e d  i n  t h e  

s t u d y .  The c o n d i t i o n s  w e r e  c a l l e d  n o n f a t i g u e ,  m o d e r a t e  

f a t i g u e  and  h e a v y  f a t i g u e .  The f a t i g u e  c o n d i t i o n s  we r e  

a d m i n i s t e r e d  t o  t h e  s u b j e c t  i m m e d i a t e l y  b e f o r e  s t a r t i n g  t h e  

f i r s t  t r i a l  e a c h  d a y .  The c r i t e r i a  e s t a b l i s h e d  f o r  e a c n  

c o n d i t i o n  a r e  d e s c r i b e d  b e l o w .

N o n f a t i g u e . The s u b j e c t ' s  r e s t i n g  h e a r t  r a t e  t a k e n  

a f t e r  f i v e  m i n u t e s  i n  a s i t t i n g  p o s i t i o n  was c o n s i d e r e d  t h e  

c r i t e r i o n  f o r  t h e  n o n f a t i g u e  c o n d i t i o n .

M o d e r a t e  f a t i g u e . The m o d e r a t e  f a t i g u e  c r i t e r i o n  

was an e x e r c i s e  h e a r t  r a t e  o f  150 b e a t s  p e r  m i n u t e  p r o d u c e d  

t h r o u g h  a work  b o u t  on  a f r i c t i o n  t y p e  b i c y c l e  e r g o m e t e r .

The work  l o a d  was 600 k i l o p o n d  m e t e r s  p e r  m i n u t e  s u s t a i n e d  

f o r  a p p r o x i m a t e l y  f i v e  m i n u t e s .

Heavy f a t i g u e . The h e a v y  f a t i g u e  c r i t e r i o n  was an 

e x e r c i s e  h e a r t  r a t e  o f  180 b e a t s  p e r  m i n u t e  p r o d u c e d  t h r o u g h  

a work  b o u t  on a f r i c t i o n  t y p e  b i c y c l e  e r g o m e t e r .  The work 

l o a d  was 900 k i l o p o n d  m e t e r s  p e r  m i n u t e  s u s t a i n e d  f o r  t h r e e  

t o  f o u r  m i n u t e s .  A f t e r  t h e  180 h e a r t  r a t e  was a c h i e v e d ,  t h e  

work  c o n t i n u e d  an a d d i t i o n a l  two m i n u t e s .
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PROCEDURES FOR APPLYING FATIGUE TREATMENTS

Two t r i a l s  w e r e  g i v e n  e a c h  d a y  t h e  s u b j e c t s  

r e p o r t e d  t o  t h e  t e s t i n g  a r e a  f o r  b o t h  t h e  l e a r n i n g  p h a s e  

and  t h e  p e r f o r m a n c e  p h a s e .  The f o l l o w i n g  s t e p s  we re  

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

1 .  The s u b j e c t  was a s k e d  t o  r e p o r t  t o  t h e  t e s t  s i t e  

f i v e  m i n u t e s  e a r l y  and t o  w a i t  q u i e t l y  i n  an  a d j a c e n t  room.

2 .  The s u b j e c t  was c a l l e d  t o  t h e  t e s t  a r e a  a n d  

s e a t e d  on t h e  b i c y c l e  e r g o m e t e r .  A r e s t i n g  h e a r t  r a t e  

c o u n t  was t a k e n  a f t e r  f i v e  m i n u t e s .  A l l  h e a r t  r a t e  m e a s u r e ­

m e n t s  w e r e  t a k e n  by p a l p a t i n g  t h e  r a d i a l  a r t e r y  o f  t h e  

s u b j e c t ' s  l e f t  w r i s t .

3 .  I f  t h e  s u b j e c t  was i n  t h e  n o n f a t i g u e  g r o u p ,  t h e  

f i r s t  t r i a l  b e g a n  i m m e d i a t e l y  f o l l o w i n g  t h e  r e s t i n g  h e a r t  

r a t e  c o u n t .

4 .  The m o d e r a t e  f a t i g u e  s u b j e c t s  p e d a l e d  a t  a  r a t e  

o f  f i f t y  p e d a l  r e v o l u t i o n s  p e r  m i n u t e ,  w h i c h  c o r r e s p o n d e d

t o  a r a t e  o f  t w e n t y  k i l o m e t e r s  p e r  h o u r  r e a d  f rom t h e  s p e e d ­

o m e t e r .  The r e s i s t a n c e  was s e t  a t  two k i l o p o n d s .

5 .  The e x e r c i s e  h e a r t  r a t e  was m o n i t o r e d  t h e  l a s t  

f i f t e e n  s e c o n d s  o f  e a c h  m i n u t e .  S l i g h t  a d j u s t m e n t s  i n  t h e  

f r i c t i o n a l  r e s i s t a n c e  were made t o  a s s u r e  a r r i v a l  a t  t h e  150 

b e a t  p e r  m i n u t e  c r i t e r i o n  l e v e l  a t  t h e  f i v e  m i n u t e  m a r k .

6 . At  t h e  command " s t o p "  t h e  s u b j e c t  d i s m o u n t e d  

f rom t h e  e r g o m e t e r  and w a l k e d  f i v e  s t e p s  t o  t h e  t a s k  s t a r t i n g  

p o i n t .  The t a s k  t i m e  b e g a n  a s  t h e  s u b j e c t  c r o s s e d  t h e
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s t a r t i n g  l i n e  and  e nd ed  when he c r o s s e d  t h e  f i n i s h  l i n e .

7 .  The same p r o c e d u r e s  w e r e  u s e d  f o r  t h e  h e a v y  

f a t i g u e  t r e a t m e n t  e x c e p t  t h e  f r i c t i o n a l  r e s i s t a n c e  was s e t  

a t  t h r e e  k i l o p o n d s .

8 . At  t h e  c o m p l e t i o n  o f  t h e  f i r s t  t r i a l  t h e  h e a r t  

r a t e  was t a k e n  a g a i n .

9 .  The t a s k  was i n h e r e n t l y  f a t i g u i n g  and  t h e  s u b ­

j e c t s '  h e a r t  r a t e s  w e re  e l e v a t e d  t o  an  a v e r a g e  o f  160 b e a t s  

p e r  m i n u t e  a t  t h e  c o m p l e t i o n  o f  t h e  f i r s t  t r i a l .  The n o n ­

f a t i g u e  g r o u p  s u b j e c t s  r e s t e d  i n  a s i t t i n g  p o s i t i o n  u n t i l  

t h e  r e s t i n g  h e a r t  r a t e  was r e s t o r e d  b e f o r e  s t a r t i n g  t h e  

s e c o n d  t r i a l .

10 .  The m o d e r a t e  f a t i g u e  g r o u p  s u b j e c t s  r e s t e d  i n  a 

s t a n d i n g  p o s i t i o n  u n t i l  t h e  150 h e a r t  r a t e  c r i t e r i o n  was 

a t t a i n e d .  G e n e r a l l y ,  t h e  h e a r t  r a t e  l e v e l  was o n l y  e l e v a t e d  

a  few b e a t s  ab ov e  t h e  c r i t e r i o n  l e v e l  a t  t h e  end  o f  t h e  f i r s t  

t r i a l ,  and  t h e r e f o r e ,  t h e  h e a r t  r a t e  was m o n i t o r e d  c o n t i n ­

u o u s l y  u n t i l  t h e  h e a r t  r e t u r n e d  t o  t h e  150 b e a t  p e r  m i n u t e  

l e v e l .

1 1 .  The h e a v y  f a t i g u e  g r o u p  s u b j e c t s '  h e a r t  r a t e s  

w e re  m o n i t o r e d  a t  t h e  c o n c l u s i o n  o f  t h e  f i r s t  t r i a l ;  i f  t h e  

r a t e  was 180 b e a t s  p e r  m i n u t e  o r  h i g h e r  t h e  s e c o n d  t r i a l  

b e g a n  i m m e d i a t e l y .  I f  t h e  h e a r t  r a t e  was l o w e r  t h a n  180 

b e a t s  p e r  m i n u t e ,  t h e  s u b j e c t  r e s u m e d  t h e  e r g o m e t e r  work 

u n t i l  t h e  h e a r t  r a t e  was a g a i n  180 b e a t s  p e r  m i n u t e .  At 

t h i s  p o i n t  t h e  s e c o n d  t r i a l  b e g a n .
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DATA RECORDING PROCEDURES

1 .  The  s t u d y  was c o n d u c t e d  i n  t h r e e  t w o - w e e k  t e s t i n g  

p e r i o d s .  I n  o r d e r  t o  e l i m i n a t e  a n y  p o s s i b l e  b i a s ,  an e q u a l  

number  o f  s u b j e c t s  f r om  e a c h  l e a r n i n g  g r o u p  w e re  t e s t e d  

d u r i n g  e a c h  o f  t h e  t h r e e  t e s t i n g  p e r i o d s .

2 .  The s u b j e c t s  w e r e  r a n d o m l y  a s s i g n e d  t o  l e a r n i n g

g r o u p s .

3 .  S u b j e c t s  we re  d r o p p e d  f rom t h e  s t u d y  f o r  m i s s i n g  

a  s c h e d u l e d  l e a r n i n g  t r i a l  o r  m i s s i n g  a s c h e d u l e d  p e r f o r m a n c e  

t r i a l  w h i c h  was n o t  made up w i t h i n  t w e n t y - f o u r  h o u r s .

4 .  S u b j e c t s  w e re  r e q u i r e d  t o  a p p e a r  f o r  t e s t i n g  a t  

t h e  same t i m e  o f  da y  e a c h  day  w i t h i n  a m a r g i n  o f  one  h o u r .

