Louisiana State University

LSU Scholarly Repository

LSU Historical Dissertations and Theses Graduate School

1972

Effect of Different Levels of Physical Fatigue Upon Motor Learning
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

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.Isu.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@Isu.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 document.
While the most advanced technological means to photograph and reproduce this
document have been used, the quality is heavily dependent upon the quality of
the original submitted.

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

1. The sign or ‘‘target’’ for pages apparently lacking from the document
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 complete continuity.

2. When an image on the film is obliterated with a large round black
mark, it is an indication that the photographer suspected that 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 of the material being
photographed the photographer followed a definite method in
“sectioning’”’ the material. It is customary 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. |f necessary,
sectioning is continued again — beginning below the first row and
continuing on until complete.

4. The majority of users indicate that the textual content is of greatest
value, however, a somewhat higher quality reproduction could be
made from ‘‘photographs’’ if essential to the understanding of the
dissertation. Silver prints of ‘‘photographs’” may be ordered at
additional charge by writing the Order Department, giving the catalog
number, title, author and specific pages you wish reproduced.

University Microfilms

300 North Zeeb Road
Ann Arbor, Michigan 48106

A Xerox Education Company



72-28,385

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, E4d.D., 1972
Education, physical

University Microfilms, A XEROX Company , Ann Arbor, Michigan

THIQ NICKERTATINN HAQ REFN MICDNAERTIMEN EYAMTIV AC DECETULN



LFFECT OF DIFFERLNT LEVELS OF PHYSICAL FATIGUE UPON
MOTOR LLARNING AND SUBSEQUENT

MOTOR PLRFORMANCE

A Dissertation

Submitted to the Graduate Faculty of the
Louisiana State University and
Agricultural and Mecchanical College
in partial fulfillment of the
requirements for the decgree of
Doctor of Lducation

in

The Department of licalth, Physical, and Recreation Lducation

by
Jerry R. Stcckard
B.S. in Ld., Southwest Missouri Statec (College, 1961l
M.Ed., University of iidssouri, 1907
May, 1972



PLEASE NOTE:

Some pages may have
indistinct print.

Filmed as received.

University Microfilms, A Xerox Education Company



ACKNOWLEDGEMENTS

The author wishes to express his appreciation to
Dr. Ralph E. Steben for his efforts in directing this
project, to the other members of the staff of the Depart-
ment of licalth, Physical and Recreation Education at
Louisiana State University for their constructive assistance,
and to the students of Tulane University who served as

subjects for this investigation.

ii



TABLE OF CONTENTS

AC}\NO‘\LLDGLT‘ILNTS © 0 8 0 9 000 0 00 08 00 00000 00 -oo-ooo-too-'o...-ii
LIST OF TABLLS ...ttt eenensosssesssosassssssassassssnsasaVi
LIST OF FIGURLS ......... csesseserense B 2 5 |

ABSTRACT ... ceestssacranes N 28 B |

CHAPTER PAGE
I. INTRODUCTION ....... e |
STATEMENT OF THE PROBLEM ....cceiiiereieneeenneeasssd
HYPOTHESES ........ cesectesenoaas cesersaas |

BASIC ASSUMPTIONS .....ccieeveenn -
DEFINITION OF TERMS...... cecececesscseerren et ceeeaedd
DELIMITATIONS ..... T
LIMITATIONS ...veeieeanen. crececcsoas ceseas ceseceasd
SIGNIFICANCE OF THE STUDY ......co0eeveeeen P -
ORGANIZATION OF THE REMAINDER OF THE THESIS........8

II1. REVIEW OF RELATED LITERATURE ......... coeecsnas e 1

STUDILS RELATED TO THE INFLUENCE OF FATIGUL
ON LEARNING FINL MOTOR SKRILLS .....¢ciceeeeeessssll

STUDILES RLELATLD TO THE INFLUENCE OF FATIGUL
ON LEARNING GROSS MOTOR SKILLS ...iiieeeeeneeeasald

STUDILS RELATED TO THE INFLUENCE OF FATIGUL
ON MOTOR PERFORMANCE ........c.cc.0.. cesesssensssal9

STUDILS RELATLD TO PRODUCING STANDARD
WORKLOADS AwD HEART RATE RESPONSES ....... ceeessl5

GLNLERAL SUMMARY ...... A
II1I. LXPERIMENTAL PROCEDURLS ...... [ . B |

OVERVIEW OF PROCEDURE ....... Cecessectcetat st nnnn 31

iii



TABLE OF CONTENTS (continued)

CIIAPTER PAGE
SUBJLCTIS ..... . )
DESCRIPTION OF THE TASK ...... P
PILOT STUDY ..... . 1

PHYSICAL FATIGUE CRITERIA ...vvieevevecesocanesesadl
PROCEDURLS FOR APPLYING FATIGUE TREATMENTS........41
DATA RLCORDING PROCEDURLS .....icivveeeceeceosesaadld

PERFORMANCL PROCEDURLES (...cccieecenn, I L.
ANALYSIS OF THE DATA ......c0cee.. cesesessensneessdd
IV. PRLESENTATION AND ANALYSIS OF DATA ......... N ¥
INTRODUCTION ..... cececaaccsenne ceeseeeesccesaocon s 47

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

ANALYSIS OF LLARNING PHASE DATA ......ccveveeeeas.5d

DISCUSSION OF THE ANALYSIS ....cecteeernenceneessed8
V. SUMMARY, FINDINGS, CONCLUSIONS AND

RECOMMENDATIONS ...cvieeeeaann S 1

SUMMARY ....cceeenen cecesstanen B -1
FINDINGS ............. N 4
CONCLUSIONS ........... T X
RECOMMENDATIONS ...ttt eennnnnns N
SELECTLD BIBLIOGRAPLY ........ teeecsaesens I 1
APPENDIXLS .............. tetecetasenaas Y
A. DATA SHLET ........ .00t cereeenenn S |

B. AGL, HEIGIhT, WLIGHT, CLASS, LEARNING SCORES ONE
THROUGH SiIX, PERFORMANCE SCORLES FOR HEAVY,
MODLRATL A~nD KONFATIGUL FOR GROUP H ...... R X

1v



TABLE OF CONTENTS (continued)

CHAPTER ' PAGE

C. AGL, HEIGIT, WEIGHT, CLASS, LEARNING SCORES
ONLE THROUGH SIX, PERFORMANCLE SCORES FOR
HEAVY, MODLRATL AND NONFATIGUE FOR GROUP M.......73

D. AGL, HEIGHT, WEIGHLT, CLASS LEARNING SCORLS
ONL THROUGH SIX, PERFORMANCL SCORLS FOR
HEAVY, MODLRATE AND NONFATIGUL FOR
GROUP N ......... ceeeeean Ceeeese e I &

E. MEAN RESTING HEART RATLS AND MLAN FINAL
HEART RATLES FOR SUBJECTS IN GROUPS I,

M, AND ¥ ........ Ceeeaeean Gttt ecereseesenannan Y
F. PILOT STUDY DATA &t ivvernennenosncannnse e eaen R A ¢
VITA ® & & 6 @ O ¢ S ¢ & 5 O 0 T % O 6 0 8 O 0 000 ® ® 0 & ¢ & & O ¢ &8 6 & & 2 0 0 O O 0 e s 0 000077



LIST OF TABLLS

TABLLS PAGL

I. ANALYSIS OF VARIANCE OF THE PEPFORIANCL
PHASE SCORLS OF LIGHTY-OnL SUBJECTS
PERFORMING UNDLK THRLE PHYSICAL FATIGUE
CONDITIONS ... iiriiiniineennnnns I 3

II. MEAN PERFORMANCL SCORES OF LEIGHTY-ONE
SULJYCTS PERFOKMING UnDER THRLEE CONDITIONS
OF PHYSICAL FATIGUL SiOWING AVLRAGE LLARw-
ING LFFECTS AND PLERFORMANCE EFFECTS ....cocceann 50

III. ORTHOGCONAL COMPARISONS INDICATING TiHE
SIGNIFICANCL GF THE DIFFERENCE AMONG
FATIGUE LEARNING GROUPS SCORLS UNDER
THRLEE PLREFORMANCL CONDITIONS . ...ieeeceierenannn 52

IV. ADJUSTLD HNEAN PLRFOWIANCE SCORLS OF EIGHTY-ONE
SUBJECTS FROii TUREE LEARNING GROUPS PER-
FORMING UANDER ThikLi PHYSICAL FATIGUL
CONDITIONS ......... cessererssene I

V. ANALYSIS OF VARIANCL OF LEARNING PHASE DATA
OF LIGITY-ONE SULJLCTS FROM TLRLE GROUPS
PRACTICING A MOTOR LEARNING TASK UNDER
THRLE CONDITIOwS OF PHYSICAL FATIGUE ...........55

vi



LIST OF FIGURES
FIGURL PAGE
I. TASK COURSE ...ttt eenanns ceeven ceseacan ceeedS

II. SUBJECT DEMONSTRATING RUN WITH BALL
BALANCLED ON THE TEE..... teeercesoans cesesccennas .36

I1I. SUBJECT DEMONSTRATING KICKING BALL FROM
TLEE INTO LOW BASKLTBALL COAL AT STATION
NE oooiii, Ceeecssceneens cesanean . )

IV. SUBJECT DLIONSTRATING PITCHING AND CATCHING
TECHNIQUE AT STATION TWO .....i0vieeeens P 1.

V. MLAN PRACTICE TPRIALS FOR LIGHTY-ONE SUBJLCTS
PLOTTED BY TRIALS ...... ceesee Y ¢

VI. MLAN PRACTICE TklAL SCORLS PLOTTED FOR LACH
GROUP B8Y TRIAL ............. Ceesecsecasesssanne -

vii



ABSTRACT

The purpose of this study was to determine if
physical fatigue introduced prior to practicing a novel
gross motor task influcnced either the learning resulting
from that practice or subsequent performance of the task.
Eighty-one male college students, randomly assigned to
threc groups (n = 27), practiced a novel gross motor task
under cither heavy, moderate or nonfatigue conditions.

