o
Lol
=)
<
(T4

I * National Library ~ Bibliothdque nationale CANADIAN THESES . THRESES CANADIENNES
of Canada du Canada \ “ON MICROFICHE . SUR MICROFICHE
iy ’ : } )

\
.4 \

Kevin C Pateick \U}\e‘ad

‘ fl\JAME OF AUTHOR/NOM DE L"AUTEUR
TITLE OF THESIS/TITRE DE LA THESE _ _THE EFFECT QF — TH R? e o
| | STRENGTH  TRAINING  INETHODS oM

e {e@FORMANCE, OF PRE- PUBESGNT SwimMMERS
GNIVERSITY  OF  PLBERTA

UN IVERSIIY-/UNI VERSITE

DEGREE FOR WHICH THESIS WAS PRESENTED/, = o e I N
GRADE POUR LEQUEL CETTE THESE FUT PRESENTEE MASTEL Oof SCIENCE IN - Pg. |

YEAR THIS DEGREE CONFERRED/ANNEE D" OBTENTION DE CE GRADE  SELR NG 9713

. NAME OF SUPERVISOR/NOM DU DIRECTEUR DE THESE —. DR . MOHAN __ SINGH

Permission is hereby granted to the NATIONAL LIBRARY OF  L'autorisation est, par Ia présente, accordée & /a BIBLIOTHE-
CANADA to microfilm this thesis and to Jend or sell copies ~ QUE NATIONALE DU CANADA de~microfi/mer“ette thése et
of the fiim, - o o g de préter ou de vendre des ekemp/aire.é du film.

‘The author reserves other publication rights, aqd neither the [ ’suteur _‘s‘e' réserve les autres droits de publication: nila

thesis nor extensive extracts from- it may be printed or other- thdseni de longs extraits de celle-ci ne doivent étre imprimés
- wise reprodiced without the author’s written permissjon, . - ou autrement reproduits sans I'autorisation écrite Wuteur:

| | #/0/ -
130- 2 st S
-Cah{i.q% Al ‘ ”I;afj’m?'

PERMANENT ADDRESS/AESIDENCE FIXE




THE UNIVERSITY OF ALBERTA

rHE EFFECT OF
iHRﬁE STRENGTH TRAINING -METHODS
ON THE PERFORMANCE OF B
PRE-PUBESCENT COMPETITIVE SWIMMERS

| ‘
L2

| (::::) KEVIN PATRICK WHELAN .
% |

A THESIS |
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES
IN PARTIAL FULFILMENT OF THE REQUIREMENTS

FOR THE DEGREE OF MASTER OF SCIENCE

¢

 DEPARTMENT OF PHYSICAL EDUCATION

EDMONTON, ALBERTA

" SPRING, 1975



THE UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDiES

The uhdersighed certify.that they have read,‘and recommend to

the Faculty of Graduate Studies for eccebtance, a thesis entitled,
jE”The Effects of Three Strength Training Methods on the Performance
of Pre~ uubesceut Competitive Swimmers," submitted by Kevin Patrick

Whelan in partial‘fulfilment of the requirements. for the.degree of

Master of Science.

/‘/%»/ﬁfﬁ

(Supervisor)




ABSTRACT

Thekpurpose of this study was to determihe the relative
effecte of,etrehgth treihing oftthe.arms oith ho such arm strength
ttainihg on‘the performance of prefpubesceht (7 to 12 years) -
.competitive'a&imoers for a 100 metre froht crawl swim, Subproblemsi
Awere the effect of a series of non-resistive flexibilit} exetoiaea
on swimming performence; and the effects of the sex of the subjects"
in response to the three methods ofrstrenéth trainihg ee heesored
by-arm'strehgth endhimproyementhofbawiﬁming petformance.

| . Fifty—foutvfirst year competitive Ewimmexeiwere‘aseigned_'
o , Sty
to‘sixvgroops‘of nine eaeh on the basie'of ihitial awimhing time
Vand a;e; Eight ewimmers did not complete the program leaving,
ohtrol groupfof seven, a control group with flexibility exerciees
' of seven, an '{sometric ‘group of seven, an ieometric group with
flexibiliCyggxercises of eight. a, dynamic group of nine, and a
dynamic group with flexibility exerciaes of eight. The analyais
vas conducted on swimming time to the nearest one-tenth of a N
second and on force. ‘The strength‘ecore was the average of two armv
' strength teats foroeach arm taken individually in a simulated mid
position f the frqnt crawl atroke. | -

\

he analy&ls of variance technique waa used to aseess‘the.

