WALL VOLLEY TEST PERFORMANCE AS A FUNCTION OF

GRIP AND WRIST STRENGTH

APPROVED:
i (e
Ma jor Professor e [

/(A/ULM ’uf/%

Minor Profesaﬂ?

ey
/

Sl ot C /6,4/2/5&«./

Dlrecﬁﬁ? of the Department o?/Physical Education

_{{ﬁt"’ﬂtﬂ ASfD. /MJMM

Dean of the Graduate School




WALL VOLLEY TEST PERFORMANCE AS A FUNCTION OF

GRIP AND WRIST STRENGTH

THESIS

Presented to the Graduate Council of the
North Texas State University in Partial

Fulfillments of the Requirements

For the Degree of

¢

MASTKR OF SCIENCE

By

Celia Maxine Williams, B.S.

Denton, Texas

August, 1968



TABLE OF CONTENTS

IST O F’ TABL}ES . L] - o - . . - L] - . - * * L] . L) L 4 * L4 .
Chapter
I« INTRODUCTION &« v v ¢ ¢ ¢ o ¢ o o o o o o o o »

Statement of Problem
Purposes of Study
Definition of Terms
Limitations of Study
Sources of Data

IT. SURVEY OF LITERATURE. « ¢ ¢ o o o o« o o o o o o

Introduction
Relationship of Strength to Motor Performance
Strength Training
Grip and Wrist Strength Related to

Tennis, Badminton, and Volleyball
Instruments to Measure Human Strength
Wall Volley Tests

III. PROCEDURES. 4 o ¢ ¢ e ¢ o o ¢« o« o o ¢ o ¢ s « &«

Preview

Sub jects

Tests and ILnstrumentation
Experimental Design
Analysis of Data

IV. RESULTS AND DISCUSSION: « o o o o o o o o o o o

Results
Discussion

V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS . . .
Sunmery
Conclusions
Recommendations

APPEK\}DIX ] * L] L] L] . [ ] [ [ ] L] » L] L] L] L] L] - [ ] L] L] L] L) L ]

BI BLIOG‘}{A.P}{YC [ . » L] ° ® * [ ] * L ] . [ . L4 L] * L L L [ ]

31

Ll

80

3l

97



Tablse

I.

IT.

III.

IV,

Ve

VIe

Vii..

VIII.

IX.

X

LIST OF' TABLES

Analysls of Variance Among, Initial, Critorion,
and Final Strensth Scores for Control
Group ® 0 # 8 8 6 ¥ 6 & ® & & ® e e 8 e 8 w e

Differences Among Control Group Means on
Strength Varlalblese o ¢ o o ¢ o o o « o o o o

Analvsis of Varlance Among Initial, Criterion,
and Final Strength Scores for Bxperimental

GTOup ¢ & ¢ 8 6 0 6 & e & ® 8 & e e w o 6 & @

Differences Among Lxperimental Group Means
on Strength Variables o o « o ¢ ¢« ¢ ¢ o s o @

Analysis of Variance Between Initial and Final
Wall Volley Scores for Control GrouPe o« o o o

Analysis of Variance Between Initial and Final
Wall Volley Scores for Experimental Group «

Descriptive Statistics and t Ratios for Groups
on Strength Measures « o« « o« o o ¢ ¢ o s+ o

Descriptive Statlstics and i Ratlos for Groups
on Wall Volley Me@Q3UTres o « o o o« o o o o o o

Coefficlents of Correlation Between Strength
Variables and Wall Volley MeasuUreSe « ¢ o o o

Correlation Coefficients Among Initial, Criterion,
Final Strength Measures « o« o ¢ o « o o o o o

iv

Papre

L6

L9

50
53
57

59

61

65

67



CHAPTER I

INTRODUCTION

¢

Strength has long been recognized as a basic requisite for
many gross motor activities. Almost every sport requires sube
stantial strength in some body parte This is evidenced by the
conditioning phase of training schedules and the multitude of
test'batteries, including assessments of strength, which are
used to predict motor ability, skill, or achievement. Whether
or not a specific degree of strength ls indicated, all motor
performance tests, like movement, require a certaln amount of
strength. Effects of strength and other components of motor
performance have to be consldered when constructing tests.
Knowledge of effects of strength will affect, not only testing
results, but teaching and tralning methods also.

Successful performance on many motor performance assess-
ment batteries may be as dependent upon strength as upon skill

or motor ability. For example, the original Brace Motor Ability

Tost (3), which was the Tirst published attempt to quantirfy
motor ability, contained several stunts that required a relsa-
tively high degree of strength. McCloy felt that the test was
too weighted with a strength component and attempted to improve
the test by adding the criterion that the items have a low
correlation with strength (17).



It is interesting to note that further investigatlon (4) found
the Brace test to be more predictive than the revised version.
. Prom these early efforts, a panorama of tests has evolved.

Rogers, an early ploneer, took a slightly different ap-
proach when he deQeIoped the Strength Index (20) as a measure
of general athletlc abllity based on the hypothesls that a high
Strength Index would enhance an individual's performance in
various activlitles after a period of tralning. Various inde=
pendenﬁ findings have substantiated this hypothesis. Some
investigations have been centered around correlations between
strength and athletic ability (1, 2, 11), strength as a basls
for equating teams (5, 9, 19, 20), and still others have re-
lated strength to general achievement (21, 22).

Hinton and Rarick (13) were among the first to use strength
measures to predict achievement in a specific activity such as
basketball, Similar investigations have been initiated ine-
volving other activities (1, 16), but they are not adequate to
meet the innumberable questions related to strength and per-
Tformance.

A glance at the many different texts discussing tennls,

badminton, and yolle ball reveals the recognition that grip

and wrist strength are factors pertinent to these activities.

One of the reasons given for preference of the eastern grip
In tennis is that 1t compensates for weak grip and wrist
strength by putting the hand behind the racket. Other sources

related to badminton are concerned with a powerful snap of the



wrist when executing high clears. Grip and wrlst strength are
also recognized as contributors in the execution of the set-up
in volleyball.

Since there are so many varilables involved 1n the assess-
ment of playing ability in tennls, badminton, and volleyball,
one particular type of test was chosen to determine playing
ability. Wall volley tests were chosen because they have been
deveioped and validated to be used as measures of playing

ability in the above named activities.

Statement of Problem
This study tested the hypothesis that grip and wrist

strength affect performance on wall volley tests that werc dow
signed to test ability in tennis, badminton, and volleyball,

If this hypothesis were true, training desligned to increase
grip and wrist strength would be desirable in these activities,.
This study provided an opportunity to determine whether women
produce a strength testing pattern that is similar to that of
men (15) in test-retest situations. Answers to these questions
were determined by comparing results on selected wall volley
tests with cable tenslometer strength measures,; by subjecting
some of the subjects to strength training, and by comparing

strength measures of test-retest sessions.,

Purposes of Study
The purposes of the study were: a) to determine the re-

lationship between grip strength and scores on selected wall
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volley tests, b) to determine the relationship between wrist
strength and scores on selected wall volley tests, ¢) to de-
termine the effect of strength training on wall volley scores,
d) and to determine whether women produce a strength testing
pattern that 1s similar to men in test-retest situations (15).

The followlng null hypotheses were tested:

1. DNo signficant difference exists among the initlal,
criterion, and final means of the strength measures.

2e No significant difference exists between the initial
and final means of the Wall volley scores.

3¢ No significant difference exists between the means of
the experimental and control groups' a) initial measures of
strength, b) criterion measures of strength, ¢) final measures
of strength, d) initial wall volley scores, and final wall volley
scoress A

s The true correlation among all strength measures and

wall volley scores 1s not significantly different from Zero.

Definition of Terms
The following definitions are pertinent to thls study:
L. Strengthe--Maximum force of tenslon applied in a
single contraction (6, p. 203).

2. Wrist flexion strength.--Maximum tension applied to

cable whlle flexing the wrist. The tension was measured accord-

Ing to Clarke's procedures (7, p. 12).

-~

3. Wrist extension strength.~--Maximum tension applied %o

cable while extending the wrist. The tension was measured

according to Clarke's procedures (7, p. 12).
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i« Tensiometere--A small compact unit that was originally

designed to test the tension of alrcraft cables. Cable tension
1s determined by measuring the force applied to a rilser, causing
an offset in s cable stretched taut between two sectors
(8, pe 8)e

5. Wall volley test.--A specific type of motor performance

test that is used 1In sports. The test usually involves pro-
jecting an object rapidly against a wall, The score is derived
by counting the number of times the projectile legally strikes

the wall within a specified period of time (10, 12, 18).

Limitations of Study

Any study of gross motor performance is subject to many
limitations.  Since only wall volley tests were used in this
study to assess specific skills in tennls, badminton, and
volleyball, interpretations of the results were formulated
without drawing conclusions regarding the subject's performance
in the total activity. & rejected null hypothesis in the inia
tlal end final means of the group trained in strength was not
interpreted to imply that strength training improved the ine
dividualts total aﬁiiity to play tennis. Conclusions are
drawn in terms of the skills utilized only in the wall volley
testse

Tennls, badminton, and volleyball are taught to both sexes
on the junior high, high school, and college level. As forty
college women were employed in this study, interpretations

regarding the data were applied to college women only.



The study was limited in that all sub jects were experim
enced in each of the respective activities. Application
of the results has implication only for experienced players.
Increased grip and wrist strength might improve performance on
wall volley test for experienced players yet be ineffectual
for beginners. .

This study was further limited in that experience was dew-
fined as average or better on the questionnaire (Appendix B)e
Again, application of findings are pertinent to average or

better players only.

Sources of Data
The data necessary for the thesis were collected and
studied from both documentary and human sources. The documen=-
tary sources consisted of books, periodicals, theses, research
studies, and other avallable materials pertinent to all aspects
of the study. The human sources were selected students enw

rolled at North Texas State University.
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CHAPTER II
SURVEY OF LITERATURE

Introduction

Since this study was concerned with grip and wrist strength
relationships to tennis, badminton, and volleyball skills as
measured by wall volley tests, the literature reporting the re-
lationship of strength to motor performance; the relationship
of grip and wrist strength to tennis, badminbton, and volleyball
skills; the use of different instruments in the measurement of
strength; and the use of wall volley tests in the measurement

of sports skills was surveyed.