5 .  The s u b j e c t s  we re  n o t  t o l d  t h e  e x a c t  n a t u r e  o f  

t h e  s t u d y ,  o n l y  t h a t  t h e y  w e re  t o  p e r f o r m  t o  t h e  b e s t  o f  

t h e i r  a b i l i t y  on  e a c h  t r i a l .

6 . A r e s t i n g  h e a r t  r a t e  and  f i n a l  e x e r c i s e  h e a r t  

r a t e  w e re  t a k e n  and r e c o r d e d  f o r  e a c h  s u b j e c t  a l l  s i x  d a y s .  

(Se e  A p p e n d i x  G)

7 .  D u r i n g  t h e  p e r f o r m a n c e  p h a s e  o f  t h e  s t u d y ,  t h e  

o r d e r  o f  t h e  f a t i g u e  c o n d i t i o n s  was c o u n t e r  b a l a n c e d  i n  

o r d e r  t o  r u l e  o u t  l e a r n i n g  o r  c o n d i t i o n i n g  g a i n s  w h i c h  m i g h t  

h a v e  a c c r u e d  f rom t h e  s e c o n d  week t r i a l s .  The c o u n t e r  

b a l a n c i n g  was a c c o m p l i s h . d  by a s s i g n i n g  a s i m i l a r  number  o f  

s u b j e c t s  f r om e a c h  l e a r n i n g  g r o u p  t o  s i x  s u b g r o u p s .  Each  

s u b g r o u p  p e r f o r m e d  f o l l o w i n g  a d i f f e r e n t  r o t a t i o n  o f  t h e  

f a t i g u e  c o n d i t i o n ^ .
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8 . The t a s k  s c o r e  was c o n s i d e r e d  t o  be  t h e  t i m e  

i n  s e c o n d s  w h i c h  was r e q u i r e d  t o  c o m p l e t e  t h e  t a s k .

PERFORMANCE PROCEDURES

1 .  The s t o p  w a t c h  was s t a r t e d  when t h e  s u b j e c t  

i n i t i a l l y  t o u c h e d  t h e  t e e  and v o l l e y b a l l .

2 .  The s u b j e c t  was a l l o w e d  t o  c a r r y  t h e  t e e  i n  

e i t h e r  h a n d ,  b u t  was r e q u i r e d  t o  g r i p  be lo w  t h e  m i d d l e  o f  

t h e  t e c .

3 .  The s u b j e c t  was i n s t r u c t e d  t o  "move a s  f a s t  a s  

you  c a n "  i n  o r d e r  t o  g e t  f rom one  s t a t i o n  t o  t h e  n e x t .

4 .  I f  t h e  b a l l  was d r o p p e d  f rom t h e  t e e ,  o r  i n  

t h e  j u d g e m e n t  o f  t h e  e x p e r i m e n t e r ,  t h e  s u b j e c t  d i d  n o t  ha v e  

c o m p l e t e  c o n t r o l  o f  t h e  b a l l ,  t h e  s u b j e c t  r e t u r n e d  t o  t h e  

b e g i n n i n g  o f  t h e  zon e  t h r o u g h  w h i c h  he was p a s s i n g  b e f o r e  

c o n t i n u i n g .

5 .  Bo t h  t h e  s u b j e c t  and t h e  e x p e r i m e n t e r  c o u n t e d  

t h e  k i c k i n g  and  p i t c h i n g  a t t e m p t s  a s  w e l l  a s  t h e  number  o f  

c i r c u i t s  d u r i n g  t h e  t r i a l .

6 . The s u b j e c t  was made a w a r e  o f  t h e  t r i a l  s c o r e  

a n d  e n c o u r a g e d  t o  s t r i v e  t o  b e a t  t h a t  s c o f e  on t h e  n e x t  

t r i a l .

7 .  The s u b j e c t  was r e q u i r e d  t o  w e a r  t e n n i s  s h o e s  

and  t o  d r e s s  i n  gym a p p a r e l .
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ANALYSIS OF THE DATA

The d a t a  g a t h e r e d  on e a c h  o f  t h e  e i g h t y - o n e  s u b j e c t s  

c o n s i s t e d  o f  t h e  s i x  p r a c t i c e  t r i a l  s c o r e s ,  a l l  o b t a i n e d  

w h i l e  t h e  s u b j e c t  was u n d e r  one  s p e c i f i c  c o n d i t i o n  o f  

p h y s i c a l  f a t i g u e ,  and t h r e e  mean p e r f o r m a n c e  t r i a l  s c o r e s ,  

one  u n d e r  e a c h  o f  t h e  p h y s i c a l  f a t i g u e  c o n d i t i o n s .

The p r i m a r y  p r o b l e m  o f  t h e  s t u d y  was t o  d e t e r m i n e  

i f  p r a c t i c i n g  a  n o v e l  g r o s s  m o to r  t a s k  u n d e r  a s p e c i f i c  

l e v e l  o f  p h y s i c a l  f a t i g u e  i n f l u e n c e d  t h e  s u b s e q u e n t  p e r f o r ­

mance o f  t h a t  t a s k  when p e r f o r m e d  u n d e r  d i f f e r i n g  c o n d i t i o n s  

o f  p h y s i c a l  f a t i g u e .  The p r o b l e m  was f u r t h e r  d e f i n e d  by 

h y p o t h e s i s  o n e .  A n o v e l  g r o s s  m o t o r  t a s k  p r a c t i c e d  u n d e r  a 

s p e c i f i c  l e v e l  o f  p h y s i c a l  f a t i g u e ,  would  s u b s e q u e n t l y  be 

p e r f o r m e d  b e s t  u n d e r  t h a t  same l e v e l  o f  p h y s i c a l  f a t i g u e .

To t e s t  t h i s  h y p o t h e s i s ,  t h e  t h r e e  p e r f o r m a n c e  p h a s e  s c o r e s  

o f  t h e  t h r e e  l e a r n i n g  g r o u p  s u b j e c t s  we re  c om pa r ed  u s i n g  a 

t h r e e  by t h r e e  s p l i t  p l o t  a n a l y s i s  o f  v a r i a n c e . *

The s e c o n d  p r o b l e m  was t o  d e t e r m i n e  i f  d i f f e r e n t  

l e v e l s  o f  p h y s i c a l  f a t i g u e  i n t r o d u c e d  p r i o r  t o  p r a c t i c i n g  

a  n o v e l  g r o s s  m o t o r  t a s k  i n f l u e n c e d  t h e  l e a r n i n g  r e s u l t i n g  

f rom t h a t  p r a c t i c e .  H y p o t h e s e s  two and  t h r e e  a r e  r e l a t e d  

t o  t h i s  p r o b l e m .  H y p o t h e s i s  two s t a t e d  t h a t  m o t o r  l e a r n i n g

^George  W. S n e d e c o r ,  S t a t i s t i c a l  Me thods  (Ames,  
Iowa:  Iowa S t a t e  U n i v e r s i t y  P r e s s , 1 9 5 6 ) ~ pT T5t>.
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woul d  r e s u l t  f rom p r a c t i c e  r e g a r d l e s s  o f  t h e  f a t i g u e d  

c o n d i t i o n  o f  t h e  l e a r n e r  and  h y p o t h e s i s  t h r e e  s t a t e d  t h a t  

t h e  g r e a t e r  t h e  p h y s i c a l  f a t i g u e  c o n d i t i o n  o f  t h e  l e a r n e r  

d u r i n g  p r a c t i c e  t h e  l e s s  t h e  l e a r n i n g  t h a t  wou l d  r e s u l t  

f rom t h a t  p r a c t i c e .  To t e s t  t h e s e  h y p o t h e s e s  t h e  s i x  l e a r n ­

i n g  p h a s e  s c o r e s  w e re  co m pa re d  u s i n g  a t h r e e  by s i x  s p l i t  

p l o t  a n a l y s i s  o f  v a r i a n c e . ^

2 I b i d .



CHAPTER IV

PRESENTATION AND ANALYSIS OF DATA 

INTRODUCTION

The d a t a  f o r  t h i s  s t u d y  we re  c o l l e c t e d  i n  two 

p h a s e s ,  a l e a r n i n g  p h a s e  and  a p e r f o r m a n c e  p h a s e .  The 

l e a r n i n g  p h a s e  d a t a  c o n s i s t e d  o f  s i x  p r a c t i c e  t r i a l  s c o r e s  

o b t a i n e d  f rom e i g h t y - o n e  s u b j e c t s  a s s i g n e d  t o  one  o f  t h r e e  

g r o u p s  (n * 2 7 ) .  Each  g ro up  p r a c t i c e d  t h e  l e a r n i n g  t a s k  

u n d e r  a d i f f e r e n t  p h y s i c a l  f a t i g u e  c o n d i t i o n ,  i . e .  h e avy  

f a t i g u e ,  m o d e r a t e  f a t i g u e  o r  n o n f a t i g u e .  The p e r f o r m a n c e  

p h a s e  d a t a  c o n s i s t e d  o f  t h r e e  p e r f o r m a n c e  t r i a l  s c o r e s  f o r  

e a c h  o f  t h e  e i g h t y - o n e  s u b j e c t s ;  one  u n d e r  e a c h  o f  t h e  t h r e e  

p h y s i c a l  f a t i g u e  c o n d i t i o n s .  The s c o r e s  a r e  f ou nd  i n  

A p e n d i x e s  B t h r o u g h  D.

An a n a l y s i s  o f  v a r i a n c e  u s i n g  a t h r e e  by t h r e e  s p l i t  

p l o t  d e s i g n  was u t i l i z e d  f o r  t h e  p e r f o r m a n c e  p h a s e  s c o r e s .  