The criteria for the fatigue conditions were excrcise
heart rate levels. The fatigue was induced through work
bouts on a bicyclc ergometer immediately preceding the trial.
The moderate fatigue criterion was 150 becats per minute
obtained after a work bout of approximately five minutes.

The heavy fatigue criterion was 180 beats per minute obtained
after a work bout of five to six minutes. The nonfatigue sub-
jects performed at resting heart rate levels.

The task consisted of running a triangular coursc
while balancing a volleyball on an cight inch tee (bad-
minton shuttlecock container). The course was laid out on
one cnd of a basketball court with each leg of the triangle
forty-five feet in length. A periormance station was
located at cach of the first two corners of the triangle.

At the first station the subject attempted to kick the ball
from the tece into a basketball goal placed two fcet above

the floor. At tlhe second station the ball was pitched

viii



against a standard basketball goal and the subject attempted
to catch the rebounding ball on the tec. One trial consisted
of completing five circuits around the course with the score
being the number of seconds required to complcte the trial.
Lach subject was given six practice trials, all undcr a
designated level of physical fatigue. These trials wcre
considered the learning phase of the study. The following
week cach subject performed the same task under cach of the
thrce conditions of physical fatigue. These trials were
considered the performancé phase of thec study.

The findings were the following:

1. The learning groups did not differ significantly
when total pcrformance mean scores were comparced.

2. Performance under moderatce fatiguec conditions
was significantly better than performance under heavy fatigue
conditions.

3. A significant interaction found in the perfor-
mance analysis indicated that lcarning under a specific
condition of fatiguc resulted in superior subsequent perfor-
mance under that samc condition of fatigue.

4. o significant differences werc found among the
learning groups in the rate of learning which resulted from
practicing under diffcrent levels of physical fatigue.

5. The learning trials differed significantly
indicating that learning occurred.

6. The interaction effect of trials and fatiguc
condition was not significant.

ix



The conclusions were as follows:

1. The specificity of practice and performance
conditions found in this study indicated that vigorous
sports should be practiced under the same fatigue condition
under which they would subsequently be performed.

2. Motor learning, within the context of this study,
resulted from practice trials despite the physical fatigue
introduced prior to the practice trials.

3. Motor learning, within the context of this study,
was not significantly influenced by physical fatigue intro-

duced prior to practice trials.



CHAPTER 1
INTRODUCTION

The study of conditions which influence learning has
long Leen of interest to psychologists and educators. Larly
studies in this area were primarily designed to study the
nature of learning verbal materials. Interest has spread
into the area of motor learning, that is, learning movecment
skills involving fine and/or gross movement. A topic which
is currently recceiving considerable attention deals with the
question of whether practice under fatigued conditions re-
sults in less efficient learning than practice under rested
conditions. It is well known that physical fatigue, i.e.,
impairment to muscular cfficiency resulting from sustained
muscular exertion, causes decrements in motor performance;
but whether physical fatigue influences motor lcarning is
still open to question. Several recent studies have shown
that motor learning is not influcnced by physical fatigue
introduced either prior to or during the practice of a motor

) 1,2,3,4,5 ) ) 6
skill. On the other hand, one investigator has

1Richard B. Alderman, "Influcnce of Local Fatigue
on Speed and Accuracy iu Motor Lcarning, ''Research Juarterly,
30 (May, 1965), 131.

ZAlbert V. Carron, '""Physical Fatigue and llotor
Learning, '"Rescarch Quarterly, 40 (Dccember, 1909), 0682.




found physical fatigue to have a beneficial effect, wiile
other studies’»8 have shown a negative influcnce on learning
motor skills. The diffcrences in type and degree of physical
fatigue imposed, coupled with the wide variety of tasks
employed, make it difficult to draw but the most tentative
conclusions about the role of fatigue in motor learning.
Another question arises from the consideration of
physical fatigue and its effect upon motor learning. If a
motor shill was practiced under a specific level of physical
fatiguc, would the subsequent performance of that skill be
influenced when performed under different levels of fatigue,

or no fatiguc at all? This question implies a transfer

SRichard Schmidt, "Performance and Learning a Gross
Motor Skill Under Conditions of Artificially Induccd Fatigue,"
Research Quarterly, 28 (liay, 1957), 47.

4Douglas W. Bartz and Leon E. Smith, "Effect of
Moderate Lxcrcise on the Performance and Learning of a
Gross llotor Skill," Perceptual and Motor Skills, 31 (August,
1970), 187.

5William Phillips, '"'The Lffect of Physical Fatigue
on Two Motor Learning Tasks,'" Doctoral Dissertation
(Unpublished), University of California, 1962.

6pavid Benson, "Influence of Imposed Fatigue on
Learning a Jumping Task and a Juggling Task.'' Research
Quarterly, 39 (May, 1968), 251.

"hereck K. wunney, '"'Fatigue Impairment and Psycho-
Motor Lecarning,'" Perceptual and Motor Skills, 16 (April,
1963), 369.

8Margaret A. Godwin and Richard A. Schmidt, '"Muscular
Fatigue and Learning a Discrete lMotor Skill," Rescarch
Quarterly, 42 (December, 1971), 374 - 381.



effect from the learning conditions and could possibly be
based upon licnry's specificity theory of motor learning.
According to lienry, separate neuromotor programs are
dcveloped for cach of the conditions which influences the
practice of a motor task.9 Physical fatigue could be one of
these influencing conditions. It may be that the fatigue
causes the lcarner to adopt diffcrent neuromotor responses
during practice of a skill than would be adopted if no
fatigue were present. If this is the case, it could be pre-
dicted that if a motor skill is learned under fatigued
conditions, it would later be performecd best under fatigued
conditions, or if lecarned under nonfatigue conditions, the
skill would subsequently be performed best under nonfatigue
conditions.

Many games and sports such as basketball, soccer,
and ice hockey require execution of a variety of motor
skills while the players are fatigued. Practical appli-
cations may be made by teachers and coaches of knowledge
related to fatigue and its role in motor skill aquisition.
Length and placement of certain drills within the practice
session could possibly be affected. Perhaps practicing
skills under botn fatigued and nonfatigued conditions could

be beneficial.

oF. M. iitenry, '"Specificity Versus Gecnerality in

Learning Motor Skills,' Proccedings of the College Physical
Education Association, 59 (1956), 08 - 75.




At the present time too little is known about
physical fatigue as a learning variable to arrive at any
firm conclusions. Further resecarch in this arca seems to

be warranted.
STATEMENT OF THE PROBLEM

The problems of this study were: 1) to determine
if practicing a novel gross motor task under a specific level
of physical fatigue influenced the subsequent performance
of that task when performed under differing levels of
physical fatigue, and 2) to determine if different levels of
physical fatigue introduced prior to practicing a novel gross
motor task, influenced the learning resulting from that

practice.

HYPOTHESES

The hypotheses were:

1. A novel gross motor task practiced under a
specific level of physical fatigue would subsequently be
performed best under that same level of physical fatigue;

2. Motor lcarning would result from practice
regardless of the fatigued condition of the learner;

3. lligher levels of physical fatigue would have
a morc adversec effcct on motor learning than lower levels

of physical fatigue.



BASIC ASSUMPTIONS

For thec purpose of this study it was assumed that:

1. The novel gross motor task used in this study
was unique to eéch of the subjects;

2. Since the subjects were randomly assigned to
groups, the motor ability and gcneral state of training
were equal among the groups;

3. Lach subject performed to the best of his
ability throughout the course of the study;

4. After six practice trials each subject would
bc approaching or have rcached an asymptote position on the

learning curve.
DEFINITION OF TLRMS

Phiysical fatigue. Physical fatigue was defined as

a state or degrce of impairment to muscular cfficiency
resulting from work bouts on a bicycle ergometer ranging in
severity from moderate to heavy and lasting from five to
six minutes.

Motor learning. Motor learning was defined as the

process of acquiring physical movement skills through re-
peated practice trials. More specifically, motor learning
referred to the improvemnent in the learning task score

measured in a reduction in the number of seconds required

to complete onc task trial.



Motor Performance. Motor performance was defined

as the execution of specific movement patterns stressing
rapid bodily movement, accuracy, and balance.

Nonfatigue. Nonfatiguc was defined as a state

whercin the subject performed no warmup or other specific
exercise prior to practice or performance of the novel gross
motor learning task.

Moderate fatigue. l}oderate fatigue was defined as

a condition produced through a work bout on a bicycle
ergometer in wihicn a heart rate of 150 beats per minute was
reached within a period of four to five minutes.

licavy fatigue. iicavy fatigue was defined as a

condition produced through a work bout on a bicycle
ergometer in which a heart rate of 180 beats per minute
was reached within three to four minutes and sustained for

an additional two minutes.
DELIMITATIONS

The samples were limited to eighty-one male students
enrolled at Tulane University during the summer and fall
semester, 1971.

The learning phase of the study was limited to six
practice trials.

lie task score was determined as the amount of time
in seconds required to complete a trial. Part of the task

procedure included Kicking and pitching a tall. Ko attempt



was made to count the successful or unsuccessful Kkicking or
pitching attempts within a trial.

Only exercise heart rate measures were used to
determine the fatigue status of the subject during the

work bouts.
LIMITATIONS

It was possible that some recovery from fatigue may
have occurred during a trial, especially if the subject
performed poorly.

Since the task required rapid and continuous movement,
the subjects practicing under the nonfatigue condition may
have become fatigucd.

A training effect may have accumulated during the
coursc of the study resulting from the bicyclec ergometer
work and from the task itself, especially among the heavy
fatigue group.

The subjects were requested to refrain from any
vigorous physical activity during the course of the study,
but no further attempt was made to govern the subjects’
activity.

Since learning rates among subjects differed, the
six practice trials afforded each subject may have resulted

in different degrees of learning among the subjects.



SIGNIFICANCE OF THE STUDY

There appears to be both practical and theoretical
reasons for studying tihe influence of physical fatigue.
Coaches, for instance, might want specific skills practiced

while the players are fatigued, or set up practice sessions

as nearly like game situations as possible. If neuromuscular

responses altered by fatigue during the learning of skills
are later reflected in the skill performance, practice con-
ditions would certainly be important. It may be becneficial
for coaches and teachers of movement skills to control
fatigue within the lcarning environment.