Relationship of Strength to Motor Performance

Statistical Relationships

Human strength has been an attribute of admiration and
interest for centuries. The Biblical characters, Samson and
Goliath, were noted for their superior strength. Ancient and
modern man have particlpated in contests requiring feats of
strength. As interest in the subject of human strength moti-
vated more objective measurement, physical educators became
interested in determining, not only the degree of strength pre-
sent, but potential relationships of strength to motor ability

and motor performance.
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Sargent (7) was the first American ploneer in strength
testing because he developed the first battery of strength
tests, but Fedrick Rand Rogers is credited with standardlzing

testing procedures and developing norms (46). Rogers' Phvsical

Capacity Test consisted of a lung capaclty test and strength

tests; lung capacity was assessed by means of a wel spirometer,
and strength measures were obtained with a dynamometer or manuo=-
meter., In addition, an arm strengthscore was derived by a
formula using sums of push-ups and pull-ups. The Strength Index
was the sum of the scores on each of the test items. FRogers
hypothesized that an individual with a high Strength Index would
have greater potentlal for good athletic performance after a

| period of skill training,than an individual with a low Strength
Index (Li6). He tested his hypothesis by determining the corre-
lation between the 100-yard dash, the running broad jump, the
running high jump, and the bar vault. The resulting correlation
was .76. An r of .81 was obtained when basketball, baseball,
and football throwing skills were combined with the track and
field eventse. When athletes and nonathletes were compared on
the Strength Index, the athlotos proved to have a higher
Strength Index. Clarke and Peterson (13) verified Rogers'! finde
ings when working wilth elementary and Jjunior high boys. Strength
proved to be a differentiator ol athletic‘ability. The SI was |

high among athletes and was consistently low among nonparticie

pants and subgstitutese.
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The Albany staff (15, 16, 17, 18) conducted a series of
experiments using the data from the Strength Index to improve
and redirect the intramural program in the Junior high schoolse,
The Strength Index was used as a basls for equating teams.
Track and fleld events were equated on the basis of the Strength
Index for three years, and the results showed performance to
consistently Improve as the Strength Index level increased
(15, 16). The Albany staff used the same procedure for equating
teams 1in aquatic activities, and the results indicated that
strength was an important component of success in swimming
events (18). The Strength Index also proved to be a highly
valid and convenient basls for equating competition in skating
events (17),

Wiley (55) further validated the use of the Strength Index
as a basls for equatling teams on the elementary level. Leonard
Clark (6) in his Melrose High School Experiments equated teams
on the basils of the Strength Index and had very satisfactory
results. Clarke and Bonesteel (12) obtained the same results
when equating teams in touch football, speedball, field hockey,
and lndoor soccor Tfor high school boys. Oesterich (L41) equated
toams on the basls ol the Strength Index lor compotition in
basketball, The results of his tournament were tie ball games

or games in which there was only one point difference in the

final score,
Hinton and Rarick (26) attempted to determine the corre-

lation between Rogers!' test and the Cubberly and Cozens' Test of
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Basketball Achievemeﬁt through the use of rmltiple correlations,
A correlation of 550 between arm strength and basketball
achievement proved to be the highest relationship between any
two variables. |

MeCloy (36) initiated changes in Rogers! test. The lung
capacity test was deleted on the basls that it was not a
strength measure, and a new formula was devised for computing
arm strength because McCloy hypothesized that Rogers! method
penalized small individuals. Arm strength was assessed from
Rogers! formulas arm strength = (pull-ups-push=ups) (¥O H - 60)
in which W = weight and H = height. McCloy's revision for boys
was chinning or dipping strength = 1.77 (weight) +3.42 (chins
or dips) - 46 and chinning and dipping strength = 3.54 (weight)

3.42 (chinstdips) = 92. The formula for girls was chinning
strength = 67 (weight) 1.2 (chins)+452 and dipping strength =
.78 (weight)j‘l.l.(dips)ﬂ'.7h. MeCloy correlated the revision
with track and fleld events and obtained a correlation of .77
which was lower than that obtained by Rogers.

Anderson (2) attempted to construct a battery of strength
tests to predict athletic ability in girls using Rogers! test
and the revisions recommended by MeCloy. She also added a
thigh flexor element. Scores on track and field events such
as the forty-yard dash, the standing broad jump, the running
high jump, and the basketball throw, served as the criteria of
athletic ability. The conclusion was that strength is not a

sole factor in predicting athletic ability, since a low
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correlation of .55 was obﬁained. In a subsequent study
Anderson (1) reported the Sargent Jump test to be a better
predictor of athletic abllity in girls,yielding an r of .6Lb.

It must be noted that the criterion of athletic ablility in

this second study was the subjective rating by a panel of judgese
It seemed that the revisions in Rogers! original test battery
only weakened its use as a predictor of athletic ability. While
Anderson reported low correlations, thus disputing the valid use
of the Strength Index as an indicator of athletic ability in
girls, it must be remembered that the original test was altered.
The Albany studlies included favorable reports from the use of

the Strength Index in connection with skating competition in-
volving girls, and Hinton and Rarick (26) reported a high r of
809 between the Strength Index and basketball ability in girls.
Larson (30) attributed the usefulness of the Strength Index as

a differentiator of athletic abllity to the dynamic element
contributed by the arm stﬁwﬁgth test.

Various other studies have utilized slightly different
factors ig relating strength to athletic ability or skill in
specific activities. Hooks (27) compared nineteen structural
and strength measures to success in baseball and reported the
strength measures to have a consistently high correlation with
criteria of baseball ability. Wessel and Nelson (5l;) related
grip strength of girls to achievement in college physical edu-
cation classes reflected by grades, and found a significant

relationship. These findings substantiated the results of an
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earlier study by Tinkle and Montoye (52), who used college men

as subjects.

Theoretical Relatlonship

Or all the factors involved In athletic performance,
strength may be considered as one of the most important (5, LlL).
lotor performance tasks require the development of kinetic
energy. Kinetlc energy is expressed in the formula Fd = 1/2 myz
in which F = force, d % distance, m = mass, and v = yelocity,
Ordinarily the mass is held constant in sports skills, and it
is conceivable to hold the distance constant. In thls event,
force would be equal to velocity squared or v ='V§T, Muscular
strength 1s responsible for force in most activities. In view
of this rationale, it is impossible %o negate the importance
of muscular strengthe

In applying the kinetic energy formula to tennis, the
racket Would'représent the mass, and the space through which
the racket travels on the foreswing would represent the distance
through which the muscular force was applied. The velocity
would be the average speed of the racket as 1t moved through
the piven distance. However, the fofmula must be corrscied
‘Tor the application of angular force,which 1s the case in all
pro jectile sports. The corrected formula ig' Fd = 1/2 mva*-mgd
(Sin 6), in which the;Sin 6 is a trigometric function of the
angle of applied force.

Power is the crucial concern in manyvmotor activitiese

However, the relationship between work and time can be computed
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from the formula P = £d4/t, in which P = power, F = force, d =
distance, and t & time. As stated earlier, force varies dlrect-
1y with the square of velocity. Through further mathematical
computation (5) it was possible to show that power varies directe-
1y with the cube of velocity. From these relationships, it is
apparent that there 1s a diminishing return for lncreases in
force. In the human body, if applied force is to be lncreased

efficiently, greater maximum force must exist (5).

Strength Training

There is strong evidence to support the value of strength
training (5, 33, 39, Li). A relationship exists between the
optimum level at which an athlete can perform effectively and
the level of available strength. VWhen muscular strength 1ls ine
creased, the athlete can perform at a much higher level of
efficiency. Muscles bperate at the optimum level of efficlency
at a point mid-way between maximum muscular force and maximum
velocity (4L). When an all-out effort is required in speed or
applied force to accomplish a given task, fatigue and ineffi-
ciency will result,.

Strength training is a part of many athletic activities.
An excess 1n strength above the required level to accomplish
a given task is required to meet emergencies and to improve ver=
formance {41, 4L). Many training schedules are demanding and
require more strength than that which is required in actual

competition (4L). In track and field events, athletes run in
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weighted shoes and practice with heavier shots than are used in
competition. Gymnasts practice progressive reslstance exercises.

Experiments (5, p. 36) with the Sargent Jump test gave
evidence to the value of strength training. With increased
strength, & deeper crouch could be employed thus increasing the
height attained. Lindeburg, et al (31), however, reported
static exercises to be inefficient in improving standing broad
jumpting ability. One group of boys was subjected to isometrie
exercises and the other group was scheduled to practice broad
jumping. Neither group improved. In this particular study, no
attention was gilven to the take-off angle. Had instruction
based on kineslological principles been given to both groups,
the strength training group might have improved more than the
other group. Although it seems that an improvement should have
resulted on the baslis that since greater applied force would have
been posslble greater distance should have been attained. This
reverts back to the relationship between force and velocity.
As force increases, veloclity increases. The distance an ob ject
will travel is dependent in part upon the velocity (5).

Voyt (53) studied the effect of isométric grip and wrist
strengtening exercises on tennis playing abllity as measured
by the Dyer Wall Volley Test. Two groups were employed, a conw
trol group which was not subject to strength training and an
experimental group which was. The experimental group trained
for five weeks, five days per week through static exercises that

were analogous to testing procedures, 1.., using the cable
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assembly, grip apparatus, and tensiometer. Both groups were
glven the Dyer test before and after strength training. The
experimental group gained in tennis playing abllity and the cone
trol group did not, although thers were no significant differences
between the two groups at any testing session. In view of this,
the small improvement evidenced by the experimental group on |
wall volley test performance could not be attributed to strength
training. Furthermore, both groups experienced strength gains
in right grip and right wrist flexion. The experimental group
improved in left wrist flexion strength, and the control group
did not. The same was evidenced in right extension strength.
Since both groups experienced certain strength increases and yet
no significant differences existed between the two, no con=
clusions concerning the effect of grip and wrist strength train-

ing could be ventured.

Isometric Strength Training

Several studles have shown isometric exercises to be ef=
ficient in strength building (3, 19, 20). A five per cent weekly
Increase over orliginal levels of strength resulted from a traine
ing program based on a maxiéum contraction held for six seconds
performed five days per week (L0, L3, 51)s These findings were
anbstantiated by similar results of other studies (3, 19, 20,
33). Static exercise performed at one joint angle has been ro-
ported to Increase the strength throughout the range of motion

(19). Although conflicting results have been reported (34, 35,

i5) concerning the amount of increase obtained weekly, there
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is a concensus of opinion concerning the effectlveness of
isometric contractions in the development of strengthe.
Grip and Wrist Strength Related to Tennis,
Badninton, and Volleyball

Empirical observation attests to the importance of grip
and wrist strength in projectile sports. Students have often
complained of the grip or wrist giving at impact. A weak grip
and wrist account for loss of power and control due to recoll
(5). Many authorities recommend the eastern grip (5,21,25,42)
in tennis because it compensates for weakness by putting the
bulk of-the hand behind the racket to help prevent recoil. AEL

individual with weak grip and wrist cannot execute the snap

e v s

that is so imperative to deep high clears in badminton (5), and

losesforce and control at the moment of impact in volleyball
e ——C——————————————

S s

skills. In volleyball the fingers must be rigid at impact or

T

force will be lost and perhaps no return at all will be made.

Lamp (29) investigated the relationship of physiological and
growth factors to volleyball playing abllity. Test items in=-
cluded the serve, set-up, net pass, and volley skills. Subjective
fatings of judges and tournament success were also included in
the assessment of ability. Age, weight, helght, grip strength
and puberty status were statistically correlated with playing
abllity. The grip strengbth factor had a low but consistent
correlation wiéh all of the items employed to assess playing
abilitye.