T h i s  s t a t i s t i c a l  d e s i g n  f i r s t  d e t e r m i n e d  i f  s i g n i f i c a n t  

d i f f e r e n c e s  e x i s t e d  among t h e  l e a r n i n g  g r o u p s  i n  mean p e r ­

f o r m a n c e  u n d e r  t h e  t h r e e  f a t i g u e  c o n d i t i o n s .  S e c o n d l y ,  t h e  

d e s i g n  d e t e r m i n e d  i f  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  among 

t h e  t h r e e  p e r f o r m a n c e  f a t i g u e  c o n d i t i o n s ,  t h a t  i s ,  t h e  mean 

p e r f o r m a n c e  o f  a l l  e i g h t y - o n e  s u b j e c t s  u n d e r  h e a v y ,  m o d e r a t e  

and n o n f a t i g u e  c o n d i t i o n s .  The d e s i g n  a l s o  i n d i c a t e d  i f  

t h e r e  was an i n t e r a c t i o n  e f f e c t  b e t w e e n  l e a r n i n g  and

47
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p e r f o r m a n c e  c o n d i t i o n s .

An a n a l y s i s  o f  v a r i a n c e  u s i n g  a t h r e e  by s i x  s p l i t  

p l o t  d e s i g n  was em p l oy ed  f o r  t h e  l e a r n i n g  p h a s e  s c o r e s .

T h i s  s t a t i s t i c a l  d e s i g n  was u s e d  t o  compa re  s c o r e s  o f  t h e  

l e a r n i n g  g r o u p s ,  t h e  p r a c t i c e  t r i a l s ,  and  t h e  i n t e r a c t i o n  

e f f e c t  b e t w e e n  g r o u p s  and  t r i a l s .

ANALYSIS OF THE PERFORMANCE 
PHASE DATA

T a b l e  I p r e s e n t s  a  summary o f  t h e  a n a l y s i s  o f  

v a r i a n c e  o f  t h e  p e r f o r m a n c e  p h a s e  s c o r e s .  The F - t e s t  t o  

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

mean p e r f o r m a n c e  u n d e r  a l l  t h e  p h y s i c a l  f a t i g u e  c o n d i t i o n s  

was n o t  s i g n i f i c a n t .  T h i s  c o m p a r i s o n  i n d i c a t e d  t h a t  when a 

l e a r n i n g  g r o u p ' s  t o t a l  p e r f o r m a n c e  u n d e r  a l l  f a t i g u e  c o n ­

d i t i o n s  was co mp u t ed  a s  one  mean o r  a v e r a g e  s c o r e ,  t h e  

a v e r a g e  p e r f o r m a n c e s  by l e a r n i n g  g r o u p s  we re  n o t  s i g n i f i ­

c a n t l y  d i f f e r e n t .  T a b l e  2 shows t h e  l e a r n i n g  g r o u p s  s c o r e s  

u n d e r  e a c h  f a t i g u e  c o n d i t i o n  i n  r ows  and  t h e  p e r f o r m a n c e  

c o n d i t i o n  s c o r e s  by l e a r n i n g  g r o u p  i n  c o l u m n s .  The a v e r a g e  

l e a r n i n g  and  p e r f o r m a n c e  e f f e c t s ,  d e f i n e d  a s  t h e  d i f f e r e n c e  

b e tw e e n  e a c h  row o r  co lumn  mean and  t h e  g r a n d  mean,  a r e  a l s o  

shown.

The F - t e s t  t o  d e t e r m i n e  t h e  s i g n i f i c a n c e  o f  t h e  

d i f f e r e n c e s  i n  t h e  p e r f o r m a n c e  c o n d i t i o n s  was s i g n i f i c a n t ,

(F * 4 . 3 5  P ^ . 0 5 ) .  T h i s  s i g n i f i c a n t  r e s u l t  i n d i c a t e d  t h a t

when t h e  t o t a l  p e r f o r m a n c e  f o r  t h e  t h r e e  f a t i g u e  c o n d i t i o n s



T a b l e  1

A n a l y s i s  o f  V a r i a n c e  o f  t h e  P e r f o r m a n c e  Ph a se  S c o r e s  
o f  E i g h t y - o n e  S u b j e c t s  P e r f o r m i n g  Under  

T h r e e  P h y s i c a l  F a t i g u e  C o n d i t i o n s

S o u r c e  o f  
V a r i a t i o n

D e g re e s  o f  
Freedom

Sum o f  
S q u a r e s

Mean
Sq u a r e F P

L e a r n i n g  Groups 2 18071 .61 9 0 3 5 . 8 1 .84 N. S .

Subj  e c t s / G r o u p 78 8 3 5 0 6 4 .9 6 1 0 7 05 .9 6

P e r f o r m a n c e  C o n d i t i o n s 2 8 7 67 .3 4 4 3 8 3 . 6 7 4 . 3 5 .05

L e a r n i n g  Group

P e r f o r m a n c e  C o n d i t i o n 4 107 8 5 .9 9 269 6 .50 2 . 6 7 .05

R e s i d u a l 156 1 5 7 3 6 7 .3 3 1 0 0 8 .7 7

C o r r e c t e d  T o t a l 242
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T a b l e  2

Mean P e r f o r m a n c e  S c o r e s  o f  L i g h t y - o n e  S u b j e c t s  P e r f o r m i n g  
Unde r  T h r e e  C o n d i t i o n s  o f  P h y s i c a l  f a t i g u e  Showing 

A v e r a g e  L e a r n i n g  L f f e c t s  and  
P e r f o r m a n c e  L f f e c t s

P e r f . 
H

P e r f .
M

P e r f
N

Row 
Me ans

Av e r ag e  
L e a r n i n g  

L f f e e t

L e a r n i n g
H 190 183 199 191 - 1 2

L e a r n i n g
M 225 193 203 207 4

L e a r n i n g
N 217

!1
2 1 1 2 0 2

i
2 1 1 8

Column
Means 2 1 1 196 2 0 2

Grand Mean 203

Av e r ag e  P e r f .  
L f f e e t 8 -7 - 1

Tas k S c o r e  i n Se c on d s

ii « 
M ■ 
N *

Heavy F a t i g u e  
M o d e r a t e  F a t i g u e  
Non f a t i g u e
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w e re  c o m p a r e d ,  t h e y  we re  f o u n d  t o  d i f f e r  s i g n i f i c a n t l y .

I t  was f ou n d  t h a t  p e r f o r m a n c e  u n d e r  m o d e r a t e  f a t i g u e  c o n d i ­

t i o n s  was s i g n i f i c a n t l y  s u p e r i o r  t o  p e r f o r m a n c e  u n d e r  h e a v y  

f a t i g u e  c o n d i t i o n s  a s  i n d i c a t e d  by T a b l e  3 .

The t h i r d  F - t e s t  f o r  t h e  i n t e r a c t i o n  b e t w e e n  l e a r n i n g  

c o n d i t i o n  a nd  p e r f o r m a n c e  c o n d i t i o n  was s i g n i f i c a n t  a t  t h e  

.05  l e v e l  o f  c o n f i d e n c e .  T h i s  i n d i c a t e d  t h a t  t h e  c o m b i ne d  

e f f e c t s  o f  l e a r n i n g  c o n d i t i o n s  an d  p e r f o r m a n c e  c o n d i t i o n s  

r e s u l t e d  i n  s i g n i f i c a n t  d i f f e r e n c e s  i n  mean g r o u p  p e r f o r ­

m an c es .  The i n t e r a c t i o n  e f f e c t  was e x a m in e d  by f i n d i n g  t h e  

d i f f e r e n c e  b e t w e e n  t h e  g r a n d  mean and  t h e  mean p e r f o r m a n c e  

s c o r e s  by l e a r n i n g  g r o u p s  ( a v e r a g e  l e a r n i n g  e f f e c t ) . S e c ­

o n d l y ,  t h e  d i f f e r e n c e  b e t w e e n  t h e  g r a n d  mean and  t h e  mean 

p e r f o r m a n c e  s c o r e s  by p e r f o r m a n c e  c o n d i t i o n  ( a v e r a g e  

p e r f o r m a n c e  e f f e c t )  was f o u n d .  (See  T a b l e  2 ,  Page  50) The 

a v e r a g e  l e a r n i n g  e f f e c t  and  a v e r a g e  p e r f o r m a n c e  e f f e c t  we re  

combined  and  t h e  sum o f  t h e  two e f f e c t s  we r e  e i t h e r  a d de d  t o  

o r  s u b t r a c t e d  f rom e a c h  l e a r n i n g  g r o u p ' s  p e r f o r m a n c e  s c o r e s .  

T a b l e  4 p r e s e n t s  t h e  mean p e r f o r m a n c e  s c o r e s  f o r  t h e  t h r e e  

l e a r n i n g  g r o u p s  p e r f o r m i n g  u n d e r  t h e  t h r e e  f a t i g u e  c o n d i t i o n s  

a d j u s t e d  f o r  l e a r n i n g  and  p e r f o r m a n c e  e f f e c t s .  Keep in g  i n  

mind  t h a t  t h e  s m a l l e r  s c o r e s  a r e  t h e  b e t t e r  s c o r e s ,  i t  c a n  

be s e e n  i n  T a b l e  4 t h a t  t h e  h e av y  f a t i g u e  l e a r n i n g  g r o u p  

p e r f o r m e d  b e s t  u n d e r  t h e  h e a v y  f a t i g u e  p e r f o r m a n c e  c o n d i t i o n ;  

t h e  m o d e r a t e  f a t i g u e  l e a r n i n g  g r o u p  p e r f o r m e d  b e s t  u n d e r  t h e  

m o d e r a t e  f a t i g u e  p e r f o r m a n c e  c o n d i t i o n ;  and t h e  n o n f a t i g u e



T a b l e  3

O r t h o g o n a l  C o m p a r i so n s  I n d i c a t i n g  t h e  S i g n i f i c a n c e  o f  t h e  D i f f e r e n c e
Among F a t i g u e  L e a r n i n g  Groups  Unde r  

T h r e e  P e r f o r m a n c e  C o n d i t i o n s

S o u r c e  o f  
V a r i a t i o n

D e g re e s  o f  
Freedom

Sum o f  
S q u a r e s

Mean
S q u a r e F P

P e r f o r m a n c e  Group ( 2 ) ( 8 7 6 7 . 3 4 )

i ieavy v e r s u s  M o d e ra t e 1 8 7 0 2 .3 2 87 0 2 . 3 2 8 . 6 9 . 0 1

R e s i d u a l  V a r i a n c e 1 6 5 . 0 2 6 5 . 0 2 .064 N.S.