Excellence in teaching is based upon firm knowledge
of subject matter, good teaching techniques, and an under-
standing of the learning process. In motor learning, much
of what we do in terms of teaching is based on tradition
rather than upon evidence glcaned from rcsearch. The many
tieories which explain the processes or mechanisms of motor
skill acquisition need to be substantiated or refuted
through research. The evidence supplied by this study and
other studies of a related nature may be accumulated to

build a more scientific basis for motor learning theories.
ORGANIZATION OF THE REMAINDER OF THE THESIS

The remainder of this dissertation was organized

to review the literaturec pertaining to the present study,



to describc the experimental procedures employed in gath-
ering the data, to prcsent an analysis of the data, and
to summarize, give conclusions, and recommendations result-

ing from the data.



CHAPTER 11
REVIEW OF RELATED LITERATURE

Motor learning is the term applied to the process
of acquiring movement skills. Motor skills are generally
classified as either finc movement skills or gross movenent
skills. A fine motor skill involves intricate movements
generally performed with the hands or fingers. A gross
motor skill gecnerally involves total body movement.

Physical fatigue, as specifically identified for
this study, refers to a state or degree of muscular ineffic-
iency resulting from muscular exertion. The studies reviewed
in this chépter in which physical fatigue was a variable,
used basically the same definition as the one stated above.

Physical fatigue has been introduced either locally,
as in fatiguing the muscles controlling hand or finger
movements, or generally, as in fatiguing large muscle
groups which control total body movement. A number of
studies using different combinations of learning tasks and
types of fatigue have been reported. This chapter was
organized to prcsent research work related to motor learning
and performance under conditions of artificially induced
physical fatigue. The studies presented were categorized

under the following headings:

10
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1) Studies Related to the Influence of Fatigue on
Learning Fine Motor Skills;

2) Studies Related to the Influence of Fatigue on
Learning Gross HMotor Skills;

3) Studies Related to the Influence of Fatigue on
Motor Performance;

4) Studies Related to Producing Standard Workloads
and lleart Rate Response.

STUDIES RELATED TO ThE INFLUENCE OF FATIGUE

ON LEARNING FINE MOTOR SKILLS

In the early 1950's attempts to study the effect
of fatigue upon motor learning were made by experimental
psychologists interested in the controversy between massed
versus distributed practice. These studies, notably by

Adamsl, Ammons2, Archer3, and Digman4 dealt with a type

ljack A. Adams, '"Psycho Motor Performance As A
Function of Intertrial Rest Interval," Journal of Experi-
mental Psychology, 48 (1954), 131- 133

ZR. B. Ammons and Leslie Willig, '"Acquisition of
Skill IV Effects of Repeated Periods of iassed Practice,"
Journal of Lxperimental Psycinology, 51 (1956), 26.

3James L. Archer, '"Postrest Performance In Motor
Learning As A Function of Prerest Degree of Distribution of
Practice,'" Journal of Experimental Psychology, 47 (1954),
47-51. -

4Jolm M. Digman, "Performance Under Optimal Practice
Conditions Following Three Degreces of lMassing of Ekarly
Practice,' Journal of Lxperimental PsX;hologx, 52 (1956),
189-193.




12
of fatigue best described as central in origin as opposed
to physical fatigue of the muscle. Their findings concurred
that the fatiguec resulting from massing practice created
a performance decrement but learning was not influenced.

Only rccently have attempts been made to discover
the effect of physical fatigue, that is, impairing muscular
efficiency by imposing work loads, upon learning fine motor
tasks.

Alderman> induced severe local physical fatigue
halfway through the learning of two fine motor tasks. The
fatigue resulted from work performed on an arm ergometer
and the tasks employed were the rho learning test, a spced
test, and a pursuit rotor learning test, a test of accuracy.
Four groups of subjects, each consisting of thirty male
college students, learned either the speed task or the
accuracy task under either treatment or control conditions.
It was found that the treatment groups suffered a forty
percent decline in performance but no differences in amount
of learning resulted.

Carron® investigated the influence of local muscular

fatigue upon learning a motor task when imposed ecarly

>Richard B. Alderman, '"Influence of Local Fatigue
on Speed and Accuracy in Motor Learning,' Research Quarterly,
36 (May, 1965), 131.

6Albert V. Carron, "Physical Fatigue and Motor
Learning," Research Quarterly, 40 (December, 1969), 682.
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and late in the learning session. Seventy-five college
wonen were assigned to three groups (n = 25 in each group).
Lach subject performed fifty trials of a pursuit rotor task
on the first day. The fatigue, induced by a hand ergometer,
was introduced to one group after twenty-five percent of the
learning had occurred. Thec control group experienced no
fatigue. Fatigue was introduccd to another group after
seventy-five percent of the learning had occurred. All
three groups performed fifty trials of the same task the
following day. It was found that the experimental subjects
performed significantly poorcr following the fatigue treat-
mcnts than did the control subjects, but no significant
difference in the amount lecarned resulted.

Nunney7 designed a study to investigatc the effect
of impairment from physical activity upon the subjective
feelings of fatigue and upon psycho-motor learning. Lighty
college men werec assigned to five groups, equated on the
basis of one trial of a fine motor learning task. Four
work loads and two psycho-motor tests were used. A control
group learned both tasks under no fatigue. The four
experimental groups learned the first task following four
different work loads, two performed on a bicycle ergometer

and two on a trecadmill, cach requiring different

7Dereck K. sunney, "Fatiguc Impairment and Psycho-
Motor Learning," Perceptual and liotor Skills, 16 (April,
1963), 369.
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energy expenditures. The learning task was the Snoddy
Stabilimeter test. A score was recorded on each of six
practices hecld on alternate days. Similar comparative
data were obtained from a second psycho-motor skill, the
Rotary Pursuit neter.

Results of the study revcaled that the over-all
rate of learning of the control group was significantly
higher than that of the experimental groups as shown by
level of performance on the final Snoddy Stabilimeter
scores. The four groups experienced differcnt levels of
energy expenditure, yet there were no significant differences
among thenm in learning rate. No differences were found
among the Rotary Pursuit ieter scores.

Godwin and Schmidt8 studied fatigue as a learning
variable by introducing fatigue prior to the first and
between each of twenty trials on a fine motor skill similar
to the rho task. Two groups of thirty-two subjects each
practiced twenty trials on day one either under fatigued
conditions or nonfatigued conditions. An arm ergomecter
was used to induce the fatigue. On day two both groups
performed under nonfatigued conditions. It was found that
the fatiguc caused small but statistically significant
decrements in learning. The authors suggested that the

significant finding was the result of the maintainence

8Margaret Godwin and Richard Schmidt, ''lluscular
Fatigue and Lcarning a Discrete Motor Skill," Research
Quarterly, 42 (Dccember, 1971), 374.
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of the severe fatigue throughout the practice period.
Contradictory findings have been reported concerning
the role of physical fatigue on learning fine motor skills,
The findings of Alderman? and Carronl0 suggest that local
muscular fatigué, when introduced into a fine motor learning
situation, was a performance variable, but not a learning
variable. Godwin and Schmidtll have found localized fatigue
causes learning decrements and Nunneyl2 found the same re-
sult under gencral fatigue. The conflicting nature of
the findings reported to date pertaining to the role of
fatigue in motor learning suggests a need for further

investigation.

STUDIES RELATED TO THE INFLUENCLE OF FATIGUE
ON LEARNING GROSS MOTOR SKILLS
Most of the movement s5kills taught in physical
education and related fields, such as recreation and
athletic programs, are basically gross motor skills, i.e.,
skills involving total body movement. Several studies
have been reported which explore the influence of physical

fatigue upon gross motor learning.

10Carron, loc. cit., p. 682,
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Bensonl3 conducted a study to determine if practice
during a state of fatigue influenced the rate or amount of
learning in a jumping task and in a juggling task.

Forty-one male college students were randomly
assigned to two groups. Two tasks were learned; a juggling
task and a jumping task with both speed and accuracy scores
recorded for both tasks. One group practiced the jumping
task in a fatigued state, the second group followed the
same procedure except the task order was reversed. Fatigue
was imposed by regulating resistance on a bicycle ergometer
to an intensity which developed a heart rate of 180 beats
per minute and sustained this rate for an additional two
minutes. Eleven practice sessions were scheduled over a
six week period. It was found that 1) learning the speed
component of the jumping task was impaired by the fatigue;
2) learning the accuracy component of the jumping task was
aided by practice in the fatigued state; and 3) learning to
juggle was also enhanced by practice in the fatigued state.
The author concluded that fatigue had a differential effect
upon motor learning depending upon the nature of the task
being learned. Benson suggested that the overall time
allotted to learning the task (six weeks) and the nature of

the imposed fatigue (heavy general fatiguec rather than local)

1:"Da\rld W. Benson, "Influence of Imposed Fatigue on
Learning A Jumping Task and A Juggllng Task,'" Research

Quarterly, 39 (lay, 1968), 251.
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could have been responsible for the significant results.
It was further suggested that because of the fatigue the
learner adopted different perceptual and motor responses
in order to exccute the skill.

Schmidt1l4 investigated the influence of two bicycle
ergometer work bouts on learning a gross motor balancing
skill using the Bachman ladder task. Two experimental
groups and a control group practiced the task ten times on
the learning day. The trials were spaced by nincty seconds
in which either work or rest was introduced. Two days later
the groups performed four trials with rest periods in between.
The fatigue was shown to have caused a performance decremcnt
on the learning day but no differences in learning resulted
when the second day performance scores were analyzed.

Bartz and Smithl® sougiit to discover the influence
of moderate fatigue upon learning a balancing task performed
on a stabilometer. A modification of the Balke Treadmill
test was used to induce fatigue. They found that although
the exercising subjects had elevated heart rates, the scores
did not differ significantly {rom the scores of the non-

exercising subjects. They warned however:

l4pjchard A. Schmidt, '"Performance and Learning a
Gross iotor Skill Under Conditions of Artificially Induced
Fatigue,'" Research Quarterly, 28 (slay, 1957), 47.