In projectile sports, a difficulty in attaining depth of

placement, such as from base line to base line, may often be



19

due to lack of strength. The horlzontal distance a projectile
may be thrust is directly related to the velocity of the pro-
jectile, since the velocity of the projectile is dependent upon

the speed of both objects before impact (5). The speed of the

arm and hand in volleyball and the speed of the racket head in

P

tennis and badminton cgntribute to the distance of the projectile's

S SEER————

flight. Thus, muscular strenguh contributes to the range of the-

e AT RO i

e e

projectila by increasing potential force.v

Instruments to Measure Human Strength

The dynamometer was the first scientific instrument used
to measure strength (28). One-of the earliest instruments cohp
sisted of a large frame and crossbars attgched to als%eelyard..
Known weights were h@ng on the steelyard.. Various adaptations
and refinements have evolvéd; vSargeﬂt (28, p. L410) is asso-
ciated wlth improvements made in the United States. He énployed
two types of sprlng steel dynamometers, the manuometer for grip
strength and another form for back and leg strength. The chiefl
fault found in the sprlng steel instrument has resulted from
excessive stretching of' the sprlng, thus altering the initial
testing position (28),.

.Kellogg developed a mercurial dynamometer operating on
the hydraulic principle. Kellogz's (28, po. 412-1;13) dovelop-
ment enabled him to test several muscle groups. The mercurial
dynamometer has not been widely used because of its cumb ersome

nature and high coste ;
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Hamilton, who was engaged in rehabilitative work, was not
satlisfied with the steel spring dynamometer because of 1ts lack
of sensitivity,so he devised a pneumatlc dynamometer which was
capable of measuring very weak grip strength (28, p. L1lL}). Only
grip strenmth can be measured with thils instrument.

The strain gauge is one of the most recent developments in
the dynamometer. The kinematic muscle machine employing the
strain gauge can tegt forces in three planes (28, p. L17)e Al—
though this instrument 1s expensive, 1t is ldeally sulted for
fatigue studies. The strain gauge is highly sensitive and
subject to room temperature changes (28).

. Clark, one of the foremost authorities in strength testing,
adapbed the aircraft tensiometer to test human.strenéfh (9) e
His e arly battery consisted of twenty-eight tests to measure
streng£h~in the hip, shoulder, knee, ankle, and wrist. In a
subsequent study, he added ten new tests and altered some of
the existing ones (10). In developing the tests, body position,
joint angle, gravity, and the attachment of the pulling assembly
were under conslderation to determine the procedures thch would
allow for the greatest application of force (9, 10, 1l). The
muscular force applied to a cable causes an offset on the riser
in the tensiometer. The amount of offset is recorded on the
calibrated face of the tensiometer. This score can then be
corwerted bo lpounds of force by means of a chart. Testing proe

cedures for grip and wrist strength appear in Appendix F..
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The tensiometer is the most versatile and convenient of
all the instruments (8) used to measure strength. Clarke
(9, 11) reported the tensiometor to have the greater precislon
for strength testing, to be the most stable and generally use=-

ful, and to be free of the faults found in .the other instruments.

Wall Volley Tests
The wall volley test is a specific type of motor performance
test that is used in sports.- The test usually involves pro ject=
ing an object rapidly against a wall. The score is derived by
counting the number of times the projectile legally strikes the
wall within 2 specified period of time (1, 23, 37). Wall volley
tests have been used to assess playing ability in tennis, bad-

minton, volleybali and soccer.

Tennis Wall Volley Tests

Dyer (22) was the first to validate a wall volley test %o
Ee used in tennis. The first version. employed a three~foot high
wall marking, but no restraining line. The subject was in-
structed to drop the ball and let it hit the floor and then pro-
ject 1t égainst the wall on or above the line as many times as
possible in thirty seconds. The scorc was derived from the sum
of three thirty-second trials,with a penalty being levied for
missing the ball. In the revised version (23), Dyer added a
five—fooﬁ restraining line and deleted the penalty for losing
control of the ball. A box of reéerve balls was placed on the

non-dominate side of the subject to improve uniformity in
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supplying extra balls. The latter version had a validlty co-
efficient of .92 when compared to round-robin tournament results.
The reliablility coefficient of .70 was established. Since six
weeks of instruction and practice occurred between test-retest
administration, it had little use to indicate the true realliaw
bility; however, it does substantliate the validity. The
rationale was that since practice and Instruction had occurred,
the coefficient should be relatively low due to the intersubject
variations in increase in skill (L).

shay (49) reported that one coach successfully used the
Dyer test to seleét varsity team players. Dovela, who was acting
as coach, had a limited time to select team members, so he admine
i1stered the Dyer test with the one modification being that the
restraining line was extended to seven feet. The six boys with
the highest test scores were the first men on the team and were
never replaced. The team was undefeated and the number one man
with the highest score was the National Junior Champion.

Ronning (L47) experimented with restraining lines of 5, 15,
25 and 35 feet and trial periods of thirty ané sixty seconds,
when adapting the Dyer test for college men. A combination of
the thirty-five;foot restraining line and a sixty second trial
yielded the best results. Round-robin tournament play served
as the criterion of wallidlty, which yielded .97. KXoski (7)
revised the Dyer test by using a twenty-eight-foot restraining
line when developing a tennis wall volley test for college mene.

Correlation with tournament play yielded a low «68.
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Howitt's (2l}) revision of the Dyer test employed a twenty-
foot restraining line, and was inltiated with a serve. Hewltt
revised the Dyer test when he found 1t to be a poor differentiator

of tennis playing ability at the beginner level,

Badminton Wall Vélley Test

Lockhart and McPherson (32) developed a wall volley type
test for use in testing badminton playing ability. The test
smployed a fivew~foot~high wall marking line and a restraining
line of five feet. Subjective ratings and a round-robin tourna-
ment were used as the criteria of validity; A validity coofficient
of +71 was obtained. Testwretest reliability was established as
.90. After extensive study, Miller (37) developed a wall volley
test that would measure the high clear, the stroke most commonly
used. The wall line was ralsed to seven and one-half feet and
the restraining line was set at ten feet. The test-retest relia~ .
b11ity was established to be Oli, and validity based on -

round-robin rank was .83,

Volley ball Wall Tests
Russell and Lang (4;8) devised a wall volley test of volley=
ball'playing ability for junior high girls. Before develéping
the test, they surveyed the literature to determine those test
1tems that appeared to be best sulted for the junior high level,
The final battery consisted of a serving test and a repeated
volleys test. The test of repeated volleys called for a seven

and one-half foot wall line and a restraining line of three feetb.
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Three thirty-second trials were glven. Test-retest reliability -
yielded an r of .9i§, and validity was determined to be .80 on
the basis of subjective ratings. This test was adapted from
French and Cooper's original battery devised for high school girls.
The original repeated volleys test concisted of five fifteen-
second trial periods. It 1s otherwise identical to the Russell=
Lange test.

Brady (L) developed a similar test for college men, but the
trial period was one minute long. The wall markings were ex-
tended to eleven . and one-half feet high, and no restraining .
line was employed. Test retest reliabllity was established to
be «925, and validity based on subjective ratings was established
to be <86

Haverstick and Mohr (38) develcoped a wall volley test for
college women. They experimented with restraining lines of
three, five, and seven feet. Results suggested the best test .
to consist of a seven-foot restraining line and a wall line of
seven- and one-hall feet. Three thirty-second trials were held
constant throughout the testing period. Reliability and validity
ranged in the .,90ts, ‘

Clifton (1l) established a single hit volley test which was
more consistent with current rules for college women. Markings
were the same as those recommended by Mohr and Haverstick; howw
ever, only two thirty-second trials were used rather than three.
Sub Jective ratings were used as the criterion to determine

valldlty. Pearsonproduct moment correlation coefficient of T -



betw en ratings and a wall volley test was obtained.

retest reliability was found to be .8lL.

Test
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CHAPTER III
PROCEDURES

Preview

Procedures necessary to meet the objectives of the study
were a review of related literature, selection of subjects,
administration of initial and final wall volley tests designed
to assess playing ability in tennis, badminton, and volleyball,
designation of a control and experimental group, conducting a
strength training program analogous to the cable-~tension tests,
analysis of daté, which included computation of Pearson product-

moment coefficlents of correlation, t ratios, and I ratios.

Sub jects

Since skilled players are more consistent in the execution
of strokes, and in order to enhance the reliability of the measures
obtained from the wall volley tests, only students experienced
in volleyball, tennis, and badminton were utilized as subjects
in the study. An Experience Questionnalre (Appendix B) was cone-
structed to serve as a basis for subject selection. Sixty-five
questionnaires were distributed to women students enrolled in
physica} education classes at North Texas State University during
the spring semester, 1968. Questionnaires were provided only to
those students who professed to have a playing ékill in tennis,

badminton, and volleyball, and who were not currently enrolled

31
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in a formal class of instruction in any of the three activities.
The subjects Indicated the amount of instruction in each spori

to whlch they had been exposed, and their evaluation of thelr
ekill abllity in each of the three sctivibties. After the
questiounalres were completed, they were cxamined by the investi-

gator to determine those students who were averase or bettor in

the threec activities. There were forty-two students who gqualified

to be subjects and who, therefore, received a request by letter
to participate in the study. Thirty-nine voluntecred but due to
conflicts in scheduling, injury, and other complications, only
thirty subjects completed all the reguisites necessary to ine-
clude thelr scores in the analysis.

The academic classification of the participants ranged
from freshman to senior. The subjects wore stresct clothes during
the strength testing sessions and shorts, shirt, and tennis shoes

during the wall volley testing phase.
Tests and Instrumentation

Strength Tests

Cable-pension Tests developod by Clarke (3) were selectod

to moasure grip strength, wrist flexlon, and wrlst cxtension
strength., These tests were chosen because they are both valid
and relliable, and because specific methods have been cdescribed
by Clarke (L}). Clarke sought the opinion of experts in anatomy
anda physiology in developing the battery of teéts, and in a

later study (h) reviewed each test experimentally to determine



33

the angle of maximum potential for the joint tested and to
determine the position of attachment of the pulling assembly
that would yleld optimum results. |

The cable-tension tests employ the cable tensiometer.
After ascholarly iuvestigations of many types of instruments de
signed to measure strength, Clarke (2, 5) concluded that the
tensiometer was the most reliable and objective. Refer to
Appendix F for a description of the testse

Wrist flexion and extension.--A four by bour ward six Inches

in length was mounted on both ends of a table to provide for the
attachment of the pulling assembly, which consisted of a handle,
cable, and adjustable turnbuckle. The assembly was mounted so
that the applied tension wuld be at a right angle to the point
of attachment on the tested limb. A tensiometer was mounted on
the table to provide right angle intersection with the cable.
Two foam rubber padded adjustable braces were centered in the
table to provide stability of the forearm and to isolate wrist
action. The attachment was such that the braces fitted the
contour of the forearm. Two wide padded leather straps attached
to the table between the braces provided further stability.
During the test administration, the subject was seated at
a table in a chair with the feet resting on the floor and the
free arm resting in the lap. The upper arm on the tested side
was adducted and extended at the shoulder to one hundred and
eighty degrees. The forearm was resting on the table with the

elbow in ninety degrees flexion. 1In testing wrist flexion and



3l

extension strength, the forearm was placed betwecen the bracos
and strapped to the table so that the forearm was held in mide-
prone and supine position. The wriét was held in mid—positioh
of range of motion of palmar and dorsal flexlon. Once the arm
was stabilized, both flexion and extension were measured. The
handle of the pulling assembly was adjusted so that the subject
could grasp it while in the required position.