R e s i d u a l 156 1 5 7 36 7 .3 3 1 0 0 8 . 7 7

tn
K>



53

T a b l e  4

A d j u s t e d  Mean P e r f o r m a n c e  S c o r e s  o f  F i g h t y - o n e  S u b j e c t s  
From T h r e e  L e a r n i n g  Groups  P e r f o r m i n g  Under  

T h r e e  P h y s i c a l  F a t i g u e  C o n d i t i o n s

P e r f .  11 P e r f .  M P e r f . N
Row

T o t a l s

L e a r n i n g
11 194

1ii
2 0 2 2 1 2

1
t
!

608

L e a r n i n g
M 213 196 2 0 0

»

!

'

609

L e a r n i n g
N 2 0 1 2 1 0  ; 

.................  1
195 606

Column
T o t a l s 60 8 608 607

Grand
Mean 203
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l e a r n i n g  g ro up  p e r f o r m e d  b e s t  u n d e r  t h e  n o n f a t i g u e  p e r f o r ­

mance c o n d i t i o n .  T h i s  f i n d i n g  s u b s t a n t i a t e d  h y p o t h e s i s  1.

ANALYSIS OF TUli LEARNING PHASE DATA

The l e a r n i n g  p h a s e  d a t a  c o n s i s t e d  o f  s i x  p r a c t i c e  

t r i a l  s c o r e s  o b t a i n e d  f rom e i g h t y - o n e  s u b j e c t s  d i v i d e d  i n t o  

t h r e e  g r o u p s  (n = 2 7 ) .  Each  g r o u p  p r a c t i c e d  u n d e r  a d i f f e r ­

e n t  f a t i g u e  c o n d i t i o n ;  h e a v y  f a t i g u e ,  m o d e r a t e  f a t i g u e  o r  

n o n f a t i g u e .

T a b l e  5 p r e s e n t s  a summary o f  t h e  a n a l y s i s  o f  

v a r i a n c e  o f  t h e  l e a r n i n g  p h a s e  d a t a .

The F - t e s t  t o  d e t e r m i n e  s i g n i f i c a n t  d i f f e r e n c e s  

among t h e  l e a r n i n g  g r o u p s  was n o t  s i g n i f i c a n t ,  i n d i c a t i n g  

t h a t  t h e  p h y s i c a l  f a t i g u e  c o n d i t i o n s  i n t r o d u c e d  p r i o r  t o  

p r a c t i c e  d i d  n o t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  l e a r n i n g  o f  

t h e  c r i t e r i o n  t a s k .

The F - t e s t  t o  d e t e r m i n e  s i g n i f i c a n t  d i f f e r e n c e s  

among p r a c t i c e  t r i a l s ,  was s i g n i f i c a n t  a t  t h e  . 0 1  l e v e l  o f  

c o n f i d e n c e  (F = 9 0 . 3 9  P < . 0 1 ) .  The d i f f e r e n c e s  i n  t h e  mean 

p r a c t i c e  t r i a l  s c o r e s  we re  a t t r i b u t e d  t o  l e a r n i n g  s i n c e  t h e  

d i r e c t i o n  o r  t h e  d i f f e r e n c e s  was t o w a r d  im p r o v e d  p e r f o r m a n c e  

a s  i l l u s t r a t e d  by F i g u r e  5.

The F - t e s t  o f  t h e  i n t e r a c t i o n  o f  t r i a l s  and  g r o u p s  

( f a t i g u e  c o n d i t i o n )  was n o t  s i g n i f i c a n t ,  i n d i c a t i n g  t h a t  t h e  

t h r e e  l e a r n i n g  g r o u p s  t e n d e d  t o  p a r a l l e l  e a c h  o t h e r  i n  l e a r n ­

i ng  r a t e  a s  d e p i c t e d  i n  F i g u r e  6 .



T a b l e  5

A n a l y s i s  o f  V a r i a n c e  o f  L e a r n i n g  P h a s e  Da t a  o f  T h r e e  Groups  Of 
C o l l e g e  Men (n ® 81)  P r a c t i c i n g  A Motor  L e a r n i n g  T as k  

Under  T h r e e  C o n d i t i o n s  o f  P h y s i c a l  F a t i g u e

S o u r c e  o f  
V a r i a t i o n

D e g r e e s  o f  
Freedom

Sum o f  
S q u a r e s

Mean
S q u a r e F P

L e a r n i n g  Group 2 4 2 6 9 2 .1 5 21346 .07 .67 N. S .

S u b j e c t / G r o u p 78 2 46 5 988 .7 8 3 1 6 1 5 . 2 4

T r i a l s 5 1 2 36 1 16 .7 5 24 7 22 3 .3 5 9 0 . 3 9 . 0 1

G r o u p s / T r i a l s 1 0 33 6 4 7 . 4 5 336 4 .74

R e s i d u a l 390 1 0 6 2 1 8 5 .9 6 2 7 2 3 .5 5 1 . 8 5 N . S .

C o r r e c t e d  T o t a l  485

in
in
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375 

350 

325

Mean
T r i a l  300
S c o r e s  

i n
S e c .  275

250 

225 

200

1 2 3 4 5 6

T r i a l s

F i g u r e  5

Mean P r a c t i c e  T r i a l s  Fo r  E i g h t y - o n e  
S u b j e c t s  P l o t t e d  by T r i a l s



Mean 
T r i a l  
S c o r e s  

i n  
S e c .

400

380

360

340

320

300

280

260 • \

240

220

200

1 2 43 5 6

T r i a l s

L e a r n i n g  Group H 
L e a r n i n g  Group M : 
L e a r n i n g  Group i\ ■

F i g u r e  6

Mean P r a c t i c e  T r i a l  S c o r e s  P l o t t e d  For  
Lach Group by T r i a l
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DISCUSSION OF ANALYSIS

T h r e e  h y p o t h e s e s  w e re  t e s t e d  f rom t h e  d a t a  g a t h e r e d  

i n  t h i s  s t u d y .  H y p o t h e s i s  1 p o s t u l a t e d  t h a t  a n o v e l  g r o s s  

m o t o r  t a s k  p r a c t i c e d  u n d e r  a s p e c i f i c  l e v e l  o f  p h y s i c a l  

f a t i g u e  wo u ld  s u b s e q u e n t l y  be  p e r f o r m e d  b e s t  u n d e r  t h a t  same 

l e v e l  o f  p h y s i c a l  f a t i g u e .  T h i s  h y p o t h e s i s  was s u b s t a n t i a t e d  

by t h e  s i g n i f i c a n t  i n t e r a c t i o n  e f f e c t  o b t a i n e d  f rom t h e  

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

was shown by t h e  a d j u s t e d  c e l l  s c o r e s  i n  T a b l e  4 .  I t  was 

f o u n d  t h a t  Group H p e r f o r m e d  b e s t  u n d e r  C o n d i t i o n  II, Group M 

p e r f o r m e d  b e s t  u n d e r  C o n d i t i o n  M and  Group N p e r f o r m e d  b e s t  

u n d e r  C o n d i t i o n  N.

H y p o t h e s i s  2 p o s t u l a t e d  t h a t  m o t o r  l e a r n i n g  wou ld  

r e s u l t  f r om p r a c t i c e  r e g a r d l e s s  o f  t h e  l e v e l  o f  f a t i g u e  o f  

t h e  l e a r n e r .  The a n a l y s i s  r e v e a l e d  t h a t  a l l  t h e  g r o u p s  

l e a r n e d  a t  a p p r o x i m a t e l y  t h e  same r a t e  a s  i n d i c a t e d  by 

F i g u r e  6 , i n  s p i t e  o f  t h e  imposed  f a t i g u e .

In  h y p o t h e s i s  3 i t  was s t a t e d  t h a t  h i g h e r  l e v e l s  o f  

p h y s i c a l  f a t i g u e  wou ld  h a v e  a more a d v e r s e  e f f e c t  on m o t o r  

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

t o  f i n d  p h y s i c a l  f a t i g u e  a s i g n i f i c a n t  l e a r n i n g  v a r i a b l e  

r e f u t e d  h y p o t h e s i s  3.

I t  h a s  b e e n  g e n e r a l l y  a c c e p t e d  t h a t  p h y s i c a l  f a t i g u e  

h a s  a d e t r i m e n t a l  e f f e c t  upon p e r f o r m a n c e  o f  m o t o r  t a s k s .

The a n a l y s i s  o f  t h e  p e r f o r m a n c e  d a t a  r e v e a l e d  a s i g n i f i c a n t l y
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p o o r e r  mean s c o r e  f o r  p e r f o r m a n c e  by t h e  e i g h t y - o n e  s u b j e c t s  

u n d e r  h e a v y  f a t i g u e  t h a n  u n d e r  m o d e r a t e  f a t i g u e .  The s u p e ­

r i o r  m o d e r a t e  f a t i g u e  p e r f o r m a n c e  may p o s s i b l y  be a t t r i b u t e d  

t o  a warmup e f f e c t .