ef ect of different veriables of aex flexibility and strength

o~ R £t



The analysis of variance technique was also used to assess the -

effect of -different variables of sex, flexibility and strength

training methbd on changeS‘in arm strength over an.eight week
:beriod; Pearson‘s Product Moment technique was.nsed to correlate
the arm strength measnres and swimming épeeaé{. It_was feund

that flexibility training had no affect on swimming timey There :i
- were no differences between males and females in strength gains ‘
or swimming~timef There were no significant'Qifferences‘between
strengthvgain_ana'swimming time as-a resnltnof“three different
:training groups All the groups imnroved significantly in‘mean
‘arm strength and in mean swimming time There were low andv
insignificant positive correlations between pre— raining strength
»and pre-training swimming speed and between post-training strength
and post training swimming Speed There was no significant corre-

lation between pre to post’ changes of arm strength and pre to post

changes in swimming_speed. Y
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' the investigator muﬁt remember that the baais for any Iinear motion

CHAPTER 1

. STATEMENT OF THE PROBLEM

Introduction
It is generally believed that Voluntary muscular strength

is an essential component of athletic performance (20, 30, 8?,‘92).
. : B . ! S N . !

Counsilman and “other recogniaed competitive swim coaches (20,'30; 57)

. have expressed the Opinion'that dry—land exercise programs are a

" must for well rounded training programs of all competitive .swimmers.

The literature, however, has been inconclusive in presenting

evidence to suppgrt this training'method on'pre—pubescent male and

a
Foa

female competitive swimmers T o bd’_ &

Comparisons of 1sometric and dynamic strength and methods

of training for the gain and maintenance of these two types of

muscular strength have. been documented by many investigators (9 10,

:28q 38 63 32 6 75 77) who sought to prove a conclusive superior—

ity of omne. type of these two training procedures over the other.

Although many advantages are apparent for each type of program, there

V'are no conclusive results which may be used to predict with certainty"

S
.

ad

whigh method woild be more advantageous in any given situation.- ey

In the conaideration of any strength training technique,'

'achieved by the body, ot parts ‘of it in any competitive medium is -
nalways a: result of initial angular movement and angular momentum

‘ rtransfer by the body and)parts.~7lt_isﬁfor,thia‘reason,_thatfany.-::
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apparatus uged for'strength training, witn the objective of ihcreasing
'-powcr in a specific linear or angular motion pattern should be easily
and quickly ddapted to simulate resistance in all planes»and axes. |
Thistery flexible and innovative quality>is true of the tyo dactive
methods.of strength.training chdsen for study and compsrisoh in.this
_thesis. | |

An obVious oractical odmantsge of the isometric.system
is the great 1eduction in time,‘equipment and complicated instructions
necessary to achieve the desired strength gains. Dynamic training,
lmwever, through the use of the exergym machihe, may be of greater
advantage-to the swimmer becagsevof the ease with which it can be
osed to simulate the movement patterns of the various swimmihg strohes@(
ffhis mode of dynamic training has sho&n e.wide range:od‘different
'stresses and' tensions edaptable‘to movements which closely approximate‘
the wet traihiog'techniques; This direct reinforcement of required
neuromuscoler co—ordinationvmay compensate.for,the increeaed time
and‘instructional procedures’inherent"with it.

Flexibility is an area which has been studied by physical

, 57, 92). Codnsil-"
l /

educators, and by competitive swim coaches S}fﬁp
man (30) emphasized the importance of specific flgxibility in the
o Y

shoulder and ankle joints. He stated that_vers y swimmers ranked

highest in these two . flexibility measures uhen compared with athletes

of other varsity sporta at Indiana Universit . Tihanyi (92) in a

recent ‘study, . evaluated ﬁifﬁeen maturational terminnnts against

swimmihg speed. He concrhded that shoulder exte gion strength may

/(ff

"
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" The Problem

“ance in pre~pubescent competittve swimmers.

_Subgroblems

be the most important factdr,'wi;h composite flexibility the fifth

most important factor, when considering the 100 metre freestyle

i .
!

performance.

Swi#ming performance time is a result of many factors
of which training, strength, and flexiﬁility are only three. .The‘

purpose of this study was to»examine and compare the relationship

(LI

of three dgfferent'strength 5raining‘prdgfams and swimming performf

&

The three different strength training progfémé»consisted

of isometric shoulder extension, dynamic shodlder.extenéion; and

_sdpefficial shoulder and arm massage, which served as a placebo

in the control group. . The muscles used in the isometric and dynamic

programs were-fhé tricébs; biceps, latissiﬁbs.dorsi, pectoralis

o

major,terii\jsjor,subséapularié, flhxor'cargi_ulnarié and palmaris

longus.

]

" A member of subpfoblgms were explored as relevant to'théf

ﬁaih theéis.‘,Thqge are:

. ili The‘coﬁpaﬁisoniofxthe‘;ffégté of'afsefies-éf fle#ibility
" jﬁapeduvefg thchrﬁgre indiﬁded;in4the training.prqgramsl‘
-of‘hélfléf\;ﬁexSuyjects in eacha§f ghg,major*groups:"l

/
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Definition of

The comparisod of the effects .of the programs on

male swimmers and female swimmers.