Grip sbrength.~~An adjustable hand grip apparatus employing

the tensiomebter (Appendix A) was mounted on a foam rubber and
whiéh was next to the braces. The grip apparatus was an assembly
conversion system which made 1t possible to use a tensiometer to
measure grip strength. The upper vart of the grip was attached
at right angles to the cable. The tensiometer was mounted on

the apnaratus to providé right angle intersection with the cable.
This assembly was employed only when recording griv strength.

In testing grip strength, the position of the shoulder and
the elbow were lidentical to that employed in testing wrist
flexion and extension, but the forearm rested on the table against
the outside of the braces and was held in pronation. -The wrist
was held in mid-position of range of motion of abduction and
adduction. Before the subject assumed the tésting position, the
hand grip apparatus was adjusted so that the mid-phalanx of the

fin

3

o]

o¢rs curled around the portion of the grip attached to the

able,

Q
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Wall Volley Tests

Since this study was concerned with the effect of grip and
wrist strength upon subjects! performance on wall volley fests,
wall volley tests of ability in tennis, badminton, and volley-
hall were selected. This particular Ltype of test has been
developed and used to measure skill in various activities. Wall
volley testc have been used repeatedly in research and have under=-
gone eoxtensive experimentation. Tests of this type require very
11ttle equipment, are easily administered, and are valid and re-
liable as evidenced by relatively high validity and reliability

coeffTiclentse

Tennis wall volley test.~~The Dyer Revigion of the Backboard

r—

Test 3£ Tennis Ability (7) was selected Ho measure tennis abllity

because both a high validity coefficient of .92 and a reliability
coeflicient of .70 were established. Dyer recormmended that the
reliability test-retest measure be viewed as a validity index
because test-retest administration was intervened by six weeks

of skill practice. The lower coefficient of 70 reflected im-
provement in skill. This test is deseribed in Appendix C.

Badminbon wall volley test.~-Miller's pRadminton Wall Volley

Test (9) was selected to measure badminton skill because 1t was

specifically developed for college women (Appendix D). The test
1s both valid and reliable as evidenced by the coefficients of
.83 and .9l respectively. The criterion of validity was the

result of a round-robin tournament.



36

Volleyball wall volley test.--Clifton's Single Hit Volley

Test for Women's Volleyball (6) was selected to measure volley-

ball skill because it was developed for college women (Appendix
E). The test has a relatively high validity coefficient of 7L

and a reliabllity coefficient of .80.
Experimental Design

Administration of Strength Tests

Six cable~tension tests were administered: right wrist
flexion, right wrist extenslon, right grip, left wrlst flexion,
left wrist extenslon, and left grip. Three trials were recorded~
for each test. The sum of the three trials served as the criter-
ion for each measure. Each subject was individually scheduled
for testing. The investigator was the sole administrator,with
the exception that an assistant who was thoroughly familiar with
testing procedures administered the scheduled tests for one day.

Cable-tension tests were administered three times., The
initial measures were followed, as has been suggested in the
literature, two weeks later by criterion measures. Two weeks
later final measures were recorded. Procedures were identical
for initial, criterion, and final tests.

An order was established for the administration of the
six different cable-tension tests that would balance any possible
effects that might be results of fatigue, learning, warm-up, or
unknown variables. Twenty-four combinations were established

for the order of testing (Appendix G). Combination number I
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consisted of the following order: left wrist flexion, loft wrist
extension, right wrist flexion, right wrist extenslon, left grip,
and right grip. The first subject was tested in the order pre=
sented in comblnation number I. The éecond subject was tested
in the order presented by combination number II. This process
was continued until all twenty-four possible combinatlons had
been used and the process was repeated until all strength

measures were recordeds

Administration of Wall Volley Tests

The tennis, badminton, and volleyball wall volley tests
were administered at three respectiv; stations simultansously.
The investigator and two assistants acted as timers and super-
vised their respecpive stations. The subjects rotated the duties
of counting the numb;r of legal hits, watching for foot faults,
and retrlieving the projectiles.

Twenty-four students met for the first testing session.

The investigator described and demonstrated each test. A period
for qﬁestions was followed by a brief period of practice in each
of’ the activities.

following the practice perlod, the subjects were divided
into three groups. Group I started with the tennis test, Group
IT with vhe badminton test, and Group III with the volleyball
test. The [irst person in each line of each group %took the
regspective test, the second person scored, the third judged foot

faults, and the fourth retrieved. After completing trial number



one of the test, the subject went to the rear of the line and
rested. The order in line rotated so that all subjects pcr-
Tformed all asctivities at each testing station. Upon completion
of the specifled number of trials, the subjects rotated to the
next station so that those inltially at Station I went to Statlion
II, those at Station II went to Station III, and those at Station
III proceeded to Station I.

A second wall volley testing session was scheduled for those
who were unable to attend the first. The instructions and pro=-
cedures were ldentical to the first. The participants who were
unable to meet elther of the above sessions were either tested
individually or in groups of two or three. In this case,
agssistants were employed to act as scorers, foot fault judges,
and retrievers.

The final wall volley tests were not administered until
after the final strength scores were obtained. A letter an-
nouncing the testing date and time was sent to each participant.
As was true in the initial testing, some subjects were tested
individually or in small groups. The instructions and proce-

dures were identlecal to the iInitial testse

Selection of Experimental and Control Groups

The subjects were divided, on the basis of the criterion
strength level, into & control and an cxperimental group. The
criterion strength measures wore used as the basls for placement

because they have been found to be more reliable measures of the
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current level of strength (8). The strength level was deter-
mined by summing the three trials of six tests to produce a
composlte strength score. The criterion strength scores were
matched as nearly as possible to produce equality in levels of
strenpth between two subjects. Once matched they were randomly
placed in either the control or experimental group.

The experimental group was subjected to two weeks of
strength training while the other group served as a control %o
determine the effect of strength training on wall volley per-
formance. Since the tests were selected to measure the strength
of muscle range used in wrist flexion and extension and grip, the
strength trainlng was designed to be comparable to the testing
procedures. A cable pulling assembly and grip apparatus similar
to that used in the sirength testing was provided for the strength
training sessions. Each subject was scheduled to meet Monday
through Friday for two weeks.,

The subjects trained individually. During each session, six
repetitions héld for six seconds (10) were performed on the fol-
lowing exercises: right grip, right wrist flexion, right wrist
extension, left grip, left wrist flexion, and left wrist exe
tension. During exercise bouts, the subjects held a position
analogous to testing ?rocedures and exerted tension on the pulling
assembly by extending or flexing the wrist or by squeezing the
grip apparatus. The investigator supervised the first training

session and others theréafter where scheduling permitted.



Order of Testing

The entire schedule consumed seven weeks, as follows:

One Week Two Weeks One Week Two Weeks One Week

Initial Criverion! final
Strength | No ' Strength $trength [Strength
Control Measures Activity | Measures Tralining |Measures
Group & &
Wall Wall
Volley Volley
Tests Tests
Iinitial Criterion ' Final
Strength Strength | No Strength
Experimental Measures No Measures |Activity|Measures
Group & Activity &
Wall . Wall
Volley Volley
Tests Tests

The initial strength measures and wall volley tests were
administered during the first two weeks of testing. Iach subject
was scheduled so that the initlal strength measure was followed
two weeks later by the criterion strength measure. After all of
the criterion measures were recorded, the sbujects were divided
into a control and an experimental group. The experimental group
trained with lsometric exercises analogous to testing procedures
for two weeks. During the training period, the other pgroup |
served as & control. After the two weeks of strength training,
both groups completed the final strength tests and wall volley

tests.
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Analysls of Data

1
¢

The data were composed of scores from an initial and a final

adminlstration of tests of avility in tennis, badminton, and

-t

volleyball, ard frorm an initial, criterion, and & final adminise
tration of six cable~tension tests. Statistical treatment
inciuded the computation of means, standard deviations, and
.correlation coefficients for all variables. An analysis of
variance for repeated measures was also computed. When F scores
were significant, a § test to determine a critical difference

was computed.e A L ratio for uncorrelated means was computed

to determine between group differences.

Test of Hypotheses

To determine existing differences among initial, criterion,
and final means of the strength measures an analysis of variance
was computed and t tests were computed to determine where dif-
Terences among the three means might exist. The null hypothesis
that there were no sipgnificant difference among the initial,
criterion, and final means of the strength measures was tested,
and the .05 level was selected as the basis for rejection. The
control and experimental groups' scores were considered separately.

To determine existing differences between initial and Tinal
means oI wall volley scores, an snalysis of variance wasg computed
to deternine whether these differences were significant. The null
hypothesis that there was no significant difference betwesn the

initial and final means of the wall volley scores was tested and
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the «05 level was selected as the basls of rejection. The
experimental and control groups' scores were considered separate-
ly.

To deternine existing differences between the means of the
experimental and control groups' scores on all tested variables,
t ratlos were computed. The null hypothesls that there was no
signiflcant dirference between the means of the experimental and
control groups' initial measures of strength, criterion measures
of strength, final measurses of strength, initial wall volley
scores, and final wall volley scores was tested and rejected
at the .05 level,

To determine existing relationships among measures of
strength and measures of skill in tennis, badminton, and volley=
ball, 2 ¢imple correlation matrix was establlishede The null
hypothesis that the relationship among all strength measures and ‘
wall volley measures was not significéntly different from zoero
was tested, and the .05 level was selected as an indicator that

relationshlps were significantly different from zero,
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CHAPTER IV
RESULTS AND DISCUSSION

Preview

This chapter presents an analysis of data and an inter-
pretation of the findings related to the effect of grip and
wrist strength on wall volley performance in tennis, badminton,
and volleyball. The tests were chosen to determine 1f there
were statistical relationships between strength measures and
wall velley scores and to determine if there were statlistically
sirnificant changes in wall volley performance as a result of
strength training. An analysis of variance for the control
group and for the experimental group was computed to determine
il sipnificant differences existed among the initial, criterion
and final strength measures and to determine 1f significant
differences oxisted between the initial and final wall volley
scorese The critical difference was compubted to debermine if
significant differences existed between the control group and
the experimental gfoﬁp on the initial strength measures,
criterion strength measures, final strength measures, initial

wall volley scores, and final wall volley scores.