A n a l y s i s  o f  t h e  mean p e r f o r m a n c e  s c o r e s  among t h e  

l e a r n i n g  g r o u p s  d i d  n o t  d i s c l o s e  any  s i g n i f i c a n t  d i f f e r e n c e s .  

A n a l y s i s  o f  t h e  l e a r n i n g  p h a s e  d a t a  r e v e a l e d  t h a t  t h e  l e a r n ­

i n g  g r o u p s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  The mean l e a r n i n g  

t r i a l  s c o r e s  p r o v e d  t o  be s i g n i f i c a n t l y  d i f f e r e n t ;  t h e  

d i f f e r e n c e s  b e i n g  a t t r i b u t e d  t o  l e a r n i n g .  The mean s c o r e  

f o r  l e a r n i n g  t r i a l  one  was 371 s e c o n d s .  The s i x t h  o r  f i n a l  

mean l e a r n i n g  t r i a l  s c o r e  was 2 2 0  s e c o n d s ,  t h e  d i f f e r e n c e  

b e t w e e n  t h e  two b e i n g  151 s e c o n d s .  Of t h e  151 s e c o n d s  

d i f f e r e n c e ,  e i g h t y - f i v e  s e c o n d s  came f rom t h e  d i f f e r e n c e  

b e t w e e n  t r i a l s  one  and t w o .  I t  may be s e e n  t h a t  mos t  o f  t h e  

l e a r n i n g  t o o k  p l a c e  d u r i n g  t h e  e a r l y  t r i a l s .

I n  summary,  t h e  p h y s i c a l  f a t i g u e  i n t r o d u c e d  p r i o r  

t o  p r a c t i c i n g  a s p e c i f i c  n o v e l  g r o s s  m o t o r  t a s k  d i d  n o t  

s i g n i f i c a n t l y  i n f l u e n c e  l e a r n i n g  r e s u l t i n g  f rom t h a t  p r a c t i c e  

b u t  s u b s e q u e n t  p e r f o r m a n c e  o f  t h e  t a s k  u n d e r  a l l  t h e  f a t i g u e  

c o n d i t i o n s  r e s u l t e d  i n  s i g n i f i c a n t l y  b e t t e r  p e r f o r m a n c e  u n ­

d e r  t h e  same f a t i g u e  c o n d i t i o n  i n  w h i ch  t h e  t a s k  was 

i n i t i a l l y  l e a r n e d .



CHAPTER V

SUMMARY, FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

SUMMARY

The p r o b l e m s  o f  t h i s  s t u d y  w e r e  1) t o  d e t e r m i n e  i f  

p r a c t i c i n g  a n o v e l  g r o s s  m o t o r  t a s k  u n d e r  a s p e c i f i c  l e v e l  

o f  p h y s i c a l  f a t i g u e  i n f l u e n c e d  t h e  s u b s e q u e n t  p e r f o r m a n c e  

o f  t h a t  t a s k  when p e r f o r m e d  u n d e r  d i f f e r i n g  l e v e l s  o f  

p h y s i c a l  f a t i g u e ,  and  2 ) t o  d e t e r m i n e  i f  d i f f e r e n t  l e v e l s  o f  

p h y s i c a l  f a t i g u e  i n t r o d u c e d  p r i o r  t o  p r a c t i c i n g  a n o v e l  

g r o s s  m o t o r  t a s k ,  i n f l u e n c e d  t h e  l e a r n i n g  r e s u l t i n g  f rom 

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

E i g h t y - o n e  male  c o l l e g e  s t u d e n t s ,  r a n d o m l y  a s s i g n e d  

t o  t h r e e  g r o u p s  (n = 2 7 ) ,  p r a c t i c e d  and  l a t e r  p e r f o r m e d  a 

n o v e l  g r o s s  m o t o r  t a s k  u n d e r  e i t h e r  h e a v y ,  m o d e r a t e  o r  n o n ­

f a t i g u e  c o n d i t i o n s .

The c r i t e r i a  f o r  t h e  f a t i g u e  c o n d i t i o n s  w e re  e x e r c i s e  

h e a r t  r a t e  l e v e l s .  The f a t i g u e  was i n d u c e d  t h r o u g h  work 

b o u t s  on a b i c y c l e  e r g o m e t e r  i m m e d i a t e l y  p r e c e d i n g  t h e  t r i a l .  

The  m o d e r a t e  f a t i g u e  c r i t e r i o n  was 150 b e a t s  p e r  m i n u t e  

o b t a i n e d  a f t e r  a work b o u t  o f  a p p r o x i m a t e l y  f i v e  m i n u t e s .

The h e a v y  f a t i g u e  c r i t e r i o n  was 180 b e a t s  p e r  m i n u t e  o b t a i n e d  

a f t e r  a work  b o u t  o f  f i v e  t o  s i x  m i n u t e s .  The n o n f a t i g u e  

s u b j e c t s  p e r f o r m e d  a t  r e s t i n g  h e a r t  r a t e  l e v e l s .

The  t a s k  c o n s i s t e d  o f  r u n n i n g  a t r i a n g u l a r  c o u r s e

60
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w h i l e  b a l a n c i n g  a v o l l e y b a l l  on an  e i g h t  i n c h  t e e  ( b a d ­

m i n t o n  s h u t t l e c o c k  c o n t a i n e r ) . The c o u r s e  was l a i d  o u t  on 

on e  end  o f  a b a s k e t b a l l  c o u r t  w i t h  e a c h  l e g  o f  t h e  t r i a n g l e  

b e i n g  f o r t y - f i v e  f e e t  i n  l e n g t h .  Two p e r f o r m a n c e  s t a t i o n s  

we re  l o c a t e d  a t  t h e  c o r n e r s  o f  t h e  t r i a n g l e .  At  t h e  f i r s t  

s t a t i o n  t h e  s u b j e c t  a t t e m p t e d  t o  k i c k  t h e  b a l l  f r om  t h e  t e e  

i n t o  a b a s k e t b a l l  g o a l  p l a c e d  two f e e t  a b o v e  t h e  f l o o r .  At 

t h e  s e c o n d  s t a t i o n  t h e  b a l l  was p i t c h e d  a g a i n s t  a s t a n d a r d  

b a s k e t b a l l  g o a l  and t h e  s u b j e c t  a t t e m p t e d  t o  c a t c h  t h e  r e ­

b o u n d i n g  b a l l  on t h e  t e e . '  One t r i a l  c o n s i s t e d  o f  c o m p l e t i n g  

f i v e  c i r c u i t s  a r o u n d  t h e  c o u r . '  , The s c o r e  was t h e  number  

o f  s e c o n d s  r e q u i r e d  t o  c o m p l e t e  t h e  t r i a l .  Lach  s u b j e c t  

p r a c t i c e d  t h e  l e a r n i n g  t a s k  s i x  t im e s  u n d e r  one  o f  t h e  t h r e e  

l e v e l s  o f  p h y s i c a l  f a t i g u e .  F o l l o w i n g  t h e  l e a r n i n g  p h a s e ,  

t h e  s u b j e c t s  p e r f o r m e d  t h e  t a s k  u n d e r  a l l  t h e  p h y s i c a l  

f a t i g u e  c o n d i t i o n s .  T h i s  p a r t  o f  t h e  s t u d y  was c a l l e d  t h e  

p e r f o r m a n c e  p h a s e .

The s t u d y  was c o n d u c t e d  d u r i n g  t h e  summer an d  f a l l  

s e m e s t e r s  o f  1971 a t  T u l a n e  U n i v e r s i t y  i n  New O r l e a n s ,  

L o u i s i a n a .

The l e a r n i n g  p h a s e  d a t a  c o n s i s t e d  o f  t h e  s i x  

p r a c t i c e  t r i a l  s c o r e s  o f  t h e  e i g h t y - o n e  s u b j e c t s  a n a l y z e d  

by g r o u p .  A t h r e e  by s i x  s p l i t  p l o t  a n a l y s i s  o f  v a r i a n c e  

d e s i g n  was u s e d  t o  a n a l y z e  t h e  l e a r n i n g  d a t a .  The p e r f o r ­

mance p h a s e  d a t a  c o n s i s t e d  o f  a p e r f o r m a n c e  s c o r e  f o r  e a c h  

o f  t h e  e i g h t y - o n e  s u b j e c t s  u n d e r  e a c h  o f  t h e  p h y s i c a l
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f a t i g u e  c o n d i t i o n s .  A t h r e e  by t h r e e  s p l i t  p l o t  a n a l y s i s  

o f  v a r i a n c e  was u s e d  t o  a n a l y z e  t h e  p e r f o r m a n c e  p h a s e  d a t a .

The h y p o t h e s e s  t e s t e d  i n  t h i s  s t u d y  w e r e :

1 .  A n o v e l  g r o s s  m o t o r  t a s k  p r a c t i c e d  u n d e r  a 

s p e c i f i c  l e v e l  o f  p h y s i c a l  f a t i g u e  would  s u b s e q u e n t l y  be  

p e r f o r m e d  b e s t  u n d e r  t h a t  same l e v e l  o f  p h y s i c a l  f a t i g u e .

2 .  Motor  l e a r n i n g  wou l d  r e s u l t  f r om p r a c t i c i n g  

t h e  l e a r n i n g  t a s k  r e g a r d l e s s  o f  t h e  f a t i g u e d  c o n d i t i o n  o f  

t h e  l e a r n e r .

3 .  H i g h e r  l e v e l s  o f  p h y s i c a l  f a t i g u e  wou ld  have  

a  more a d v e r s e  e f f e c t  on m o t o r  l e a r n i n g  t h a n  l o w e r  l e v e l s  

o f  p h y s i c a l  f a t i g u e .