15Douglas . bBartz and Leon E. Smith, "Effect of
Moderate bkxecercise on the Performance and Learning of a (ross
Motor Skill," Perceptual and ilotor Skills, 31 (August, 1970),
187.
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Studies should be evaluated in terms of relative
workloads, duration of rest intervals, and type of
skill being lcarned (complexity and duration) before
any attempt is madc to generalize and derive practical
application from thesc specific research findings.

Phillipsl6 used two motor learning tasks and three
groups, each experiencing a different level of physical
fatigue, to determine if learning was influenced by inter-
polated physical fatigue. A stabilometer task and a rho
task served as the learning tasks. Localized fatigue and
heavy general fatigue was introduced prior to practice of
both tasks. Tane control hroup rested. It was found that
physical fatigue had no effect on motor learning for these
fatigue levels and learning tasks. The conclusion was made
that learning resulted from practice in terms of the number
of practice trials rather than from the quality of the
performance.

The studies reviewed in this section were in general
agreemcnt that fatigue does not influcnce the learning of
gross motor skills. The wide variation in types of learning
tasks and methods of inducing fatigue make it difficult to
draw definiteconclusions about fatigue and motor learning.
The differential findings of Bensonl7 also add to the

uncertainty surrounding the role of fatigue in the learning

of gross motor skills.

16wWilliam . Phillips, '"The Effect of Physical
Fatigue on Two Motor Learning Tasks,' Doctoral Dissertation
(Unpublished), University of California, 1962.

17Benson, loc. cit., p. 251.
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STUDILS RLLATLD TO THE INFLUENCE OF FATIGUL
ON MOTOR PERFORMANCE

There has been a great dcal of rescarch reported
dealing with the effect of physical activity, and its
resulting fatigue, on motor performance. Only selected
studies have been reviewed to outline the general findings.

Phillip518 conductcd a study for the purpose of
determining the cffect of severe warm up activities on speed
of pcrformance of a standardized 1limb movement. Threce
groups (n = 25) werec tested under experimental and control
conditions. DBoth a related warm up and an unrelated warm up
were used as well as the control condition. Kesults indi-
cated that thc rclated warm up did not significantly
increase the speed of the criterion movement, but that the
nonrelated warmup resulted in significantly faster movement
times than the control group for all the test periods.
Neither warm up influenced reaction time.

An investigation of thc influence of warm up on the
speed of arm movement was conducted by Lotter.19 The testing
apparatus was a bicycle crank attached to the wall with no

resistance applicd. The subject turned the c¢rank as fast

18yi11iam 1. Phillips, "Influence of Fatiguing
Warmup txercises on Speed of Movement and Keaction Latency,"
Research Quarterly, 43 (Uctober, 1963), 370.

19\\illard S. Lotter, "Lffects of Fatiguc and
harmup on Speed of Arm wsiovements," Resecarch guarterly,
30 (rarch, 1959), 57.
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as possible for four minutes, either under a control
situation or following a warm up exercise. The warm up
treatment consisted of stationary running while simulta-
neously rotating both arms in a complete circle, alternating
first forward then backward. It was found that the pre-
liminary exercisc had no effect on the speed of the arm
cranking test,

Skubic and Hodgkinszo reported a study in which
thirty-one women physical education majors, divided into
three groups, participated in a series of tests to determine
the influence of light physical activity on measures of speed,
strength and accuracy. The spced test was a one-tenth mile
ride on a bicycle ergoncter; strength was measured by the
distance a softball could be thrown; and accuracy was
measured by the number of successful basketball frece throws
a subject could score in ten tries.

The measuring tests were performed under conditions
of no warmup, a gecneral warmup, and a task related warmup.
An analysis of the data showed that there were no signif-
icant differences among thc three types of warmup procedures
on the test performance.

Welch?l conducted a study to determine whether

Z0yera Skubic and Jean Hodgkins, "Effect of Warmup
Activities on Spced, Strength and Accuracy,'" Research

Quarterly, 28 (May, 1957), 147.

2lMarya Welch, "Specificity of Heavy Wwork Fatigue:
Absence of Transfer from licavy Leg Work to Coordination
Tasks Using the Arms,' Research Quarterly 4 (llay, 1969), 402.
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heavy work fatigue would transfer from the legs to the arms.
Leg fatigue was induced through a stepping exercise in which
the subject stepped on and off an eighteen inch bench at a
rate of sixty mounts per minute. The motor performance
tasks used were the rho test (speed) in two forms (ecasy and
difficult), and the pursuit rotor test. It was hypothesized
that fatiguc would transfer from the leg work to impair the
arm performance tasks. No significant differences were
found between the exercise groups and the control groups on
any of the tasks. In fact, the experimental groups per-
formed slightly but not significantly better than the
controls.

A study was designed by Evans22 to examine the
effects of heavy physical work and high terrestrial
environment upon the motor task of pistol firing. The
heavy physical work was undertaken on a treadmill walking
as fast as possible at a grade of five percent until work
decrement levels of zero percent, ten percent, and thirty
percent were achieved. The trcadmill spced was regulated
by the individual and the work load calculated from feet
per minute traveled. Six subjects walked to the four
levels of fatigue with instructions for either rapid or

accurate firing. Results indicated that accuracy was not

Zzw. 0. Evans, "Performance of a Skilled Task
After Physical Work or in a iligh Altitude Environment,"
Perceptual and Motor Skills, 22 (1966), 371.
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affected by the fatigue treatments but that an increase in
firing latency did result from the treadmill walking.

Witte?3 used junior high school girls as subjects
for a study to determine if accuracy measures changed in
relationship to the amount and intensity of exercisc among
skilled and unskilled performers. A skilled and unskilled
group performed a task in which a twelve inch softball was
thrown at a target twenty-one inches in diameter from a
distance of twenty-seven feet. Three levels of exercise,
light, moderate, and heavy, were administered as the treat-
ment variables. The levels were determined by monitoring
heart rates. It was found that no differcnces existed
among the three levels of treatment on throwing accuracy for
either the skilled or unskilled. Unskilled subjects showed
greater accuracy following exercisc at all three levels of
fatigue than they did following no exercise.

Kendrick?4 conducted a study to determine the
effects of fatigue on performance in selected gross motor
skills, and to determine the effects of a five minute

recovery period after induced fatigue on subsequent

23F. Witte, "Effcct of Participation in Light,
Medium and leavy Exercise Upon Accuracy in Motor Performance
of Junior High School Girls," Rescarch Quarterly, 33 (1962),
308.

24Larry L. Kendrick, "Performance In Selected Gross
Motor Skills Before and After Fatiguing Exercise,' Doctoral
Dissertation (Unpublished), Louisiana State University,
1967.
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performance of selected gross motor skills. The fatiguc was
induced through a bench stepping work bout and the gross
motor performance skills included the basketball free throw,
basketball jump shot, vertical jump, total body response
accuracy, and tkenty yard sprint. A pre-fatigue skill test
was adminisfered followed by the work bout and the post-
fatiguc skill test. The post-recovery skill test was
administered following a five minute recovery period.

It was concluded that fatigue impaired physical
performance that demanded strength, endurance and rapidity
of response involving total body movement. It was also
concluded that general body fatigue did not influence the
fine motor skill components.

Vines23 conducted a study to determine if fatigue
influenced factors of motor performance such as accuracy,
reaction time, and the combination of the accuracy of
response.

Arm fatigue was induced through an all-out work
bout on a spring device. The test for accuracy was dart
throwing and the reaction time test was movement away from
a switch on a sound stimulus. One group took a pre-test
on the accuracy test followed by the fatigue inducement
and the re-test on tihc accuracy test. The second group

followed the same procedure for the reaction time test,

25Roland H. Vines, "The Effect of Localized Fatigue
on Accuracy, Reaction Time, and the Combined Performance of
Accuracy and Reaction Time," lhaster's Thesis (Unpublisied),
Louisiana State University, 1966.
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and a third group was tested in the same manner using both
variables. It was found that reaction time was not affected
but that accuracy was adversely affected.

h1b0126vstudied the effects of various forms of
strenuous exercise upon the response of men. Fatigue was
induced tnrough stool stepping, push ups and extended
athletic activity. Thec responses tested were; finger
response, hand response, and body response. It was found
that stool stepping and push ups caused no significant
changes in response time, but athletic activity improved
response time in each type of response tested. It was
suggested, however, that motivational factors may have been
responsible for the improved responses.

Van Huss and others27 found that an overload warm-
up activity had a significant effect on velocity in baseball
throwing. Fifty subjects threw a regulation five ounce
baseball ten times measured for velocity and accuracy
following a standard warm up. The subjects later repeated
the ten throws measured for speed and accuracy following an
overload warm up consisting of fiftcen throws with an eleven

ounce baseball. It was found that the overload warm up

<6y, R. Llbel, "A Study of Response Time Beforc and
Af ter Strenuous Lxercise,'" Research Quarterly, 11 (May, 1940),
80 - 95.

27W. D. Van hHuss, L. A. Allruct, R. Nelson and
R. Hageman, "Effect of Overload Warmup on tie Velocity and
Accuracy of Throwing,'" Rescarch Quarterly, 33 (October,
1962), 472-275.
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throws were significantly faster than the throws preceded
by a standard warm up. Significantly different patterns
were found among individuals on successive throws in accu-
racy response, but no group differences werc found.
The studies cited in this section reported a
divergence of findings. Due to the differences in type
of task and imposed fatigue used no firm conclusions wecre
reached in relation to the influence of fatigue upon per-
formance. In each case where severe or heavy preliminary
activity precceded the performance, some type of significant
finding resulted.28,29,30,31,32
STUDIES RELATED TO PRODUCING STANDARD
WORKLOADS AND HEART RATE RLSPONSES
In the realm of fitness testing and sport's medicine
it has been necessary to construct standardized workloads
capable of producing reliable physiologic responses. The
three most common mcthods of standardizing workloads are

bench stepping, as used in the narvard Step test33 and its

28phillips, loc. cit., p. 370

29Kendrick, loc. cit,.

30hvans, loc. cit., p. 371

31Vincs, loc. cit.