Ly
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Results

Strength Tests

The source of vafiance, degrees of freedom, sum of squares,
mean squares, and F ratios for the control group's repeated
strength'ﬁeasures are presented in Table I; the corresponding
information relevant to the experimental group is presented in
Table ITI. Lindquist (8) stated that when sets of observatlons
are equal in number, the critical difference may be computed
rather than the % for any differences; All differences betweenv
means greater than the critical difference may be considered
significant. The significant F ratios that appeared in Tables I

and III were followed by a test of critical differences,

qa: é\{gﬁg:ﬁ, to determine where significant differences existoed.
The meang and differences among means for the control group are
displayed in Table IV. Table IV contains the same Information
relevant to the experimental group.

Control group.--An examination of the F raﬁios in Table I

reveals.. that a significant difference existed among the control
‘group's initial, criterion, and final measures of strength on
the following tests: right wrist extension, left wrist flexion,
and right grip. To determine where the significant dif ferences
existed, the above mentioned critical difference was computed
and compared bto differences among the means. A significant
difference exlsted between the initiasl and criterion measures

of right wrist extension and left wrlst flexion. The c¢riterion

and final measures of right grip reflected a significant
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difference between tests. An examina%ion of the means in
Table VII indicates that the differcence was a change in the
positive direction. No significant difference exlsted among
the repeated measures on the following control group strength

tests: right wrist flexion, left wrist extension and left grip.

TABLE I

ANALYSIS OF VARIANCE AMONG INITIAL, CRITERION, AND FINAL
STRENGTH SCORES FOR CONTROL GROUP

Right Wrist Flexlion

Source arf S8 MS F
Trials 2 17.8L0 73.920 2.82
Sub jects 1l 2161.550
Trials X S's 28 732,110 26,116
Total ly 3041.500

Right Wrist DLxtension

Source af 33 M3 F
Trials 2 219,280 109.6L0 19,904
Subjects il 516,810
Trials X Subjects| 28 15l .29 5.508
Total Il 9204339

Eb£8>j%ﬂ;=p<dma

Swiner, B. J., Statistical Principles in Experimental Desipn,
McGraw-Hill, 1962, p. bLc. "‘




TABLE I --Continued

Left Wrist Flexlon

L7

Source ar S3 WS P
Trials 2 304 .820 152,410 5834
Subjects 1l 2728.530
Trials X Subjects 28 726,900 25.960
Total Ll 3760.250

Left Wrist Extension

Source ar 53 M3 F
Trials 2 7666 34833 «13
Sub jects 1l 1U67.723
Trials X Subjects 28 829.966 26,6l 1
Total Ll 23054355

+ - a

Fo 087 3.3k = p gu057,

a

Winer, Be Jey Statistical Principles in Experimental

Design, New York, McGraw-Hill, 1962, p. 6L2.
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TABLE I ~~Continued

Right Grip

Source arf 38 MS ¥
Trials 2 8554630 4,27.815 6 .Olys
Sub jec ts 1l 201l 1190
Trials X Subjects 28 1720.800 61.,57
Total Ll 14590.920

Left Grip

Source ar 38 MS F
Trials 2 2654260 132.630 2,02
Subjects 1l 2151, .870
Trials X Subjects 28 1817.420 6l,.907
Total Ll 1,237.550

%@2’28 > B‘Bu = p<005a.

a . L.
Winer, Be. J., Statistical Principles in Experimental Design,
New York, McGraw-Hill, 1962, p. OL2.




TABLE II

DIFFERENCES AMONG CONTROL GROUP MEANS ON
STRENGTH VARIABLES

Right Wrist Ixtension

Means A2 ' ' A3
X, 20.41 Ay 3.87# .
X 2l.28 A, 1.3l
E; 25.62 |

-;:-9_>1.76 = p‘<.05'.

Left Wrist Flexion

Means A2 A3
z'l 49147 Ay 5,884 5.09%
x3 5l .56

#d  3.01 = p ,05.

Right Grip

Means A2 A
35 52,81 Ay 3,52 10.504
X, 56.33 9T
X, 63.31 2

-::-_d,_>5.87 = p<.059-

a
Winer, B. J., Statistical Principles in Experimental
Design, New York, McGraw-Hill, 1962, p. 642.




50

bxporimental group.--As evidenced by the F ratios in Table

III, significant differcnces exlsted among the experimental
group's initial, criterion, and final measures of strength on
the following. cable~tension btests: right wrist flexion and exw
tenslon, left wrist flexion and extension, right grip and left
grip. The application of the critical difference test to de-
termine wherc differences existed reovealed a significant
difference between the initial and criterion and between the
criterion and final measures of strength on all six cable-
tenslon tests administered to the experimental group. The
differences reflected an increase in the scores between repsated

measures .«

TABLE III

ANALYSIS OF VARIANCE AWONG INITIAL, CRITERION, AND
. FINAL STRENGTH SCORES FOR EXPERIMENTAL GROUP

Right Wrist Flexion

Source af 3S MS F
Trials .2 1149.250 57l .625 304004
Sub jects 1l 117834970
Trials X Sub jects 28 536.190 19.149
Total Ll 6l69.10

""Eg_),gg 7 33l = P <.05'a,

aWiner B :
) W s Be Jo, Statistical Principles in Fx erim )
Design, New York, MeGTaw-Hi1l, 1967, p.}bu — perimental




TABLE III ~-Continued

Right Wrist Extension

51

Source at SS MS F
Trials 2 625.005 312,502 | 30.62%
Subjects 1 1413.582
Trials X Subjects 28 28,951 10.176
Total L 23234538

Left Wrist Flexion
Source af SS MS F
Trials 2 869.420 L3710 | L2704
Sub jects 1 6995 .80
Trials X Subjects | 28 285,020 10.179

'Z'FZ 28>3 31} = P<005a

a

Winer, Be. Je, Statistical Principles in Experimental
Design, New York, McGraw-HilI, 1G62, p. OL42.




TABLE 1II ~-Continued

Left Wrist Extension

52

Source af 38 M3 P
Trials 2 408,275 204,137 | 62.214%
Subjects 1 ,929.1,80 '

Trials X Subjects | 28 91.872 3.281
Total L 5429.627
Right Grip

Source af 38 MS B
Trials 2 29302.59 [151.295 51.11x
Sub jects 1l 716l 370
Trials X Subjects | 28 630.070 | 22.602
Total Ll 10097.030

*Fy,08p3+34 = pg.05°

a

Winer, B., Js, Statistical Principles in Experimental

Design, New York, McGraw-Hill, 1962, p. 642,




TABLIL IIT -~Continued

53

Left Grip
Source ar 35 13 I3
Trials 2 1671.090 835.5L5 | 20413
Sub jects il 6178.320
Trials X Subjects 28 1162,060 11.502
Total Ll 9011.470
a3

2,28 7 3.3h = p ¢ .05

&Winer, Be Je, Statistical Principles 1ln Experimental
Design, New York, McGraw-Hill, 1962, p. OL2.

TABLE IV

DIFFERENCES AMONG EXPERIMENTAL- GROUP MEANS ON
STRENGTH VARIABLES

Right Wrist Flexion

Means A2 AB
fii 19.53 Ay Lo | 12.16%
f%é 53.60 A, 84094
?} 61.60

‘::‘9; > 3.27 = p oOSa

a ]
Winer, Be Je, Statistical Principles in Experimental
Design, New York, McGraw-Hill, 1962, p. oL2.
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TABLE IV «~Continued

Right Wrist Extension

Mean A A
2 3
Xl 23473 Al 34274 9.01%
Jca 2700 A2 5o Tl
X 32,70
3
-;@_)2.39: p 4 +05.
Left Wrist Flexion
Mean A2 A3
1 19.03 , Ay 5.2 10,764
X, 5h.6 A, 5. 3l
X 3.80
3 59

%_d_.. > 2.39 = p<005.

aWiner, Be Je, Statistical Principles in Experimental
Design, New York, McGraw-Hill, 1962, p. 0Ol2.
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TABLE IV =~Continued

Left Wrist Extension

Mean Ag AB
Xy 21.87 Ay 2.81x 6 924
5 7
X, 2L .78 AZ
X 28.7
3 9
#d 5 1435 = p <.05
Right Grip
Moan A2 A3
Xy 56.20 : Al 6.054 17 .27
EE 62,25 | ' K, 11,224
T 7347
3 L

~;:-§- >3.55 = p.05%

a

Winer, B. J., Statistical Principles in Experimental
Design, New York, MeGraw-Hill, 1962, p. EH
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TABLE IV -=Conbtinued

Left Grip
WY A A
Mean 5 3
Xy 53.80 Ay 6.58% 1l .89
?; 60.38 84314
-i- 68‘6
3 9

*g:>u.82 = p ¢.052

aWiner, Be J., Statistical Principles in Experimental
Design, New York, McGraw-Hill, 1902, p. OlLZ.

Wall Volley Tests

The source of variance, degrees of freedom, sum of squares,
mean squares, and F ratios for the control group's repeated wall
volley measures are presented in Table V3 -the corresponding ine
formation relevant to the experimental group ls presented in

Table VI

Control group.--No significant difference existed between

the control group's initial and final tennls tests, or between
the 1nitial and final volleyball tests. A significant dilfference
did exist between the control group's initlal and final badminton

tests. The difference was a change in the positive direction.



ANALYSIS OF VARIANCE BETWEEN INITIAL AND FINAL

TARLE V

WALL VOLLEY SCORES FOR CONTROL GROUP

57

The Dyer Revislon of the Backvoard Test of Tennls Abllity

Source ar SS- MS F
Trials 1 116.033 116.033 3460
Subjects 1l 1262.800
Trials X Subjects | 1L L9 67 32.10L
Total 29 18284300

Miller's Badminton Wall Volley Test

Source ar S8 MS ¥
Trials 1 18,133 L18.133 10,324
Sub jects 1l 2777200
Trials X Subjects {1l 565.867 Lo.119
Total 29 3761.200

#Ey,1 Y460 = p Zi.OEg.

a ,
Winer, B. J., Statistlcal Principles in Experimental

Deslgn, New York, McGraw-Hill, 1062, p. OL2.