FINDINGS

The f i n d i n g s  o f  t h i s  s t u d y  we re  a s  f o l l o w s :

1 .  The l e a r n i n g  g r o u p s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  

when t o t a l  p e r f o r m a n c e  mean s c o r e s  we re  c o m p a r e d .

2 .  P e r f o r m a n c e  u n d e r  m o d e r a t e  f a t i g u e  c o n d i t i o n s  

was s i g n i f i c a n t l y  b e t t e r  t h a n  p e r f o r m a n c e  u n d e r  h e a v y  f a t i g u e  

c o n d i t i o n s .

3 .  A s i g n i f i c a n t  i n t e r a c t i o n  f o u n d  i n  t h e  p e r f o r m a n c e  

a n a l y s i s  i n d i c a t e d  t h a t  l e a r n i n g  u n d e r  a s p e c i f i c  c o n d i t i o n

o f  f a t i g u e  r e s u l t e d  i n  s u p e r i o r  s u b s e q u e n t  p e r f o r m a n c e  u n d e r  

t h a t  same c o n d i t i o n  o f  f a t i g u e .

4 .  No s i g n i f i c a n t  d i f f e r e n c e s  we re  f o u n d  among t h e  

l e a r n i n g  g r o u p s  i n  t h e  r a t e  o f  l e a r n i n g  w h i c h  r e s u l t e d  f rom 

p r a c t i c i n g  u n d e r  d i f f e r e n t  l e v e l s  o f  p h y s i c a l  f a t i g u e .
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5 .  The l e a r n i n g  t r i a l s  d i f f e r e d  s i g n i f i c a n t l y  

i n d i c a t i n g  t h a t  l e a r n i n g  o c c u r r e d .

6 . The i n t e r a c t i o n  e f f e c t  o f  t r i a l s  and  g r o u p s  

( f a t i g u e  c o n d i t i o n )  was n o t  s i g n i f i c a n t .

CONCLUSIONS

The f i n d i n g s  f rom t h e  d a t a  p r o v i d e d  by t h i s  s t u d y  

w a r r a n t e d  t h e  f o l l o w i n g  c o n c l u s i o n s :

1 .  The s p e c i f i c i t y  o f  p r a c t i c e  and p e r f o r m a n c e  

c o n d i t i o n s  f ou n d  i n  t h i s  s t u d y  i n d i c a t e d  t h a t  v i g o r o u s  

s p o r t s  s h o u l d  be p r a c t i c e d  u n d e r  t h e  same f a t i g u e  c o n d i t i o n  

u n d e r  wh ic h  t h e y  wou ld  s u b s e q u e n t l y  be p e r f o r m e d .

2 .  M o t o r  l e a r n i n g ,  w i t h i n  t h e  c o n t e x t  o f  t h i s  s t u d y ,  

r e s u l t e d  f rom p r a c t i c e  t r i a l s  d e s p i t e  t h e  p h y s i c a l  f a t i g u e  

i n t r o d u c e d  p r i o r  t h e  p r a c t i c e  t r i a l s .

3 .  Mo to r  l e a r n i n g ,  w i t h i n  t h e  c o n t e x t  o f  t h i s  s t u d y ,  

was n o t  s i g n i f i c a n t l y  i n f l u e n c e d  by p h y s i c a l  f a t i g u e  i n t r o ­

d u c ed  p r i o r  t o  p r a c t i c e  t r i a l s .

RECOMMLNDATIONS

I t  was  recommended t h a t  t h e  f o l l o w i n g  s t u d i e s  be 

c o n d u c t e d :

1 .  A s t u d y  s i m i l a r  i n  d e s i g n  t o  t h i s  s t u d y  b u t  

u s i n g  a l e a r n i n g  t a s k  s h o r t  enough  ir.  t e r m s  o f  p r a c t i c e  t i m e  

t o  p r e v e n t  r e c o v e r y  f rom t h e  i n d u c e d  f a t i g u e .

2 .  A s t u d y  s i m i l a r  i n  d e s i g n  t o  t h i s  s t u d y  i i n p l o y i n g  

a f i n e  m o t o r  l e a r n i n g  t a s k  and  l o c a l  m u s c u l a r  f a t i g u e .
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3 .  A s t u d y  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  f a t i g u e  

on  m o to r  l e a r n i n g  among g r o u p s  i n  d i f f e r e n t  s t a g e s  o f  p h y s i c a l  

t r a i n i n g .
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J o u r n a l  o f  L x p e r i m e n t a l  P s y c h o l o g y , 51 ( 1 9 5 6 ) ,  118 .

A r c h e r ,  J am es  L . ,  " P o s t r e s t  P e r f o r m a n c e  i n  Mo to r  L e a r n i n g  
a s  a F u n c t i o n  o f  P r e r e s t  De g r ee  o f  D i s t r i b u t i o n  
o f  P r a c t i c e . "  J o u r n a l  o f  L x p e r i m e n t a l  P s y c h o l o g y ,  
4 7 : 2  ( 1 9 5 4 ) ,  47 .

A s t r a n d ,  1’ . 0 .  and I .  Rhyming,  "A Nomogram f o r  C a l c u l a t i o n  
o f  A e r o b i c  C a p a c i t y  ( P h y s i c a l  F i t n e s s )  f r om P u l s e  
R a t e  D u r i n g  Su b - m ax im a l  Work , "  J o u r n a l  o f  A p p l i e d  
P h y s i o l o g y ,  7 ( 1 9 5 4 ) ,  218 .

A s t r a n d ,  P.  0 . ,  Work Te s t s  w i t h  t h e  B i c y c l e L r g o m e t e r . 
V a r g e r g ,  bwedcnT ! i o i w i r k - C r e s c e n t  ~AB .
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B a l k e ,  B. and  G. P.  G r i l l o ,  L.  B. K i n e c c i  a nd  U. C. L u f t ,  
"Work C a p a c i t y  A f t e r  B l ood  D o n a t i o n , "  J o u r n a l  
o f  A p p l i e d P h y s i o l o g y , 7 ( 1 9 5 4 ) ,  231 .

B a l k e ,  B ru no ,  " C o r r e l a t i o n  o f  S t a t i c  and  P h y s i c a l  k n d u r a n c e :  
I .  A T e s t  o f  P h y s i c a l  P e r f o r m a n c e  Based  on t h e  
C a r d i o v a s c u l a r  and  R e s p i r a t o r y  R e s p o n s e s  t o  G r a d u a l l y  
I n c r e a s e d  Work , "  Ra nd o l p h  AFB, T e x a s :  USAF S c h o o l
o f  A v i a t i o n  M e d i c i n e ,  P r o j e c t  No.  2 1 - 3 2 - 0 0 4 ,  R e p o r t  
No.  1 ,  1952 .

B a r t z ,  Do u g l a s  W. and  Leo l i . S m i t h ,  " L f f e c t  o f  M o d e r a t e  
l i x e r c i s e  on t h e  P e r f o r m a n c e  and  L e a r n i n g  o f  a 
G r o s s  M o to r  S k i l l , "  P e r c e p t u a l  and Moto r  S k i l l s ,
31 ( A u g u s t ,  1 9 7 0 ) ,  187 .

B e n so n ,  David  W. , " I n f l u e n c e  o f  Imposed  F a t i g u e  on L e a r n i n g  
A Ju m pi ng  Task  and A J u g g l i n g  T a s k . "  R e s e a r c h  
Q u a r t e r l y , 39 (May, 1 9 6 8 ) ,  251 .

B r o u h a ,  L . ,  N. W. F r a d d  and B. M. S a v a g e ,  " S t u d i e s  i n
P h y s i c a l  L f f i c i e n c y  o f  C o l l e g e  S t u d e n t s , "  R e s e a r c h  
Q u a r t e r l y ,  15 ( 1 9 4 4 ) ,  211 .

C a r r o n ,  A l b e r t  V . ,  " P h y s i c a l  F a t i g u e  and  Moto r  L e a r n i n g , "  
R e s e a r c h  Q u a r t e r l y , 40 (D ecembe r ,  1 9 6 9 ) ,  6 8 2 .

Digman,  J o h n  M. ,  " P e r f o r m a n c e  Unde r  O p t i m a l  P r a c t i c e
C o n d i t i o n s  F o l l o w i n g  T h r e e  D e g r e e s  o f  M a ss in g  o f  
L a r l y  P r a c t i c e , "  J o u r n a l  o f  L x p e r i m e n t a l  P s y c h o l o g y ,  
5 2 : 3  ( 1 9 5 6 ) ,  189 .

L i b e l ,  L.  R . ,  "A S t u d y  o f  R es p o ns e  Time B e f o r e  and  A f t e r  
S t r e n u o u s  L x e r c i s e , "  R e s e a r c i i  Q u a r t e r l y ,  11 (May, 
1 9 4 0 ) ,  80.

L v a n s ,  W. 0 . ,  " P e r f o r m a n c e  o f  a S k i l l e d  T a s k  A f t e r  P h y s i c a l  
Work o r  i n  a h i g h  A l t i t u d e  L n v i r o n m e n t , "  P e r c e p t u a l  
and  Moto r  S k i l l s , 22 (19o6 )  , 3 71 .

G a l l a g h e r ,  R o s w e l l  J .  and  L u c i e n  B r o u h a ,  "A S im p le  Method 
o f  T e s t i n g  t h e  P h v s i c a l  F i t n e s s  o f  B o y s , "  R e s e a r c h  
Q u a r t e r l y , 14 ( 1 9 4 3 ) ,  23.