32Van luss, loc. cit., p. 472,

33, Brouha, N. W, Fradd and B. M. Savage, ''Studics
in Physical Lfficiency of College Students," Research

Quarterly, 15 (1944), 211.
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modifications;34’35’36 bicycle ergometer workloads, as used
in the Astrand and Rhyming Nomogram;37 and treadmill walking
as used in the Balke Treadmill test.38

The most connmnon paramcter measured to determine the
influence of thé work bout is incrcase in heart rate. lieart
rate is easy to monitor and correlates linearly with oxygen
uptake which is considered to be the best index of a person's
cardiovascular condition.3® For practical purposes, exercise
heart rate is the easiest gauge of physiologic adaptation
to physical exertion to obtain.

Several studies have been conducted to establish
the reliability of heart rate during exercise or physical

exertion.

345. L. patterson and Associates, "Evaluation and
Prediction of Physical Fitness, Utlizing sodificd Apparatus
of the hiarvard Step Test,'" American Journal of Cardiology,
14 (1964), 811. T

35vera Skubic and Jean liodgkins, ''Cardiovascular
Efficiency Test for Cirls and Women,' Research Quarterly,
35 (1963), 191.

36R. Gallagher and L. Brouha, "A Simple Method of
Testing the Physical Fitness of Boys,'" Research Quarterly,
14 (1943), 23.

37p. 0. Astrand and I. ¥m1n , ""A Nomogram for
Calculation of Acrobic Capacity (Physical Fitness) from
Pulse Rate During Sub-maximal Work.' Journal of Applied
Physioleyy, 7 (1954), 218.

38B Balke, G. P. Grillo, E. B. Konecci and U. C.
Luft, "Work Capacity After Blood Donation,' Journal of
Applied Physiology, 7 (1954), 231.

39peter V. Karpovich, Ph siology of lLuscular
Activity (Philadelphia: W. . Saunders Co., 19066), p. 283.
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Alderman?? conducted a study to determine test-
retest reliability for time scores on the bicycle crgometer
for producing heart rates up fo 180 beats per minute. Forty
male college students pedaled at a rate of 45.45 pedal rpms
starting with a resistence of .25 Kgm with 50 Kgm added each
minute until the 180 rate was recached. A second bout was
held forty-cight hours later. The following correlation
coefficients were found at ten heart rate intervals from
150 to 180 beats per minute. (At 140 beats per minute

r = .818; at 150, r = .856; at 160, r = .894; at 170, r =

.888; and at 180, r .856.) The rcsults of this study showed
that time scores increased in recliability from 100 to 160
per minute, but that no further increase in rcliability
occurrcd from 160 to 180 beats per minute. It may be con-
cluded from this study that an individual when exposed to
the same work load on different occasions will respond
consistently in terms of heart rate increasc.

Interindividual differences in heart rate response
was the subject of another study by Alderman#! in which forty
college students were tested on four separate occasions on

a bicycle erogometer. The first two bouts consisted of

pedaling at a rate of 100 wheel rpms and the second two

40ichard B. Alderman, "Reliability of Individual
Differences in thc 180 lleart Rate Response Test in Bicycle
Ergometer Work,' Research Quarterly, 37 (1966), 429.

41Richard B. Alderman, "Interindividual Differences
in lieart Rate Response to Bicycle Lrgometer Work," Research

Quarterly, 38 (1967), 323-329.
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consisted of pedaling at a rate of 120 wheel rpms. The
frictional resistence was progressively increasced by one
half kilogram per minute at the end of each minute until a
heart rate of 180 was achieved. The scores were timec
readings taken at each ten beat heart rate level between
100 and 180.

It was found that there were no significant differ-
ences between test and retest exercise times at any lcvel of
heart rate. A correclation coefficient or r = ,875 was
calculated for the two work loads at the 180 heart rate level.
It was concluded that '"individual differences in heart rate
response at two different wierkloads within the same task
showed high generality.42

Nagle and Bedecki43 investigated heart rate response
to treadmill running. Forty-four subjects performed an all-
out run on a treadmill with an initial speed of 3.5 niles
per hour and a five percent grade. Both speed and grade
were gradually increcased to 5.6 miles per hour and ten
percent respectively. The times for heart rates of 150,
160, 170 and 180 beats per minute were recorded. A
correlation of .85 was found at the rate of 180 beats per
minute. It was also found that corrclations between heart

rate times and the all-out run times increased with the

421pid.

43Francis Nagle and Thomas Bedecki, '"Use of the
180 Heart Rate Response as a ileasure of Circulorespiratory
Capacity,' Research (uarterly, 34 (1963), 361.
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heart rate.

The studies reviewed in this section present
evidence that individual heart rate response to identical
repeated workloads is highly reliable. Partially respon-
sible for this finding is the readily reproducible work loads

made possible by the bicycle ergometer and treadmill.
GENERAL SUMMARY

It cannot be stated at this timc whether physical
fatiguc is a significant factor influencing motor learning.
There is some evidcnce that fatigue adversely affects motor
learning.44,45 One study was reported in which fatigue was
found to both enhance and hinder motor lcarning.46 Several
studies have found that physical fatiguc has no influence
on motor 1earning.47:48’49»50 There is also an absence of
evidence related to the relationship between learning

conditions and performance conditions.

44Nunney, loc. cit., 309.

45Godwin, loc. cit., p. 374.
46Benson, loc. cit., p. 251
47plderman, loc. cit., p. 131.
48carron, loc. cit., p. 682.
49Bartz, loc. cit., p. 187.

50phillips, loc. cit., p. 370.
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The review of studies related to physical fatigue
and task performance revealed that severe fatigue induced
prior to performance generally had detrimental effects on
the performance scores. It was generally found that in
studies where light or moderate fatigue was induced, per-
formance scores were not influenced significantly.

The studies related to producing standard work loads
and heart rate responses indicated that standardized work-
loads tend to produce reliable heart rate responses,
particularly in studies where the bicycle ergometer and

treadmill were used.



CHAPTER II1
EXPERIMENTAL PROCEDURES
OVERVIEW OF PROCEDURL

This study was conducted for the purposes of
determining (1) if the effects of practicing a novel gross
motor task while in fatigued and nonfatigued conditions,
were reflected in subsequent performance of the task, and
(2) if practicing while in a fatigued state influenced the
learning resulting from that practice. The data for this
study were obtained from a learning and a performance phase.

Three groups, each composed of twenty-seven male
college students, participated in the study over a two
week period of time. During the first week, eacnh group
practiced a novel gross motor task under a specific level
of physical fatigue. One group (Group H) practiced the
task under a condition of heavy fatigue. The second group
(Group M) practiced the task under a condition of moderate
fatigue. The third group (Group N) practiced the task under
no fatigue. Each subject had six practice trials; two
trials each day for three days with a forty-eight hour
period between practice days. The trials were immediately
preceded by either a work bout on a bicycle ergomcter, as
with Group H and Group M, or by resi, as with Group n.
kxercise heart rate was used as the physical fatigue

31
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criterion. The moderate fatigue criterion was set at 150
beats per minute, and the heavy fatigue criterion was set
at 180 beats per minute. Thé moderate fatigue subjects
worked at a rate of 600 kilopond meters per minute for
approximately five minutes. The heavy fatigue subjects
worked at a rate of 900 kilopond meters per minute for five
to six minutes. The subjects who practiced the task
under no fatigue performed no preliminary ergometer work.
The six practice trials will henceforth be referred to as
the learning phase of the study.

During second week each subject again performed six
trials of the novel gross motor task. The procedures
were the same except each of the three days the subject
performed two trials under a differcnt fatigue condition.
At the end of the week the subject had performed under all
thrce fatigue conditions. These seccond wecek trials were
considered as performancc trials and not as learning trials,
since the learning was assumed to have taken place during
the first week trials. The second week trials will hence-
forth be referred to as the performance phase of the study.

The data gathered on each of the eighty-one subjects
consisted of six practice trial scores all obtained while
the subject was under one specific condition of physical
fatigue, and thrce mean performance trial scores, onec for
cach of the physical fatigue conditions.

The learning and performance phase data werc

analyzed by analysis of variance techniques.
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SUBJECTS

Eighty-one male college students ranging in age
from seventeen to twenty-seven years and enrolled at
Tulane University, New Orleans, Louisiana, during the
summer and fall semesters 1971 served as subjects for this
study. The subjects were randomly assigned to three experi-
mental groups, each group composed of twenty-seven subjects.

Each subject was interviewed prior to the beginning
of the study to explain the procedures to be followed in
collecting the data, describing the responsibilities incum-
bent upon each participant, and familiarizing the subject
with apparatus used in the study. The novel gross motor
task used in the study was explained and demonstrated to the
subject as part of this orientation.

A subject was dropped from the study if he 1) missed
a practice session during the learning phase of the study,
or 2) if he missed a performance session during the per-
formance phase which was not made up within twenty-four

hours.
DESCRIPTION OF THE TASK

Apparatus and Testing Area. Apparatus used in the

task performance included a standard volley ball, an eight
inch cylindrical badminton shuttlecock container (which will

be referred to as the tee), a standard basketball gocal
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attached to a backboard and mounted two feet above the floor,
a regulation squarec basketball backboard, and a stop watch.

The task was practiced and performed on one end of
a basketball court as seen in Figure 1. A triangular coursc
was laid out on the basketball court, each leg of the course
being forty-five feet in length. Each of the legs was
divided into thrce zones fifteen feet in length.

The Task. The task began at one corner of the
triangular course with the subject picking up the volley-
ball balanced on the tee. While balancing the ball on the
tee, the subject moved as rapidly as possible along the
first leg of the course to the first station, shown in
Figure 2. At the first station the subject placed the tee
and ball on the floor three feet from the nearest edge of
the rim of the low basketball goal. The subject attempted
to kick tihe ball from the tee into the goal as depicted in
Figure 3. At this station the subject was rcquired to kick
the ball into the goal or to make ten unsuccessful kicking
attempts, whichever camec first. After fulfilling the re-
quirement at the first station, the subject again picked
up the ball,'placed it on the tee and moved as rapidly as
possible to thc next station. At this station the subject
was required to pitch the ball from the tee against the
standard basketball backboard and attempt to catch the
rcbounding ball on the tee as vicwed in Figure 4. The
pitch was made seven feet from the Backboard and the subject

was allowed to move wherever he wished to control the
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Figure 2

Subject Illustrating Run with

Ball Balanced on the Tee
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Figure 3

Subject Illustrating Kicking Ball From
Tee Into Low Basketball Goal

At Station One
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Figure 4

Subject Illustrating Pitching and
Catching Technique at

Station Two
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rebounding ball. Following an unsuccessful pitching attempt,
the ball was retrieved and pitched again. The task require-
ment of the station consisted of either catching the
rebounding bLall or making ten unsuccessful attempts to

catch the rebounding ball, whichever came first. After
fulfilling the requirements of this station, the subject
returncd along the third leg of the triangle to the starting
position where the tee and ball were placed on the floor.