LeSLpn, !
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TABLE V «=Continued

Clifton's Single Hit Volley Test for Women's Volleyball

Source - ar 55 S F
Trials 1 364300 364300 216
Subjects 1l 1027.800
‘Trials X Subjects 1l 2064200 1,728
Total 29 12704300

Experimental group.--As evidenced by Table VI, a significant

difference existed between the experimentalgroup's initlial and
final wall volley scores in tennis, badninton, and volleyball,
An examination of fthe experimental group's wall volley means
~found in Table VIII indicates that increases 1n scores occurred

on the final wall volley testse



59

TABLE VI

ANALYSIS OF VARIANCE BETWHEN INITIAL AND FINAL
WALL VOLLEY SCORES FOR EXPERIMENTAL GROUP

A b B et —t

The Dyer Revision of the Backboard Test of Tennis Ability

Source af SS MS F
Trials 1 418.133 418.133 1l .82
Sub jects 1 2171.800
Trials X Subjects 1l 39 .867 28.20L
Total 29 298l .800

Millerts Badminton Wall Volley Test
Source af SS MS F

Trials 1 278,033 .278h.033 394364
Sub jec ts 1l L776.800
Trials X Subjects | 1l 1203.L67 85.961
Total 29 876l 300

%e -

By, ple60 = p .05

a

Winer, Be J., Statistical Principles in Experimental
Design, New York, McGraw-Hill, 19062, p. OL2.
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TABLE VI -<Continued

C;ift5n's Single Hlt Volley Test for Women's Volleyball

Jource ar S8 M3 | I
Trials 1 7304133 7304133 2Ly 3%
Sub jec ts 1l 3905 .667
Trials X Subjects | 1l 176,867 3L.061
Total 29 511265667

s = . e

L1,1, 7 k00 = p ¢ Lor

a

Winer, Be. Je, Statistical Principles in Bxperimental

Design, McGraw-Hill, 1902, p. 042,

Control and Experimental Group Differences

The control and experimental groups! means and standard
deviations for each of the sitrength measures are presented in
Table VII. The t ratios resulting from the tests for differences
between proup means are displayed in Tablo VII also. The correse
ponding information relevant to wall volley scores is presented‘
in Table VIII. Nine of the twenty-Tour t ratios computed were
glgnificant,.

Initial measures of strensth.--An examination of the re-

sults round in Table VII indlcates that no significant differences
exlsted between the two groups' means on any of the initial

strongth measures.,
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Criterion measures of strencthe--The only significant

difference that existed between the control and experimental

groups' means on criterion measures of strength was leflt gripe.

Final measures of stronsth.--~The only final strength

measure on whieh the control and experimental and control

groups?! means dld differ significantly was left wrist flexione.

DESCRIPTIVE STATISTICS AND &
ON STRWNGTH MEASURES

TABLE VII

RATIOS

FOR GROUPS

mests Experimental Group Control Group t Ratio
Mean 5D Mean SD
v | L9.53 9.72 5,81 5.61 1.2l
CRWI 53.60 12.23 50.00 )36 .89
FRUF 61.69 10,51 L9.19 .00 3ol
IRWE 23473 5.8 2001 l1e37 L.77
CRWE 27400 5430 2l .28 l;.08 1.53
FRWE 32.75 732 2562 3432 3,284
TV 9.0 12,25 LoJdi7 | 10.58 .10
“CLWF Sh.% 13.12 55435 919 «21
FLWP 59.80 11,70 5L .56 5.86 1.50
ILWE 21.87 10490 20.97 10.93 $22
CLWE 2l .78 .éf 21.01 i .37 1.22
LW 2 079 10.2 } 21087 3‘82 2.37’:3‘
IRG 56.02 12.72 52.81 9.15 o831
CRG 62.25 13.85 56433 10.28 1.28
FRG 73647 12.88 63.31 772 2,53



TARLE VII ~-Continued

Teshs Experimental Group Control Group t Ratilo
Mean 3D Mean SD
ILG 53.80 11.60 16425 0430 S 1.90
CLG 60.38 12,19 50497 8.73 2435
FLG 68,69 11433 5175 10.11 3.624

51,10, 215 = pgo5?

a
Guilford, J. P., Fundamental Statlistics in Psychology
and Education, New York, McGraw-Hill, 1965, DPe 5060

DLegend: R - right
L - Lelt
P o~ flexion
I - extension
G - grip

Initial wall volley testse.--The & ratios shown in Table

VIII revealed that there were no significant differences between
the control anc experimental groups! means on the initial tennis,
badminton, and volleyball wall volley testse

Final wall volley tests.--As evidenced by Table VIII,

significant differences existed between the two groups on the
final wall volley scores in tennis, badminton, and volleyball.
By referring to Table VI, it can be seen that the experimental

group means increased significantly on all wall volley testse.
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TABLE VIII

DESCRIPTIVE STATISTICS AND & RATIOS FOR GROUPS
ON WALL VOLLEY MwASURIS

Tests Ekperimental Group Control Qroup & Ratio
Moan oL Mean SD
71 39.&7 8.72 333 7.80 1.6l
TR 16493 9.75 38.27 7430 2664
BI 10 .67 11.07 33487 10.56 1.66
BF ] 59.93 16.62 1.33 10.55 3 o5l
VI 30.40 12,5 27.20 7.17 .83
VF L0427 11.71 29,40 5.56 3o 1l

Y : = 05

.{_’El’ ll}.> 8015 P < 05 .

Guilford, J. Pe, Fundamental Statistics in Psychology and
Education, New York, McGraw-H1ll Company, 1905, p. 580

Relatlonships Amonge Variables

The relationship of strength to wall volley measures was
of interesty thercefore, the Pearson r statlistic.was computed to
determine whether relationships existed. These are shown in
Table IX, and were computed by combining the control and experi-
mental groups! scores.

Also of interest wers relationsﬁips among repeated strength
measures and between wall volley initvial and final tests. The
r's provide estimates of the reliablility of these tests. The

comparisons relative to the strength scores are shown in Table Xe
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Strencth and wall volley tests.-=-According to Table VII,

significant relationships existed betwecen the initial tennils
wall volley tests and the following measures of strength:
tnitial, criterion, and final right wrist flexlon; criterion and
final right wrist extension; final right grip; and final lefl®
prip. All other eleven measures ol strensth were not signiflcant-
ly related to the initlal ftennis tests. The final tennlis scores
were significantly related to the following strength measures:
initial, criterion, and final right wrlist flexion; criterion
right wrist extension; initial and final right grip; and Tinal
left grip. The remaining nine strength measures; inlitial and
final right wrist extension, all left wrist flexion, all left
wrist extension, and cwriterion right grip, were not significantly
related to the final tennls scorese

The initial badminton scores were significantly related to
the following strength measuresy final left wrist flexion,
initial left extension, and final left grip. The other fifteen
strength measures were not significantly related to the initial
badminton tests. Final right wrist flexion and extension, final
left wrist flexion, final right grip, critefion left grip, and
final left grip were significantly related to the final badminton
scores; the remalning twelve strength measurss were not signifi-
cantly reletod.

Seven of the elghteen strength measures were significantly

related to the initial volleyball scores; the measures were



criterion and final right wrist flexlion: 1nitial, criterion, and
final lelt wrist flexion; and criterion right and left grip. The
Tinal volleyball scores were significantly related to the follows
ing strength measures: initlal, criterion, and final right wrist
flexion; initial, eriterion, and final right wrist extgnsion;
final left wrist flexion; initial, crlterion, and final right
grip; and initial, criterion, and final left grip.

In summary, volleyball skill exhibited the largest number
of significant relationships to strenpgth of the three sports
in question. Teunls skill was second, ylelding sixteen signifi-
cant reloatlonships to strength. Nine significant relationships

exlsted between badminton skill and strengthe

TABLE IX

COZFFICIENTS OF CORRELATION BETWIEN STRENGTH VARIARBRLES
AND WALL VCLLEY MEASURES

Tests IT By IB FB v FV
LRWF W5 NIRE? 1 .10 032 3L 74
CRWF 37 Jilys .06 «36 o5l 5l
FRWE | 18 o584 20 <50 oli 3% <584
IRWE 25 .28 L0l .18 «29 olilse
OTWE oyl o1} Qi .15 .35 «29 olj 33
FRWE o 37 % <35 W15 75 | W26 Slisr
ILWF .19 .19 W23 26 A5 032



TABLE

IX «=Continuecd

66

Tests IT BT IB 3 Iv v
T 09 . 1L 32 280 |1 1.2
FLWE .19 .2l 75 S5 E I e 7 L5
ILWE .01 .09 - 3% ~.18 o1l 0l
CLWE 23 032 ~ 26 -.03 .11 o2l
FLWE 21 « 30 -ol7 .08 -s01 19
IRG 032 e 303 ‘.10 e 32 27 o 373
CRG 2l 032 v33 25 o1y 0% NINES
FRG lylyae L7 .32 LB | .28 o5 3
ILG 30 ollpse -.02 «33 .36 «504
CLG .3l 505 «29 Ji0% | Wil 50
FLG ol Ot oSl oy 8 60 | L2 «53%

Trp,08 > 36 = p 050,

aGuilford, Je Pes Pundamental Statistics in Psyeholopy and

Education, New York, McGraw-I'ill ComMpanys 1065, D 50Le

Reliability among repeated strength measures .--The relia-

bility coeflicients for repeated measures of right wrist flexion

ranced from .73 to .81,

was <72 to .79;

The range for right wrist extension

The reliability for repeated measures of left

wrist flexion ranpged from .8l to .87.

Lelt wrist extension

roliabllities among repeated measures ranged from .73 to .05,
O O 7/

Right grip strength reliability among repeated measures ranged
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from 67 to .77. Reliability coefficients among repeated
measure of left grip ranged from .50 to .8l. In general the

reliability was highest among the criterion and final measures.

TABLE X

CORRELATION COEFFICIZNI'S AMONG INITIAL, CRITERION,
FINAL STEENGTH MEASURES ‘

Right Wrist Flexion

Test-Retest Criterion Final
Initial o T34 o7 35
Criterion 81

Right Wrist Extension
- Test-Retest Criterion Final
Initlal o794 o724
Criterion . T

"I 5,08 > +36 = p¢.05"

aGuilford, Je Po, Fundamental Statistics in Psychology
and Education, New York, McGraw-Hill, 1905, pP. 5O01.




TABLE X ——Continqgg

Left Wrist Flexion

68

Tost=Retest Griterion Final
Initial Bl4 Bl
Criterion 874
Left Wrist Extension
Test-Retest Criterion Pipal
Initial « 79% o733
Criterion « 954
Right Grip

Test~Retest Criterion Mnal

Initial oé’l% 077'.’-('
Criterion gt

" 2,08 36 = p ¢ L05°

&
Guilford, Je. P., Fundamertal Statistics in Psychology

and Education, New York, NeGraw-Hill, 10065, Pe 5SL.
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TABILE X ~-Continued

Left Grip
Test-Retegt Criterion | Final
Initial « 504 ' b4
Criterion <81

r 2,28 7'36 = r><f-05a

aGuilford, Je Po, FPundamental Statistics in Psychology
and Education, New York, NcGraw-Hill, 1965, DPe 581e

¢

Reliability between repeated wall volley tests.-~The re-

lationships between the initial and final wall volley measures
of tennis, badminton, and volleyball were estimated to be .65,
67, and .73 respectively. These significant relationships

indlecated that the wall volley tests were reliable measures of

skill,

Tests of Hypotheses

)Hypothesis I stated that there would be no significant
difference among the initial, criterion, ahd final measures of
strength. The control and experimental groups were considered
separately. The results indicated that significant differences
existed between the control group's initial and criterion
measures of right wrist extension and left wrist flexion. A

significant difference existed between the criterion and final
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measures of right grip. Hypothesis I relative to the control
group'!s measures of right wrist extehsion, left wrist flexion,
.and right grip was rejected. Since significant differences
existed among all of the experimental group's initial, criterion,
and final measures’Sf s trength, Hypotheslis I relative to the
experimental group was rejected.