Godwin,  M a r g a r e t  A. and  R i c h a r d  A. S c h m i d t ,  " M u s c u l a r  
F a t i g u e  and L e a r n i n g  a D i s c r e t e  Motor  S k i l l , "
Re se a r c i i  Q u a r t e r l y , 42 (December ,  1 9 7 1 ) ,  374 .

i i e n r y ,  F. M. ,  " S p e c i f i c i t y  V e r s u s  G e n e r a l i t y  i n  L e a r n i n g  
M o to r  S k i l l , "  P r o c e e d i n g s  o f  t h e  C o l l e g e  P h y s i c a l  
L d u c a t i o n  A s s o c i a t i o n ,  59 I T 9 5 6 ) , " 6 8 “
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L o t t e r ,  W i l l a r d  S . ,  " L f f e c t s  o f  F a t i g u e  and  Warmup on
Speed  o f  Arm M o v e m e n t s , "  R e s e a r c h  Q u a r t e r l y , 30 
(March ,  1 9 5 9 ) ,  57 .

M a g le ,  F r a n c i s  J .  and Thomas G. B e d e c k i ,  "Use  o f  t h e  180 
H e a r t  Ka te  R e spo nse  a s  a M e as u r e  o f  C i r c u l o -  
r e s p i r a t o r y  C a p a c i t y , "  R e s e a r c h  Q u a r t e r l y ,  34 
( 1 9 6 3 ) ,  36 1 .

Nunney,  De rec k  K . ,  " F a t i g u e  I m p a i r m e n t  an d  P s y c h o - M o t o r
L e a r n i n g , "  P e r c e p t u a l  and Mo to r  S k i l l s ,  16 ( A p r i l ,  
1 9 6 3 ) ,  3 6 9 .

P a t t e r s o n ,  J o h n  L.  and  A s s o c i a t e s ,  " L v a l u a t i o n  a nd  P r e d i c t i o n  
o f  P h y s i c a l  F i t n e s s  U t i l i z i n g  M o d i f i e d  A p p a r a t u s  
o f  t h e  i i a r v a r d  S t e p  T e s t , "  A m e r i c a n  J o u r n a l  o f  
C a r d i o l o g y , 41 ( 1 9 5 4 ) ,  8 1 1 .

P h i l l i p s ,  W i l l i a m  H . ,  " I n f l u e n c e  o f  F a t i g u i n g  Warmup
L x e r c i s e s  on Speed  o f  Movement  and  R e a c t i o n  L a t e n c y , "  
R e s e a r c h  Q u a r t e r l y , 43 ( O c t o b e r ,  1 9 6 3 ) ,  370 .

S c h m i d t ,  R i c h a r d  A . ,  " P e r f o r m a n c e  and L e a r n i n g  a G r o s s  Mo tor  
S k i l l  Unde r  C o n d i t i o n s  o f  A r t i f i c i a l l y  I n d u c e d  
F a t i g u e , "  R e s e a r c h  Q u a r t e r l y , 28 (May,  1 9 5 7 ) ,  147 .

S k u b i c ,  Vera  and J e a n  H o d g k i n s ,  " L f f e c t s  o f  Warmup A c t i v i t i e s  
on S p e e d ,  S t r e n g t h  and A c c u r a c y , "  R e s e a r c h  Q u a r t e r l y ,  
28 (May, 1 9 5 7 ) ,  1 47 .

S k u b i c ,  Ve ra  and J e a n  H o d g k i n s ,  " C a r d i o v a s c u l a r  L f f i c i e n c y  
T e s t  f o r  G i r l s  and Women," R e s e a r c n  Q u a r t e r l y ,  35 
( 1 9 6 3 ) ,  1 9 1 .

Van H u s s ,  W. D. , L. A. A l l r u c t ,  R. iNelson and  R. Hage rman ,  
" L f f e c t  o f  O v e r l o a d  Warmup on t h e  V e l o c i t y  and 
A c c u r a c y  o f  T h r o w i n g , "  R e s e a r c h  Q u a r t e r l y ,  33 
( O c t o b e r ,  1 9 6 2 ) ,  4 7 2 .

Welch ,  Marya ,  " S p e c i f i c i t y  o f  Heavy Work F a t i g u e :  Absen ce
o f  T r a n s f e r  f r om Heavy Leg Work t o  C o o r d i n a t i o n  
T a s k s  U s in g  t n e  A r m s , "  R e s e a r c h  Q u a r t e r l y ,  4 (May, 
1 9 6 9 ) ,  4 0 2 .  “

W i t t e ,  F . ,  " L f f e c t  o f  P a r t i c i p a t i o n  i n  L i g h t ,  Medium and 
Heavy L x e r c i s e  Upon A c c u r a c y  i n  Mo to r  P e r f o r m a n c e  
o f  J u n i o r  High  S c h o o l  G i r l s , "  R e s e a r c h  Q u a r t e r l y ,
33 ( 1 9 6 2 ) ,  308 .
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C. UNPUBLISHED MATERIALS

K e n d r i c k ,  L a r r y  L . ,  " P e r f o r m a n c e  i n  S e l e c t e d  Gro s s  Motor  
S k i l l s  B e f o r e  and A f t e r  F a t i g u i n g  b x e r c i s e , "
D o c t o r a l  D i s s e r t a t i o n  ( U n p u b l i s h e d ) , L o u i s i a n a  S t a t e  
U n i v e r s i t y ,  1967 .

P h i l l i p s ,  W i l l i a m  l i . ,  "The L f f e c t  o f  P h y s i c a l  F a t i g u e  on Two 
Moto r  L e a r n i n g  T a s k s , "  D o c t o r a l  D i s s e r t a t i o n  (Un­
p u b l i s h e d ) ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  1962 .

V i n e s ,  R o l a r d  H . ,  "The L f f e c t  o f  L o c a l i z e d  F a t i g u e  on
A c c u r a c y ,  R e a c t i o n  Time and  Combined P e r f o r m a n c e  
o f  A c c u r a c y  and R e a c t i o n  T i m e , "  M a s t e r ' s  T h e s i s  
( U n p u b l i s h e d ) ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  1966 .
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CLASS NAME

GROUP__________

LEARNING SCORLS

I n i t i a l  T r i a l  S c o r e ___

Second  T r i a l  S c o r e _____

T h i r d  T r i a l  S c o r e ______

F o u r t h  T r i a l  S c o r e _____

F i f t h  T r i a l  S c o r e ______

S i x t h  T r i a l  S c o r e ______

PliRFORMANCL SCORLS

N o n - f a t i g u e  S c o r e ______

Mi l d  F a t i g u e  S c o r e _____

he avy  F a t i g u e  S c o r e ___

APPENDIX A 

DATA SHEET

____________ AGE______ WT .

R e s t i n g  
H e a r t  Ra t e

HT.

F i n a l  
H e a r t  Ra te
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APPENDIX B

AGE, HEIGHT, WEIGHT, CLASS, LEARNING SCORES ONE THROUGH SIX
PERFORMANCE SCORES FOR HEAVY, MODERATE AND NON FATIGUE

FOR GROUP H

L e a r n i n g  S c o r e P e r f .  S c o r e
>ubj . Age H t . Wt. C l . 1 2 3 4 5 6 1 2 3

1 2 1 7 1 ” 165 J r . 274 232 163 197 182 165 145 183 181
2 2 1 7 2 ” 215 J r . 341 269 218 185 175 189 2 0 2 179 184
3 18 7 1 ” 140 F r . 320 183 197 160 177 131 186 130 124

4 2 1 7 2 ” 180 So. 2.53 217 214 161 162 123 140 148 170
5 23 7 3 ” 160 S r . 264 183 170 190 168 177 168 161 156
6 2 0 7 0 ” 180 J r . 324 261 205 186 178 224 166 193 193

7 2 0 7 1 ” 160 S o . 384 316 286 241 2 1 0 2 1 1 187 190 250
8 17 69 ” 14 0 F r . 316 223 267 229 245 261 234 138 195
9 19 6 3 ” 115 S o . 327 291 263 240 188 135 182 165 167

1 0 18 6 7 ” 135 F r . 377 256 383 405 315 258 187 171 185
1 1 2 0 7 5 ” 2 0 0 S o . 440 295 292 249 234 187 189 172 158
1 2 19 7 5 ” 160 S o . 268 255 277 199 219 184 138 172 173

13 19 6 6 ” 125 S o . 174 155 158 215 178 195 127 169 144
14 2 0 7 5 ” 185 S o . 400 306 261 281 240 2 1 0 215 163 185
15 18 7 0 ” 165 F r . 286 24 5 214 2 0 1 163 179 2 0 1 138 155

16 17 6 8 ” 125 F r . 268 288 175 176 214 195 164 160 189
17 18 6 6 ” 130 F r . 564 443 448 508 534 433 347 432 328
18 17 6 9 ” 145 F r . 398 240 414 282 151 229 188 141 162

19 17 7 1 ” 165 I X  . 430 245 349 315 300 340 276 278 313
2 0 18 7 1 ” 155 F r . 306 223 250 195 290 249 149 162 164
2 1 18 7 0 ” 130 F r . 346 450 346 207 255 302 206 163 237

2 2 18 7 5 ” 2 1 0 F r . 302 2 0 1 244 194 195 14 5 139 149 139
23 18 6 9 ” 140 F r . 534 487 237 297 227 204 184 188 2 0 0
24 18 7 3 ” 145 F r . 577 351 289 382 369 421 326 320 442

25 18 7 3 ” 155 F r . 288 266 195 185 215 217 177 151 188
26 17 7 4 ” 185 F r . 254 163 180 145 161 152 1 2 0 170 155
27 17 7 1 ” 160 F r . 295 156 196 232 2 0 2 226 189 164 239

L e a r n i n g  and  P e r f o r m a n c e  S c o r e s  r e c o r d e d  i n  s e c o n d s
W e i g h t  r e c o r d e d  i n  p o u n d s
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APPENDIX C