If during the course of moving from one station to another,
control of the ball was lost, or it was dropped, the subject
retrieved the ball and returned to the beginning of the zone
in which control was lost, before continuing. One trial
consisted of covering the triangular course five times. The
score, rccorded on a stop watch, was the length of time in

seconds required to complecte the five circuits.
PILOT STUDY

A pilot study was conducted prior to the experiment
to determine if the task in question was a learning task.
Fourteen male college students practiced the task four times.
When the mean of the first two scores was compared with the
mean of the last two scores, the t-test for matcued groups
revealed that the scores differed significantly in favor of
trials three and four. It was concluded that learning did
take place.

It was noticed that after four practice trials the

improvement increments were quite small. It was decided
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as a result of this observation that six practice trials
would be sufficient for the learning phase of the study.

(See Appendix F)

PHYSICAL FATIGUE CRITERIA

Three physical fatigue conditions were used in the
study. The conditions were called nonfatigue, moderate
fatigue and heavy fatigue. The fatigue conditions were
administered to the subject immediately before starting the
first trial each day. The criteria established for each
condition are described below.

Nonfatigue. The subject's resting heart rate taken

after five minutes in a sitting position was considered the
criterion for the nonfatigue condition.

Moderate fatigue. The moderate fatigue criterion

was an exercise heart rate of 150 beats per minute produced
through a work bout on a friction type bicycle ergometer.
The work load was 600 kilopond meters per minute sustained
for approximately five minutes.

lleavy fatigue. The heavy fatigue criterion was an

exercise heart rate of 180 beats per minute produced through
a work bout on a friction type bicycle ergometer. The work
load was 900 kilopond meters per minute sustained for three
to four minutes. After the 180 heart rate was achieved, the

work continued an additional two minutes.
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PROCEDURES FOR APPLYING FATIGUE TREATMENTS

Two trials were given each day the subjects
reported to the testing areé for both the lcarning phase
ahd the performance phase. The following stcps were
.followed in applying the physical fatigue treatments.

1. The subjcct was asked to report to the test site
five minutes early and to wait quietly in an adjacent room.

2. The subject was called to the test area and
seated on the bicycle cergometer. A resting hcart rate
count was taken after five minutes. All heart ratc measure-
ments wcre taken by palpating the radial artery of the
subjéct's left wrist.

3. If the subject was in the nonfatigue group, the
first trial began immediately following the resting heart
rate count.

4. The moderate fatigue subjects pedaled at a rate
of fifty pedal revolutions per minute, which corresponded
to a rate of twenty kilometers per hour read from the speed-
ometer. The resistance was set at two kiloponds.

5. The exercise heart rate was monitored the last
fifteen seconds of each minute. Slight adjustments in the
frictional resistance were ftade to assure arrival at the 150
beat per minute criterion level at the five minute mark.

6. At the command '"stop'" the subject dismounted
from the ergomcter and walked five steps to the task starting

point. The task tinc began as the subject crosscd the



42

starting line and ended when he crossed the finish line.

7. The same procedurcs were used for the heavy
fatigue treatment except the frictional resistance was set
at three kiloponds.

8. At the completion of the first trial the heart
. rate was taken again.

9. The task was inherently fatiguing and the sub-
jects' heart rates were elevated to an average 6f 160 beats
per minute at the completion of the first trial. The non-
fatigue group subjects rested in a sitting position until
the resting heart rate was restored before starting the
second trial.

10. The moderate fatigue group subjects rested in a
standing position until the 150 heart rate criterion was
attained. Generally, the heart rate level was only elevated
a few beats above the criterion level at the end of the first
trial, and therefore, the heart rate was monitored contin-
uously until the heart rcturned to the 150 beat per minute
level.

11. The heavy fatigue group subjects' heart rates
were monitored at the conclusion of the first trial; if the
rate was 180 beats per minute or higher the second trial
began immediately. If the heart rate was lower than 180
beats per minute, the subject resumed the ergometer work
until the heart rate was again 180 beats pur minute. At

this point the second trial began,
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DATA RECORDING PROCEDURES

1. The study was conducted in three two-week testing
periods. In order to climinate any possible bias, an equal
number of subjects from each learning group were tested
. during each of the threc testing periods.

2. The subjects werc randomly assigned to learning
groups.

3. Subjects were dropped from the study for missing
a scheduled learning trial or missing a scheduled performance
trial which was not made up within twenty-four hours.

4. Subjects were required to appear for testing at
the same time of day each day within a margin of one hour.

S. The subjects were not told the exact nature of
the study; only that they were to perform to the best of
their ability on each trial.

6. A resting heart rate and final exercise heart
rate werc taken and recorded for cach subject all six days.
(Sec Appendix G)

7. During the performance phase of the study, the
order of the fatigue conditions was counter balanced in
order to rule out learning or conditioning gains which might
have accrued from the sccond week trials. The counter
balancing was accomplish.d by assigning a similar number of
subjects from each learning group to six subgroups. Lach
subgroup perforied following a different rotation of the

fatigue conditions.
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8. The task scorec was considered to be the time

in seconds which was required to complete the task.
PERFORMANCE PROCEDURES

1. The stop watch was started when the subject
"initially touched the tec and volleyball.

2. The subjcct was allowed to carry the tee in
either hand, but was requircd to grip below the middle of
the tec,

3. The subject was instructed to "move as fast as
you can'" in order to get {rom onc station to the next,

4. 1If the ball was dropped from the tee, or in
the judgement of the experimenter, the subject did not have
complete control of the ball, the subject returned to the
beginning of the zone through which he was passing before
continuing.

5. Both the subject and the experimenter counted
the kicking and pitching attempts as well as the number of
circuits during the trial,.

6. The subject was made aware of the trial score
and encouraged to strive to beat that score on the next
trial.

7. The subject was required to wear tennis shoes

and to dress in gym apparcl.
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ANALYSIS OF THE DATA

The data gathered on each of the eighty-one subjects
consisted of the six practice trial scores, all obtained
while the subject was under one specific condition of
physical fatiguc, and three mean performance trial scores,
one under each of the physical fatigue conditions.

The primary problem of the study was to determine
if practicing a novel gross motor task under a specific
level of physical fatigue influenced the subsequent perfor-
mance of that task when performed under differing conditions
of physical fatigue. The problem was further defined by
hypothesis one. A novel gross motor task practiced under a
specific level of physical fatigue, would subsequently be
performed best under that same level of physical fatigue.

To test this hypothesis, the three performance phase scores
of the thrce learning group subjects were compared using a
three by three split plot analysis of variance.?!

The second problem was to determine if different
levels of physical fatigue introduced prior to practicing
a novel gross motor task influenced the ‘learning resulting
from that practice. Lypotheses two and three are related

to this problem. IHypothesis two stated that motor learning

lGeorge W. Snedecor, Statistical Methods (Ames,
Iowa: Iowa State University Press, 1956), p. 366.
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would result from practice regardless of the fatigued
condition of the learner and hypothesis three stated that
the greater the physical fatigue condition of the learner
during practice the less the learning that would result

from that practice. To test these hypotheses the six learn-
ing phase scores were compared using a three by six split

plot analysis of variance.?

Z1bid.



CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA
INTRODUCTION

The data for this study were collected in two
phases, a learning phase and a performance phase. The
learning phase data consisted of six practice trial scores
obtained from eighty-one subjects assigned to one of three
groups (n = 27). Each group practiced the learning task
under a different physical fatigue condition, i.e. heavy
fatigue, moderate fatigue or nonfatigue. The performance
phase data consisted of three performance trial scores for
each of the eighty-one subjects; one under each of the three
physical fatigue conditions. The scores are found in
Apendixes B through D.

An analysis of variance using a three by three split
plot design was utilized for the performance phase scores.
This statistical design first determined if significant
differences existed among the learning groups in mean per-
formance under the three fatigue conditions. Secondly, the
design determined if significant differences existed among
the three performance fatigue conditions, that is, the mean
performance of all eighty-one subjects under heavy, moderate
and nonfatigue conditions. The design also indicated if
there was an interaction cffect between learning and

47
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performance conditions.

An analysis of variance using a three by six split
plot design was employed for the learning phase scores.
This statistical design was used to compare scores of the
learning groups, the practice trials, and the interaction
effect between groups and trials.

ANALYSIS OF THE PERFORMANCE
PHASE DATA

Table I presents a summary of the analysis of
variance of the performance phase scores. The F-test to
determine if the learning groups differed significantly in
mean performance under all the physical fatigue conditions
was not significant. This comparison indicated that when a
learning group's total performance under all fatigue con-
ditions was computed as one mean or average score, the
average performances by learning groups were not signifi-
cantly different. Table 2 shows the learning groups scores
under each fatigue condition in rows and the performance
condition scores by learning group in columns. The average
learning and performance effects, defined as the diffcrence
between each row or column mean and the grand mean, are also
shown,

The F-test to determine the significance of the
differences in the performance conditions was significant,
(F = 4,35 P <.05). This significant result indicated that

when the total performance for the three fatigue conditions



Table 1

Analysis of Variance of the Performance Phase Scores
of ELighty-one Subjects Performing Under
Three Physical Fatigue Conditions

Source of Degrees of Sum of Mean

Variation Frecedom Squares Square F P
Learning Groups 2 18071.61 9035.81 .84 N.S.
Subjects/Group 78 835064.96 10705.96
Performance Conditions yi 8767.34 4383.67 4.35 .05
Learning Group
Performance Condition 4 10785.99 2696.50 2.67 .05
Residual 156 157367.33 1008.77
Corrected Total 242

6V
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Tabtle 2

Mean Performance Scores of Lighty-one Subjects Performing
Under Three Conditions of Physical Fatigue Showing
Average Learning Lffects and
Performance Lffects

Average
Perf. Perf. Perf Row Learning
H M N Mecans Lffect
Learning
H 190 183 199 191 -12
Learning .
M 225 193 203 207 4
Learning ;
N 217 ! 211 202 | 211 8
| J
Column
Means 211 196 202

Grand Mean 203

Average Perf.
Effect 8 -7 -1

Task Score in Seconds

tl = lleavy Fatigue
M = Moderate Fatigue
N = Non fatiguc
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were compared, they were found to differ significantly.