Hypothesls II stated that there would be no significant
difference between the initial and final means of the wall volley
scores. The groups were considered separately. Since a signifia
cant difference existed between the initial and final measures
of the control group'!s badminton scores, Hypothesis II relative
to the control group's initial and final measures of badminton
was rejected. Since the results indicated that the experimentél
group's means differed significantly between all of the initial
and final wall volley tests, Hypothesis II relative to the ex-
perimental group was rejecteds

Hypothesis III stated that there would be no significant
difference between the means of the experimental and control
group's initial measures of strength, criterion measures of
strength, final measures of strength, initial wall volley scores,
and final wall volley scores. The results indicated that the groups
did not differ significantly at the initlal and eriterion stages of

E

c i crerefore hypotheals TIT relatlve to bhe Initisl weosurag
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that the group means differed significantly on all tested
variables except left wrist flexion, Hypothesgis III was re=-
jected for all varlables except left wrist flexlone

Hypothesis IV stated that the correlation among all strength
variables and wall volley scores would net differ éigg‘n‘ificanﬁiy
from zero. Since significant coefficlents of correlation ap-

peared in Table IX, Hypothesis IV was rejected,
Discussion

Strength Tests

The findings of this study relative to the exlstence of
critical differences between the experimentallgroups initial
and criterion measures of strength are in accord with other ine .
vestigations (5). This finding agrees with Kroll's reported
increases in recorded levels of right wrist flexion strength
in cable-tension test;retest situations utilizing male subjects.
He hypothesized that the lncreases were a result of learning
and/or physiological stimulation. Since these ipcreases did
occur, Kroll recommended that care be taken in selecting re-
liable criterlion measures of strength when strength increases
were to be lnvestigated. Unlike Krollts findings, and unlike
the strength increase pattern shown by the experimental group
in this study, the control group of fhis invéstigation did not
increase in strength from the initial to the ceriterion measures.
Although the control group failed to evidence strength increases

on four of the criterion measures, the attainment of the purposes
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of this investigation was entirely possible. The criterion
measures were recorded specifically to obtain reliable measures
that would indicate current levels of the subject's strength
prior to the isometric strength training schedule. In this way
increases in strength that avpeared in the final measures could
be interpreted as real strength increases rather than increases
in strength that might be attributable to testing artifacte
The failure of the control group to yield increases in strength
scores on four measures is unexplainable within the scope of
this studys ‘however it éppears that the level of sirength re=
corded for the control group on the initial and criterion
measures was the current level of strength fof those subjects,
Since group placement was not designated until af ter the
criterion measures were recorded, the Hawthorne Effect is noit
an adequate explanation. Delayed learning, which was described
by Kroll as the failure of the subjects to learn how to exert
maximum tension on the initial measures, probably was not a
factor in this study. Any delayed learning should have occurred
in both groups due to the fact that they did not have a group
identification at the time of testing. Fatipue could not have
been a contributing factor since care was taken to eliminate
a fatigue pattern by rotating the order of test administration.
Numerous studies have supported the hypothesis that iso-
metric exerclse results in strength increases. Since the
experimental group's treatment period intervened the criterion

and final cable-tension tests, strength increases were expected
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between the experimental group!s criterion and final measure
of strength. The results were conslstent with the conclusions
expressed in the research literature.

Since care was taken to establish reliable criterion
meagsures 'of strength no significant increases in recorded levels
of strength should have occurred that were not results of the
overload principle utilized in isometric strength traininge.

The control group did not participate in the strength training
program, and as was expected, no significant increases occurred
on the final measures of strength. ,fhe one exception to this
was the control group's increase in right grip strength on the
final measure. The cause of this unexpected increase in right

grip strength is unknown.

Wall Volley Measures

The fact that the experimental group improved significantly
on all three wall volley tests whereas the control group im-
proved significantly on only the badminton wall volley tests,
. appears to justify an Interpretation that increases in strength
enhance wall volley performance. In fact, 1t seems justifiable
to state that the experimental group's improvement on all final
wall volley tests might well be atrributed to strength training.
None of the subjects were exposed to skill practice in the sports
ol'’ tennis, badminton, and volleyball. PFurther, none of the sube
jects were allowed to practice the tests. Any improvement in

performance would be related to strength increases. This is
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further verified by the control group's failure to exhibit a
significant increase on the final wall volley tests. Since the
only differentiating factor between the groups was that the ex=-
perimental group had strength training and the control group did
not, strength lnereases appear to be a quite ratlonal sxplanation
for the superiority of the experimental group over the control
group on all wall volley testse

Control and Experimental Group Differences

Dirferences between groups on final measures may be inter=-
preted in view of the fact that care was taken to equate the
groups initially as closely as possible. All subjects, accord-
ing to their self-evaluations, were of average or above average
skill in the sports of tennis, badminton, and volleyball. Sub-
jects were matched on the basls of a composite level of criterion
strength scores. After the subjects! strength levels were match-
ed, their placement in each group was by random selection. In
view of this it is not surprising that the groups did not differ
gignificantly at the initial or criterion stage of testing.

The significant differences between groups at the final stage

of testing can be interpreted to be a result of strength train-

ing. The only factor on which the experimontal group was not
significantly superior was left wrist flexion. The fact that

| the groups did not differ significantly on left wrist flexion

is difficult to explain within ‘the limits of this study. It

may have been a significant difference that was due to chance

alone,
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Voyt (9), in a similar sbudy, reported no significant dife-
Terences in the tennis skills of an experimental group that had
had strength training, and a control group that had not had
strength training. These nonsignificant differences that were
found bébtween Voyt's groups were contradlictory to the signifi-
cant differences found between the groups in this study. However,
Voyt did not employ criterion strength measures. Her findings
reflected strength increases for both control and experimental
groups. Since increases are to be expected in cable~tension
test~reteat situations, the control éroup might have evidenced
an increase due to delayed learning. The control group strength
increase might also have been due to the practice that occurred
in the initial test. Perhaps a better estimate of between-group
differencecs could have been attained by Voyt had reliable cri-
terion strength estimates been employede

The same criticism may be extended to Lindburg!s (7) study.
He reported no Iimprovement in sténding broad jumping abllity
after a period of strength training. Since the strength tralne
ing group reflected significant strength increases and yet did
not improve significantly on sbtanding broad jumping ability, he
concluded that the treatment was not beneficial to broad jump=-
ing performance. Perhaps the strensgth increase was a result of
the strength test-retest schedule. I this phenomenon is a
result of learning as Kroll has hypothesized, thon it is possible
that the group did not have a statistically significant increase

in strengthe
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Relationships Among Variables

The results of this study indicated that strength was
significantly related to skill and that the reliability of rew
peated measures was relatively high. Forty-five of the onew
hundred-eight correlations among strength measures and wall
volley scores were significant. As strength increased and wall
volley performance improved the number of significant relation-
ships increased. This perhaps indicated the relative importance'
of strength to sklll. More significant relationships might have
occurred in even greater magnitudes had both groups improved in
skill and strength or had the correlations been computed for thg
groups. separately.

Twenty significant correlation coefficlents between volley-
ball and strength were found. Sixteen existed between tennls
and strength, and nine were evidenced between badminton and
strength. These findings could be explainéd by the fact that
most of the subjects were right-handed and the nondominant sidse
would not be expected to affect a racket sport as readily as the
dominate sides. If this is true, then volleyball should and did
have a greater numbor of significant relationships since both
limbs are used in the executlon of moat skllls In the sport.
Perhaps strength is not as highlj related to badminton as to
‘tennis because of the lighter projectile used in badminton.

The angde of contact differs also. Since the badminton racket

face is iilted upward, less force 1s required to achieve

distance (1)
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The results of this study relative to relationships be-
tween wall volley scores and strength variables indicate that
grip and wrist strength are related to skill. The magnitude
among sisnificant relationships ranged from 37 %o 60, Fook
(li) reported relationships that ranged ITrom .22 to 67 betwsen
strensth measures and total ability in baseball. The results
of the two studles are relatively similar. However, ook re=
ported slightly higher rclationships betwcen strongth moasures
and individual components of baseball ability which would ine
dicate strenpgth 1s related to some specific skills more than
others.;.Lamp also found low bubt consistent relationships be=
tween grip strength and specific skillg of volleyball.

Hinbton and Rarick (3) attempted to determine the correlation
between Ropers! test and the Cubberly and Cozens! Test of Basket-
ball Achievement thmough the use of multiple correlations. A
correlation of .55 between arm strqngth and basketball achieve-
ment proved to be the highest relationship between any two
variables. Although direct comparisons between the present
study and the one 1n question are inappropriate, the results
rclative to magnitude are similar,.

The relationship betweoen variables in test-rotest situatlons
indicates that the tegts utilized in this study are of singifi-
cant magnitude to be conslidered reliabley thercfore conclusions
regulting from this study have a substantial basis.

In summary, the findings bf this study revealed significant

increases of the experimental group measures over the control



78

group's performance on the final tests of both strength and
wall volley skills., Thecse measures were attributed to the
strengbh training of the experimental group. The variables

of strength and wall volley skill were significantly related.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

This study was degigned to determine the effect that grip
and wrist strength has upon performance on selected wall volley
tests., Thirty college women who had previously experienced the
sports of tennis, badminton, and volleyball were subjects in
the investigation. Data utilized in accomplishing the objectives
of this study were composed of scores derived from the adminig-
tration of cable-~tension strength tests, tennis, badminton, and
volleyball wall volley tests.

Initial wall volley tests and strength measures were ad-
ministered during the first week of testing. Criterion
strength measures were administered two weeks after the Initial
measures. The criterion measures were recorded for the purpose
of having a reliable estimate of strength. The experimental
design was a two-group design in which the groups were
matched on the basis of criterion wrist and grip strength.
Following group placement, the experimental group was subjected
to two weeks of isometric strength training of the grip and
wrist flexors and extensors. At the conclusion of the treat-
ment period, final wall volley and strength teéts were

administered to both groupse.
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Statistical treatment included the computation of means,
standard deviations, F ratios for repeated measures, critical
differences when appropriate, t ratios for between-group dif-
ferences, and Pearson product-moment coefficlients of correlation.
The .05 level was used as the decision rule fpr re jection of
the null hypothesis, These statistics were used to examine
differences between the experimental and control groups, dif-
ferences of each groupt!s performénce on repeated tests, and
relationships among the variables.

The results revealed that the experimental group means
increased significantly among the initial, criterion, and
final measures of strength. The control group evidenced in-
creases on only two measures of strength between the initial
and criterion tests. As was expected, the control group did
not exhibit a general increase between the criterion and finai‘
strensgth measures. The experimental group improved signifie-
cantly on all wall volley tests between the‘initial and final
tests while the control group improved only in badminton.