AGE, HEIGHT, WEIGHT, CLASS, LEARNING SCORES ONE THROUGH SIX
PERFORMANCE SCORES FOR HEAVY, MODERATE AND NON FATIGUE

FOR GROUP M

L e a r n i n g  Sc o r e P e r f .  S c o r e
Subj . Age l i t . w t . C l . 1 2 3 4 5 6 1 2 3

1 18 73" 175 F r . 396 181 218 179 2 0 0 137 169 167 183
2 26 6 8 ” 165 S o . 442 281 255 251 258 188 186 189 177
3 23 70" 155 S r . 295 262 233 2 1 0 198 187 181 187 162

4 2 2 71" 195 S r . 488 257 408 290 310 356 322 251 343
5 17 70" 160 F r . 240 186 260 187 154 126 159 127 147
6 19 74" 185 J r . 345 223 265 217 278 156 144 151 162

7 19 72" 155 S o . 402 405 243 199 2 2 0 196 232 163 1 6 2
8 2 2 75" 270 J r . 371 190 217 237 189 219 160 123 231
9 19 72" 170 S o . 516 510 457 3S4 417 378 285 347 228

1 0 18 69" 155 F r . 293 190 239 147 24 7 315 2 1 0 193 172
1 1 18 64" 135 F r . 441 396 347 308 357 380 241 203 223
1 2 18 70" 165 F r . 24 5 205 174 2 2 0 192 181 131 149 150

13 19 70" 175 S o . 305 259 184 138 14 9 117 189 139 145
14 19 69" 145 S o . 376 306 284 157 256 281 190 136 173
15 18 72" 160 S o . 266 161 2 2 2 154 140 156 199 138 125

16 18 67" 125 F r . 576 575 295 223 283 296 266 227 232
17 2 1 72" 150 S r . 283 199 245 178 199 213 238 165 188
18 16 6 8 " 140 F r . 436 491 584 366 383 188 2 0 1 2 2 0 213

19 17 6 8 " 155 F r . 583 335 250 239 206 186 242 224 205
2 0 19 70" 135 S o . 493 302 336 249 208 332 321 256 225
2 1 27 72" 230 S r . 493 447 381 306 473 300 455 366 315

2 2 2 1 67" 150 S r . 421 347 241 208 250 282 244 193 2 0 0
23 18 70" 145 F r . 397 238 253 309 2 1 1 24 5 228 193 186
24 18 70" 150 F r . 302 236 324 150 194 150 215 167 173

25 18 71" 160 F r . 409 365 360 206 245 170 233 148 228
26 17 76" 155 F r . 425 250 302 272 244 255 234 208 276
27 18 70" 160 F r . 382 368 303 297 226 195 197 186 262

L e a r n i n g  a n d  P e r f o r m a n c e  S c o r e s  r e c o r d e d  i n  s e c o n d s
W e i g h t  r e c o r d e d  i n  p o u n d s
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APPENDIX D

AGE, HEIGHT, WEIGHT, CLASS, LEARNING SCORES ONE THROUGH SIX
PERFORMANCE SCORES FOR HEAVY, MODERATE AND NON FATIGUE

FOR GROUP N

iubj  . Age l i t . Wt. C l . 1
L e a r n i n g  S c o r e  

2 3 4 5 6
P e r f .  S c o r e  

1 2  3

1 17 73" 180 F r . 251 130 132 129 152 1 0 1 129 118 131
2 18 73" 136 S o . 307 235 268 192 2 0 2 209 2 2 2 144 168
3 23 72" 180 S r . 224 214 197 188 167 160 176 155 195

4 18 77" 185 S o . 563 346 331 223 317 279 280 304 233
5 18 6 8 " 135 S o . 498 500 457 304 327 248 307 281 241
6 23 72" 170 S r . 428 304 241 184 193 169 204 214 187

7 2 2 70" 175 S r . 437 306 256 131 214 156 166 196 193
8 2 0 72" 180 S r . 364 215 237 240 209 193 145 172 163
9 19 75" 175 S o . 370 325 194 162 184 229 193 204 198

1 0 17 6 6 " 115 F r . 2 2 1 224 160 179 166 232 167 174 141
1 1 19 72" 150 S o . 281 224 194 174 183 192 256 152 2 1 1
1 2 17 6 8 " 170 F r . 388 265 190 150 2 2 0 192 163 185 178

13 18 69" 2 1 0 F r . 370 397 429 252 381 349 206 277 177
14 19 74" 155 S o . 506 249 177 206 244 218 181 204 191
15 2 1 71" 160 S r . 343 217 231 2 0 1 150 197 158 138 181

16 17 6 6 " 125 F r . 632 629 480 382 463 468 568 387 501
17 18 71" 145 F r . 482 326 425 401 304 292 191 189 236
18 18 74" 160 F r . 263 190 214 185 243 175 216 238 186

19 2 0 73" 145 J r . 446 418 379 329 354 2 1 2 272 258 333
2 0 18 69" 170 F r . 399 297 278 246 216 151 160 247 180
2 1 18 71" 140 F r . 321 245 298 229 213 187 145 237 163

2 2 19 69" 165 S o . 419 344 289 277 302 239 216 184 218
23 18 72" 175 So . 306 238 352 217 162 234 233 259 240
24 18 6 6 " 140 F r . 214 147 178 137 135 143 168 146 166

25 19 73" 180 J r . 279 179 277 226 390 24 2 226 180 145
26 18 72" 150 F r . 363 265 304 352 281 170 190 226 175
27 18 6 8 " 125 F r . 418 382 316 214 242 292 316 230 184

L e a r n i n g  an d  P e r f o r m a n c e  S c o r e s  r e c o r d e d  i n  s e c o n d s
W e i g h t  r e c o r d e d  i n  p o u n d s
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APPENDIX E

MEAN RESTING I itART RATES AND MEAN FINAL HEART RATES 
FOR SUBJECTS IN GROUPS H, M, AND N

Group 11 
Subj  . MRiiR* FUR*

Group M 
Subj  . MRllk FUR

Group N 
Subj  . MRIIR FUR

1 19 45 1 18 41 1 19 43
2 2 1 45 2 19 44 2 26 42
3 2 1 46 3 2 0 40 3 2 1 44

4 19 44 4 19 43 4 18 44
5 18 46 5 2 2 45 5 2 2 42
6 25 46 ’ 6 18 44 6 18 37

7 2 2 47 7 19 43 7 2 0 43
8 2 0 45 8 23 44 8 18 39
9 17 51 9 24 44 9 27 46

1 0 2 0 44 1 0 16 43 1 0 27 47
1 1 2 0 37 1 1 23 46 1 1 2 2 44
1 2 27 48 1 2 28 46 1 2 2 2 48

13 2 2 49 13 23 43 13 26 48
14 2 0 42 14 2 1 43 14 19 40
15 23 46 15 23 46 15 2 0 46

16 19 43 16 2 1 46 16 26 41
17 23 38 17 23 40 17 2 0 42
18 24 43 18 23 43 18 23 44

19 2 0 40 19 2 1 45 19 2 2 43
2 0 2 2 46 2 0 2 0 47 2 0 23 45
2 1 24 46 2 1 23 36 2 1 28 48

2 2 25 50 2 2 24 43 2 2 2 2 47
23 2 0 45 23 24 46 23 2 2 44
24 25 43 24 2 1 44 24 2 0 46

25 23 49 25 15 42 25 2 2 43
26 25 45 26 24 47 26 24 39
27 17 38 27 2 0 43 27 2 2 38

574 1107 578 1166 599 1173
M*21.26 M-44 .33 1M-21.41 M=43.18 M-22 .22 11-43

•MRiiR - Mean R e s t i n g  h e a r t  R a t e s  *FuR - F i n a l  n e a r t  R a t e
l i e a r t  R a t e  c o u n t  t a k e n  f o r  15 s e c o n d s



76

APPfcNDIX F

PILOT STUDY DATA

S u b j e c t
Combined Time 
T r i a l s  1 and 2

Combined Time 
T r i a l s  3 a nd  4

1 708 349
2 612 475
3 606 349
4 583 362
5 495 317
6 494 412
7 791 465
8 426 340
9 867 497

1 0 674 441
1 1 437 396
1 2 472 409
13 585 380
14 437 436

T o t a l  8187 T o t a l  5628
Mean 5 8 4 .3 9  Mean 4 0 2 . 0 0

S c o r e  i n  s e c o n d s



VITA

The a u t h o r  was b o r n  i n  C r e s t o n ,  I owa ,  F e b r u a r y  24 ,  

19 39 .  he  a t t e n d e d  p u b l i c  s c h o o l  i n  H o u s t o n ,  M i s s o u r i  and  

g r a d u a t e d  f rom H o u s t o n  H igh  S c h o o l  i n  19 57 .  He t h e n  

a t t e n d e d  S o u t h w e s t  M i s s o u r i  S t a t e  C o l l e g e  i n  S p r i n g f i e l d ,  

M i s s o u r i  m a j o r i n g  i n  h i s t o r y  and  p h y s i c a l  e d u c a t i o n .  The 

B a c h e l o r  o f  S c i e n c e  d e g r e e  i n  e d u c a t i o n  was a wa rd ed  i n  

1 9 6 1 .  He t a u g h t  and  c o a c h e d  one y e a r  i n  t h e  M o u n t a i n  View,  

M i s s o u r i  p u b l i c  s c h o o l  s y s t e m .  The a u t h o r  t a u g h t  s o c i a l  

s t u d i e s  and  c o a c h e d  b a s k e t b a l l  i n  t h e  N i x a ,  M i s s o u r i  p u b l i c  

s c h o o l  s y s t e m  f o r  f i v e  y e a r s .  He r e c e i v e d  a M a s t e r  o f  

E d u c a t i o n  d e g r e e  f rom t h e  U n i v e r s i t y  o f  M i s s o u r i  i n  1967 .  
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