It was found that performance under moderate fatigue condi-
tions was significantly superior to performance under heavy
fatigue conditions as indicated by Table 3.

The third F-test for the interaction between learning
condition and performance condition was significant at the
.05 level of confidence. This indicated that the combined
effects of learning conditions and performance conditions
resulted in significant differences in mean group perfor-
mances. The interaction effect was examined by finding the
difference between the grand mcan and the mean performance
scores by learning groups (average learning effect). Sec-
ondly, the differencc between the grand mcan and the mean
performance scores by performance condition (average
performance effect) was found. (See Table 2, Page 50) The
average learning c¢ffect and average performance effect were
combined and the sum of the two effects were either added to
or subtracted from each learning group's performance scores.
Table 4 presents the mcan performance scores for the three
learning groups performing under the three fatigue conditions
adjusted for learning and performance effects. Keeping in
mind that the smaller scores are the better scores, it can
be seen in Table 4 that the heavy fatigue learning group
performed best under the heavy fatigue performance condition;
the modcrate fatigue lcarning group performed best under the

moderate fatigue performance condition; arcd the nonfatigue



Table 3

Orthogonal Comparisons Indicating the Significance of the Difference
Among Fatigue Learning Groups Under

Three Performance Conditions

Source of Degrees of Sum of Mean

Variation Freedom Squares Square F P
Performance Group (2) (8767.34)
lieavy versus Moderate 1 8702.32 8702.32 8.69 .01
Residual Variance 1 65.02 65.02 .064 N.S
Residual 156 157367.33 1008.77

Zs
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Adjusted Mean Performance Scores of Eighty-one Subjects
From Three Learning Groups Performing Under
Three Physical Fatigue Conditions

Row
Perf. H Perf. M Perf. N Totals
} ¢ |
Learning f !
H 194 ‘ 202 212 608
! ‘ ;
Learning 3 ; ;
M 213 f 196 200 @ 609
Learning f :
N 201 | 210 : 195 J 606
Column Grand
Totals 608 608 607 Mean 203
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learning group performed best under the nonfatigue perfor-

mance condition. This finding substantiated hypothesis 1.
ANALYSIS OF THE LEARNING PHASE DATA

The leafning phase data consisted of six practice
trial scores obtained from cighty-one subjects divided into
three groups (n = 27). Lach group practiced under a ditffer-
ent fatigue condition; heavy fatiguc, moderate fatigue or
nonfatigue.

Table 5 presents a summary of the analysis of
variance of the learning phase data.

The F-test to determine significant differences
among the learning groups was not significant, indicating
that the physical fatigue conditions introduced prior to
practice did not significantly influence the learning of
the criterion task.

The F-test to determine significant differences
among practice trials, was significant at the .01 level of
confidence (F = 90.39 P<.01). The differences in the mecan
practice trial scores were attributed to learning since the
direction or the differences was toward improved performance
as illustrated by Figure 5.

The F-test of the interaction of trials and groups
(fatigue condition) was not significant, indicating that the
three learning groups tendcd to parallel each other in learn-

ing rate as depicted in Figure 6.



Table 5

Analysis of Variance of Learning Phase Data of Three Groups Of
College Men (n = 81) Practicing A Motor Learning Task

Under Three Conditions of Physical Fatigue

Source of Degrees of Sum of Mean

Variation Frcedom Squares Square F P
Learning Group 2 42692.15 21346.07 .67 N.S.
Subject/Group 78 2465988.78 31615.24
Trials 5 1236116.75 247223.35 90.39 .01
Groups/Trials 10 33647 .45 3364.74
Residual 390 1062185.96 2723.55 1.85 N.S.
Corrected Total 485

SS
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1 2 3 4 5 6

Trials

Figure 5

Mean Practice Trials For Eighty-one
Subjects Plotted by Trials
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Learning Group Hh
Learning Group M -----<---------
Learning Group N ~.-.-.-.-.-.-.~

Figure 6

Mean Practice Trial Scores Plotted For
Each Group by Trial
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DISCUSSION OF ANALYSIS

Three hypotheses were tested from the data gathered
in this study. Hypothesis 1 postulated that a novel gross
motor task practiced under a specific level of physical
fatigue would subsequently be performed best under that same
level of physical fatigue. This hypothesis was substantiated
by the significant interaction effect obtained from the
analysis of the performance data. This interaction effect
was shown by the adjusted'cell scores in Table 4. It was
found that Group H performed best under Condition H, Group M
performed best under Condition M and Group N performed best
under Condition N.

Hypothesis 2 postulated that motor learning would
result from practice regardless of the level of fatigue of
the learner. The analysis revealed that all the groups
learned at approximately the same rate as indicated by
Figure 6, in spite of the imposed fatigue.

In hypothesis 3 it was stated that higher levels cf
physical fatigue would have a more adverse effect on motor
learning than lower levels of physical fatigue. The failure
to find physical fatigue a significant learning variable
refuted hypothesis 3.

It has been generally accepted that physical fatigue
has a detrimental effect upon performance of motor tasks.

The analysis of the performance data revealed a significantly
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poorer mean score for performance by the eighty-one subjects
under heavy fatigue than under moderate fatigue. The supe-
rior moderate fatigue performance may possibly be attributed
to a warmup effect.

Analysis of the mean performance scores among the
learning groups did not disclose any significant differences.
Analysis of the learning phase data revealed that the learn-
ing groups did not differ significantly. The mean learning
trial scores proved to be significantly different; the
differences being attributed to learning. The mean score
for learning trial one was 371 seconds. The sixth or final
mean learning trial score was 220 seconds, the difference
between the two being 151 seconds. Of the 151 seconds
difference, eighty-five seconds came from the difference
between trials one and two. It may be seen that most of the
learning took place during the early trials.

In summary, the physical fatigue introduced prior
to practicing a specific novel gross motor task did not
significantly influence learning resulting from that practice
but subsequent performance of the task under all the fatigue
conditions resulted in significantly better performance un-
der the same fatigue condition in which the task was

initially learned.



CHAPTER V
SUMMARY, FINDINGS, CONCLUSIONS AND RECOMMENDATIONS
SUMMARY

The problems of this study were 1) to determine if
practicing a novel gross motor task under a specific level
of physical fatigue influenced the subsequent performance
of that task when performed under differing levels of
physical fatigue, and 2) to determine if different levels of
physical fatigue introduced prior to practicing a novel
gross motor task, influenced the learning resulting from
that practice.

Eighty-one male college students, randomly assigned
to three groups (n = 27), practiced and later performed a
novel gross motor task under either heavy, moderate or non-
fatigue conditions.

The criteria for the fatigue conditions were exercise
heart rate levels. The fatigue was induced through work
bouts on a bicycle ergometer immediately preceding the trial.
The moderate fatigue criterion was 150 beats per minute
obtained after a work bout of approximately five minutes.

The heavy fatigue criterion was 180 beats per minute obtained
after a work bout of five to six minutes. The nonfatigue
subjects performed at resting heart rate levels.

The task consisted of running a triangular course

60
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while balancing a volleyball on an eight inch tee (bad-
minton shuttlecock container). The course was laid out on
one end of a basketball court with each leg of the triangle
being forty-five feet in length. Two performance stations
were located at the corncrs of the triangle. At the first
station the subject attempted to Kkick the ball from the tee
into a basketball goal placed two feet above the floor. At
the second station the ball was pitched against a standard
basketball goal and the subject attempted to catch the re-
bounding ball on the tee.’ One trial consisted of completing
five circuits around the cour.~. The score was the number
of seconds required to complete the trial. Lach subject
practiced the learning task six times under one of the three
levels of physical fatigue. Following the learning phase,
the subjects performed the task under all the physical
fatigue conditions. This part of the study was called the
performance phase.

The study was conducted during the summer and fall
semesters of 1971 at Tulane University in New Orleans,
Louisiana.

The learning phase data consisted of the six
practice trial scores of the eighty-one subjects analyzed
by group. A three by six split plot analysis of variance
design was used to analyze the learning data. The perfor-
mance phase data consisted of a performance score for each

of the eighty-one subjects under cach of the physical
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fatigue conditions. A three by three split plot analysis
of variance was used to analyze the performance phase data.

The hypotheses tested in this study were:

1. A novel gross motor task practiced under a
specific level of physical fatigue would subsecquently be
performed best under that same level of physical fatigue.

2. Motor learning would result from practicing
the learning task regardless of the fatigued condition of
the learner.

3. Higher levels of physical fatigue would have
a more adverse effect on motor learning than lowecr levels

of physical fatigue.
FINDINGS

The findings of this study were as follows:

1. The learning groups did not differ significantly
when total performance mean scores were compared.

2. Performance under moderate fatigue conditions
was significantly better than performance under heavy fatigue
conditions.

3. A significant interaction found in the performance
analysis indicated that learning under a specific condition
of fatigue resulted in superior subsequent performance under
that same condition of fatigue.

4. No significant differences were found among the
learning groups in the rate of learning which resulted from

practicing under different levels of physical fatigue.
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5. The learning trials differed significantly
indicating that learning occurred.
6. The interaction effect of trials and groups

(fatiguc condition) was not significant.
CONCLUSIONS

The findings from the data provided by this study
warranted the following conclusions:

1. The specificity of practice and performance
conditions found in this study indicated that vigorous
sports should be practiced under the same fatigue condition
under which they would subsequently be performed.