The control group and the experimental group did not
differ significantly on the inltial and criterion measures
of strength, but the experimental group did significantly
surpass the control group on all of the final strength
measures except left wrist flexion. No significant differences
existed between the groups on the initial wall volley measures,

but the experimental group was superior on all final measures.
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Forty-five of the ona—hundred-eiéht coefficients of
correlation were significant. The results indicated that skill
in tennis was significantly related to grip and right wrist
strength. 8kill in badminton was related to grip and wrist
strength. Skill in volleyball was related toc right wrist
strength, left wrist flexion, and grip. Based on the number
of significant relationships, volleyball gklll seemed to be
the most highly related to grip and wrist strength of the
‘three sports that were investigated. Badminton, although
related to strength, evidenced the fewest number of significant
relationships to grip and wrist of the sports involved in the

studye.

Conclusions

Within the limitations of this study, the results justify
the following conclusions;

1. Increased strength enhances skill performance on wall
volley tests of tennls, badminton, and volleyball. Since these
wall volloy tests were designed to evaluate game skill, i%
might be concluded that strength increases will enhance overall
skill in tennis, badminton, and volleyball.

2. Isometrle exercise results in significant strength
Increases.

3. Skill in tennis, badminton, and volleyball is related
to grip and wrist strength.
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Recommendations

As a result of this study the following recommendations
are presented:

1. Students having difficulty in the sports of tennls,
badminton, and volleyball should be tested to determine if .
grip and/or wrist strength is weak.

2+ Training designed to increase grip and wrist strenpth
should be Included in the training program for females particie
pating in the sports of tennis, badminton, and volleyball.

3. A similar study should be conducted utilizing junior
and senior high school girls. Since skill has been reported
to be more general during the developmental stages than in
adults, strength might be more of a component of skill at this
age than in adults.

lie Since the significance of strength in the learning
brocese of tennis, badminton, and volleyball may be less in
male subjects, a simllar study should be conducted utilizing
male subjects.

5. PFurther investigation should be conducted to examine
the strength element and its relationship to varying lévels of
skill.

6. TPurther investipation should be conducted to examine

the strenpgth element and its relationship to specific skills

within sportse.

-



APPENDIX A

ADJUSTABLE HAND GRIP AND TENSIOMETER
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APPENDIX B

EXPERIENCE QUESTIONNAIRE

NAME CLASS TEACHER AGE
CLASSIFICATION WELGHT HEIGHT

This guestionnaire is designed to determine your present
experiencs and skill in badminton, tennis, and volleyball,

EXPERIENCE: Where possible, Indicate thec degree of experience
for each category. For instance, 1f you had 2
six weeks tennis unit in the 7th, 8th, and 9th
grade in junior high school, you might place the
numbers 7, 8, and 9 in the blank corrcsponding
to "JUNIOR HIGH TENNIS." If you won any district
or state tournaments in a sport, indicate:this.

TENNIS BADMINTON VOLLEYBALL

JUNIOR HIGH

HIGH SCHOOL

HIGH SCHOOL VARSITY

COLLEGE

COLLEGE VARSITY

RIVATE LESSONS

LAYGROUND

CAMP

85.
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APPENDIX B ~~Conbtinued

SKILL LEVEL: Rank yourself according to the degree of skill
you think you have achieved in each activity.
Examples ol each category are listed below.

TIGHLY SKILLED: VYou have becn selected by a coach for a
" varsity high school or college team, or you
have played in ftournaments and placed in at
least one. '

Good: You made good grades In the activity, or you have
played in tournaments but never placed.

Average: You are capable of rallying in tennis and badminton
and volleying in volleyball. VYou know the basic
skills and strategy of the activity. You are better .
than some people but not as good as others who have
taken a course in the activity.

Unskilled: You have never played the activity nor had any
lessons; or, you had a small exposure to the
activity in school but you did not get to
practice and therefore were unable to develop
much skill in the activity.

TENNIS - BADMINTON VOLLEYBALL

HIGHLY SKILLED

GOOD

AVERAGE

UNSKLLLED




APPENDIX C

DYER REVISION OF THE BACKBOARD
TEST 0F ThiNiS ABILITY

Equipment
1. Stop watch
2. Wall sapce ten feet in height and fifteen feet in width
3. DRox for extra balls
i. Tennis racket
5. Tennis balls

6. Score sheets and pencil

Marking
1. A restraining line fifteen feet long was taped on the lloor.
The line was five feet from the wall and parallel to the
walle.
2. A fifteen foot long line was taped on the wall so the top

edge was three feet from the floor and parallel to the

Tloor.

Scoring
l. Three thirty second trials separated by rest periods were
administered.
2; The final score for each individual was derived by summing
the number of legal hits made during the three trials. A

legal hit was one in which the ball was projected against

87
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AFPENDIX C -~ Continued

the wall on or above the wall marking while the subject

was behind the restraining line.

Testing

l. The subject held two balls.and stood behind the restralning
line.

2. At the signal "go", the subject dropped one ball letting

| it bounce at least once and then projected 1t against the

wall as many times as possible during the thirty second
time limite¢ A box of exbra balls was placed on the non-
dominate side of the player adjacent to the restraining

line.



APPENDIX D

MILLER'S BADMINTON WALL VOLLEY TEST

Equipment
1. Badminton racket
2+ Indoor shuttlecock
3. Stop waich
o Poncil and score sheets

5. Wall space ten feet Iin width and fifteen feet. in height

Markings
le A line ten feet long was taped on the wall so that the
top edpe was seven feet, six Inches from the floor and
parallel to the floor.
2. A restraining line ten feet in length was taped on the
floor so that the inside edge was ten feet from the wall

and parallel to the wall,

Scoring
l. Three thirty second trials separated by rest periods
wore adminlstered.
2e The final score: for each individual was derived by sum~
ming the three trials. A legal hit was one in which the
bird was projected against the wall on or above the wall

marking while the subject was behind the restraining line.

89



1.

2,

90

APPENDIX D --Conblinued

The subject held a shuttlecock and stood behind the
restraining line.

At the signal "go", the plaver served the shuttlecock
against the wall and proceeded to project the bird against
the wall as many times as possible within the thirty second

time period.
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APPENDIX E

CLIFTON'S SINGLE HIT VOLLEY TEST
FOR WOMLNTS VOLLEYRB

Equipment
Stop watch
Rubber volleyball
Score sheets and pencil

Wall space ten feet in width and fifteen feet in height.

Markings
A line ten feet in length was taped on the wall so that
the top edse was seven feet, six inches from the floor
and parallel to the floor.
A restraining line ten feet in length was taped on the

floor seven feet from the wall and parallel to the wall.

Scoring
Two thirty second trials geparated by rest periods were

administerede.

The final score for each individual was derived by summing

the number of legal hits attained during the two trials.
legal hit was one in which the ball was projected against
the wall on or above the wall marking while the subject

was standing behind the restraining line.

9L
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APPENDIX B --Continued

The subject held the volleyball and stood behind the
restraining line.

At the signal "go", the subject tossed the ball against
the wall and proceeded to volley it apgainst the wall as

many times as possible wilthin:the time limit.

92,
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APPENDIX F

CABLE~TENSION TESTS

Wrist Flexlon

Starting Position

The subject was seated at a table in a chair with the feect
resting on the floor and the free arm resting in the lap.
The upper arm on the tested slde was adducted and extended
at the shoulder to one hundred eighty degrees. The forearm
was placed between the braces and strapped in so that the
forearm was held in mid-prone and supine position; the elbow
was held in ninety degrees flexion. The wrist was held in

mid-position of range of motion of palmer and dorsal flexion.

Attachment

The handle was placed in the subject's hand just above the
metacarpo-phalangeal joinb.
The cable was attached to a four-by-four board that faced

the dorsal side of the hand.

Trials
The subject exerted tension in a horizontal plane toward
mid~line.
Thrce trials were recorded; on each of the trials the sube
ject exerted tenslon until a maximum reading was attalined.
The subject rested between trials while the measure was

recorded and the dial was resct,.
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APPENDIX P ~-~Continued
Wrist Extension

Starting Position

Same ay in wrist flexion

Same as In wrist flexion

Attachment
Same as in wrist flexion
The cable was attached to the four-by-four board that

faced the palmer side of the hand.

Trials
The subject exerted tension in a horizontal plané away
from mid-line,
The number of trials and rest periods was identical to

those in wrist flexion.
Grip

Starting Position

I

The upper arm on the tested side was adducted and extended

at the shoulder to one hundred elghty degrees. The forearm

was resting on the table and in pronation; the elbow was

held in ninety degrees flexion. The wrist was held in

mid-range of adduction and abduction.
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APPENDIX F ~~Continued

Attachment

The ¢srip was held between the mid~phalanx of the fingers
and the metacarpo-phalangeal jolnt of the thumbe.
The cable was attached to the adjustable part of the pgrip

and to the frame of the grip assembly.

Trials
The subject exerted tension in a horizontal plane by
flexing the fingers and thumb.

Three trials were recorded; on each of the trials, the

. 8ub ject exerted tension until a maximum reading was

attaineds. The subject restéd between trials while the

strength measure was recorded and the dial was reseb.



APPENDIX G

ORDER OF ADMINISTRATION OF STRENGTH TESTS

1 LW LT Rwk; RWE; LG, RG

II. Iwi%  LWE; RWF; RWE; LG; RG
ITI. LW, LWE; RWE, RW; L3; KG

IV. IwWf  LWE; RWE:; RWF; RG; LG
V. LWE LWF; RWF; BRWE; LG; RG
VIJ LW LWP; RWF;  RWE; RG; LG

S VII. Lwk;  LwP;  Rwe;  RWF;  LG;  RG
VIIT. Twl;  LWe; RWE;  RWF;  Re; LG

IX. ©RWF; RWE; ILwrF; LWE: LG: &G
X. RWF; RWE; Luf; LWZ; RG:; LG
XI. RWF; RWE; LwZ; LWF: 1LG; RG
XII. RWF; RWE; LWE; LWF; RG; LG
¥TII, RWE; RWF; LWF; LWE; L1G: RG
XIV. RWE; RWF; LW?; LWE; - RG., LG
XV o RWE; RWr LWis; LEF; - LG RG

XVI. RWE; RWF; LwE; LwP; RG. LG

XVII. LG RG;  LwP; LWE; RWF; ' RWE
XVITI. LOj RG;  LWF; LWE; RWE; R
XIX. L&;  Re;  LWE; LWF; RWF; RWE
XX. LGt RG;  Lw; LWP; RWE; RWF

XXT. RG; LG Ly IWE, RWF; RWE
XXII. RG; LG, Lwr LWE s RWE, RWF
XXIIT. RG; LG LWz, LWF; RWis  RWE
XXIV. RG; LG; LWE; LWF, RWE; RWF

LWF
LWE

Left wrist flexion
Lelt wrist extension
W ﬁ'l[”)'hlu wrlast loxlion
LW Right wrlist oxtension
LG = Left grip

RG ~ Right grip

iy
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