2. Motor learning, within the context of this study,
resulted from practice trials despite the physical fatigue
introduced prior the practice trials.

3. Motor learning, within the context of this study,
was not significantly influenced by physical fatigue intro-

duced prior to practice trials.
RECOMMLENDATIONS

It was recommended that the following studies be
conducted:

1. A study similar in decsign to this study but
using a learning task short enough in terms of practice time
to prevent recovery from the induced fatiguc.

2. A study similar in design to this study imploying

a fine motor learning task and local muscular fatigue.
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3. A study to investigate the effect of fatigue
on motor learning among groups in diffcrent stages of physical

training.
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AGE, HEIGIT, WELGIIT, CLASS, LEARNING SCORES ONE THROUGh SIX
PERFORIMANCE SCORES FOR HEAVY, MODLRATE AND NON FATIGUL

FOR GROUP H

Learning Score

Perf. Score

Subj Age lit. Wt. C1. 1 yA 3 4 5 6 1 2 3
1 21 71" 165 Jr. 274 232 163 197 182 165 145 183 181
2 21 72 215 Jr. 341 269 218 185 1735 189 202 179 184
3 18 71" 140 Fr. 320 183 197 160 177 131 186 130 124
4 21 72" 180 So. 253 217 214 161 162 123 140 148 170
5 23 73" 160 Sr. 204 183 170 190 168 177 168 161 156
6 20 70" 180 Jr. 324 261 205 186 178 224 166 193 193
7 20 71'" 160 So. 384 310 286 241 210 211 187 190 250
8 17 69" 140 Fr. 310 223 267 229 245 201 234 138 195
9 19 63" 115 So. 327 291 263 240 188 135 182 165 167

10 18 67" 135 Fr. 377 256 383 405 315 258 187 171 185
11 20 75" 200 So. 440 295 292 249 234 187 189 172 158
12 19 75" 160 So. 268 255 277 199 219 184 138 172 173
13 19 66" 125 So. 174 155 158 215 178 195 127 169 144
14 20 75" 185 So. 400 306 201 281 240 210 215 163 185
15 18 70'" 165 Fr. 286 245 214 201 163 179 201 138 155
160 17 68" 125 Fr. 268 288 175 176 214 195 164 160 189
17 18 66" 130 Fr. 564 443 448 508 534 433 347 432 328
18 17 69" 145 Fr. 398 240 414 282 151 229 188 141 162
19 17 71" 165 r¥r. 430 245 349 315 300 340 276 278 313
20 18 71" 155 Fr. 3006 223 250 195 290 249 149 162 104
21 18 70" 130 Fr. 346 450 346 207 255 302 206 163 237
22 18 75" 210 Fr. 302 201 244 194 195 145 139 149 139
23 18 69" 140 Fr., 534 487 237 297 227 204 184 188 200
24 18 73'" 145 Fr. 577 351 289 382 369 421 3206 320 442
25 18 73" 155 Fr. 288 266 195 185 215 217 177 151 188
26 17 74" 185 Fr. 254 163 180 145 161 152 120 170 155
27 17 71" 160 Fr. 295 156 196 232 202 226 189 164 239
Lcarning and Performance Scores recorded in seconds

Weight recorded in

pounds



APPENDIX C

AGE, HEIGHT, WEIGHT, CLASS,

73

LEARNING SCORES ONE THROUGH SIX
PERFORMANCLE SCORLS FOR tiEAVY, MODERATLE AND NON FATIGUE
FOR GROUP M

Learning Score

Perf. Score

Subj. Age Ht. Wt, Cl. 1 2 3 4 5 6 1 2 3
1 18 73" 175 Fr. 396 181 218 179 200 137 169 167 183
2 26 68'" 165 So. 442 281 255 251 258 188 186 189 177
3 23 70'" 155 Sr. 295 262 233 210 198 187 181 187 162
4 22 71" 195 Sr. 488 257 408 290 310 356 322 251 343
5 17 70" 160 Fr. 240 186 260 187 154 126 159 127 147
6 19 74" 185 Jr. 345 223 265 217 278 156 144 151 162
7 19 72" 155 So. 402 405 243 199 220 196 232 163 102
8 22 75" 270 Jr. 371 190 217 237 189 219 160 123 231
9 19 72' 170 So. 516 510 457 354 417 378 285 347 228

10 18 69" 155 Fr. 293 190 239 147 247 315 210 193 172
11 18 64" 135 Fr. 441 396 347 308 357 380 241 203 223
12 18 70" 165 Fr. 245 205 174 220 192 181 131 149 150
13 19 70" 175 So. 305 259 184 138 149 117 189 139 145
14 19 69" 145 So. 376 306 284 157 2506 281 190 136 173
15 18 72" 160 So. 266 161 222 154 140 156 199 138 125
16 18 67" 125 Fr. 576 575 295 223 283 296 266 227 232
17 21 72'" 150 Sr. 283 199 245 178 199 213 238 165 188
18 16 68" 140 Fr. 436 491 584 366 383 188 201 220 213
19 17 68" 155 Fr. 583 335 250 239 206 186 242 224 205
20 19 70" 135 So. 493 302 336 249 208 332 321 256 225
21 27 72" 230 Sr. 493 447 381 306 473 300 455 366 315
22 21 67' 150 Sr. 421 347 241 208 250 282 244 193 200
23 18 70" 145 Fr. 397 238 253 309 211 245 228 193 186
24 18 70" 150 Fr. 302 236 324 150 194 150 215 167 173
25 18 71" 160 Fr. 409 365 360 206 245 170 233 148 228
26 17 76" 155 Fr. 425 250 302 272 244 255 234 208 276
27 18 70" 160 Fr. 382 368 303 297 226 195 197 186 262
Learning and Performance Scorcs recorded in seconds

Weight recorded in

pounds



APPENDIX D

74

AGE, HEIGHT, WEIGHT, CLASS, LEARNING SCORES ONLE THROUGi SIX
PERFORMANCE SCORES FOR IHIEAVY, MODERATE AND NON FATIGULE
FOR GROUP N

Learning Score

Perf. Score

Subj. Age ht., Wt. Cl. 1 Z 3 4 5 6 1 2 3
1 17 73" 180 Fr. 251 130 132 129 152 101 129 118 131
2 18 73" 136 So. 307 235 268 192 202 209 222 144 168
3 23 72" 180 Sr. 224 214 197 188 167 160 176 155 195
4 18 77" 185 So. 563 346 331 223 317 279 280 304 233
5 18 68" 135 So. 498 500 457 304 327 248 307 281 241
6 23 72" 170 Sr. 428 304 241 184 193 169 204 214 187
7 22 70" 175 Sr. 437 306 256 131 214 156 166 196 193
8 20 72" 180 Sr. 364 215 237 240 209 193 145 172 163
9 19 75" 175 So. 370 325 194 162 184 229 193 204 198

10 17 66" 115 Fr. 221 224 160 179 166 232 167 174 141
11 19 72' 150 So. 281 224 194 174 183 192 256 152 211
12 17 68" 170 Fr. 388 265 190 150 220 192 163 185 178
13 18 69" 210 Fr. 370 397 429 252 381 349 206 277 177
14 19 74" 155 So. 506 249 177 206 244 218 181 204 191
15 21 71" 160 Sr. 343 217 231 201 150 197 158 138 181
16 17 66" 125 Fr. 632 629 480 382 463 468 568 387 501
17 18 71" 145 Fr. 482 326 425 401 304 292 191 189 236
18 18 74" 160 Fr. 263 190 214 185 243 175 216 238 186
19 20 73" 145 Jr. 440 418 379 329 354 212 272 258 333
20 18 69" 170 Fr. 399 297 278 246 216 151 160 247 180
21 18 71" 140 Fr. 321 245 298 229 213 187 145 237 163
22 19 69" 165 So. 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 66" 140 Fr. 214 147 178 137 135 143 168 146 166
25 19 73" 180 Jr. 279 179 277 226 390 242 226 180 145
26 18 72" 150 Fr. 363 265 304 352 281 170 190 226 175
27 18 68" 125 Fr. 418 382 316 214 242 292 316 230 184
Learning and Performance "Scores recorded in seconds

Weight recorded in

pounds
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APPENDIX E

MEAN RESTING LiLART RATES AND MEAN FINAL HEART RATES
FOR SUBJECTS IN GROUPS H, M, AND N

Group H Group M Group N
Subj. MRiiR*  FHR® Subj. MRHR FHR Subj. MRHR FHR
1 19 45 1 18 41 1 19 43
2 21 45 2 19 44 2 26 42
3 21 46 3 20 40 3 21 44
4 19 44 4 19 43 4 18 44
5 18 46 5 22 45 5 22 42
6 25 46 "6 18 44 6 18 37
7 22 47 7 19 43 7 20 43
8 20 45 8 23 44 8 18 39
9 17 51 9 24 44 9 27 46
10 20 44 10 16 43 10 27 47
11 20 37 11 23 46 11 22 44
12 27 48 12 28 46 12 22 48
13 22 49 13 23 43 13 26 48
14 20 42 14 21 43 14 19 40
15 23 406 15 23 46 15 20 46
16 19 43 16 21 46 16 26 41
17 23 38 17 23 40 17 20 42
18 24 43 18 23 43 18 23 44
19 20 40 19 21 45 19 22 43
20 22 46 20 20 47 20 23 45
21 24 46 21 23 36 21 28 48
22 25 50 22 24 43 22 22 47
23 20 45 23 24 46 23 22 44
24 25 43 24 21 44 24 20 46
25 23 49 25 15 42 25 22 43
26 25 45 26 24 47 26 24 39
27 17 38 27 20 43 27 22 38
574 11067 578 11606 599 1173
M=21.26 M=44.33 M=21.41 M=43.18 M=22.22 1i=43.48

*MRIiR - Mean Resting lieart Rates *FuR - Final neart Rate

lieart Rate count taken for 1S5 seconds



APPENDIX F

PILOT STUDY DATA

Combined Time Combined Time

Subject Trials 1 and 2 Trials 3 and 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
10 674 441
11 437 396
12 472 409
13 585 380
14 437 436
Total 8187 Total 5628

Mean 584 .39 Mean 402.00

Score in seconds
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