Terms

apoly:

For

without change in muscle length.

.age 12 or 13 in the female (93 493) L IR .
Exergym A progressive resistance training device<;\\;a

the puroose of this study, the following definitions

Isometric contraction: An. increase in muscle tension
Dynamic cortraction: An increase in muscie‘tension
with a decrease in muscle leogth.v

Superficial massage: A light finger tapping on the

tissues of the arm and shoulder areas.

Pre-pubescent: Theiperi0d4of an individudl's develop-

ment prior to the commencement of mature gonadal -

fpnction, usually. concurrent with'the appearance of -
i . ) /._ : . L ’

.the,Secoodary sexual'cﬂeracterietics. ‘This period

A
generally lasts until age 15 in the male and until

"1
I

~which utilizes two concentric metal_cylinders to

“?through the apparatus.

’increase friction, hence tension, on ropes coiled

!

LI

“Swimming performance: ‘Ihelaﬁount'of time, in secohds,L

ltAkengto’complete'loo'metres froqt'créwi onder

competitive conditions.
B b * R



7. Strength scores: The average of two cable tension
measurements of each arm, summed to give a combined

arm strength score.

Justification of the Study

Training consists of repeated periods of exercise‘(47)
resulting,in a more economical and'precise execution of the recurring
msneouvers~(14). | |

. Tihsnyi (92) suggested that strength factors~were the most
‘ 1mportsnt contributors to successful swimming participation smong”b
the fifteen maturational determinants that he studied In his summary’
snd results,_he postulated thst "1t appesrsnthst the.mostZefficient
‘experience'in terms of performance'cabsbity development for‘young
gwimmers comparable to . the study. sample may not be water training ﬁ?
alone" (92 130) . -i- : ‘ tt E : o )

’ There is a significant lack of 1itereture focusing ori the
" effects of task specific strength training applied to competitive
swimmers prior to the commencement of puberty ~The writer, decided'
to study'the effect of three different strength training progrsms _

_ on the performance of pre—pubescent novice competitive swimmers of
'both sexes.‘ To elucidate the relative values of dry—land exercise
| programs and whether they are of sufficient vslue to be alloted a- |
isignificant portion of training time is a question wlth which the‘

‘practical coach is constantly concerned o |

s

A,



Limitations of the Study - L o - \

By necessity, the study is limited by: \

A.lt The'eample of swimm rs used in the exper ime t. Only ‘

due to the self—eliminkfion of
some swimmers from thv program. : ' :t‘\\\.
.2. The‘puberty evaluation ag\éonfined to suhjective
‘ observation and coach—sw mmer.coneultationi .

S . \

46 subjects were use

3. “Motivation and learning in the subjects. The
'motivationalllevels and 1e\rning.rates of the subjects
were heyond control and prob bly varied,considerahly

since they were all novices iny\ competitive swimming

ﬁ,. The experimenter had control ove the subjects Only

. during the times of training and te ting, “and there-
fore, could not absolutely eliminate the. effect other .

activities may have had on strength gain;

3

' Delimitations of the Study S
| ﬂ‘ . 1. The study was designed to include only a i‘~
training,techniQues Which_nere done7i90 etricallv'b
the- use of ropes and chains and dynamically through \\
,tthe use of exergym progressive resist&nce machines.
h‘é; The total study timégias of ten weeks duration, with
“eight weeks for training and one week each for pre—'fj

’.and post—training measures.



1

‘The swimming'perfdg nce test chsideréd‘was-the‘

time taken to compllete a 100 metre front crawl swim

under competitive conditions.

v

 The subjects were not randomly chosen.



Voo CHAPTER TI

AT REVIEW OF THE «LITERATURE

‘Muscular Strength o
\‘ e l !’

\» It is important to. begin a description of any muscular'

-} action Kﬁ a description of nhe muscle being discussed.‘ The - physical
structur

of a skeletal muscle was described in a concise statement ’
fS.' ,

by Karpo dch'

muscle is ‘composed of many thousands of muscle fibers
ch fiber is wrapped -in.a more or less complete, delicate
%egth of connective tissue. A dozen or more fibers are
e grouped together forming a primary bundle (fasciculus).
~ This. “bundle is also wrapped in’ connective tissue which 1is
tougher and contains collagenous fibers. Several primary
.bungles, in their turn, form a secondary bundle, which is
also, wrapped in cdonnective tissue. The secondary ‘bundles
form\tertiary ones, and so on until the muscle is formed.
The whole muscle is covered on the outside by a fascia,
_which\is also made up of fibrous conmnective tissue.  This
connective tissue constitutes a strong, framework which;
‘at. the\end of the muscle,. forms a tendon or is ‘attached -
to the Feriosteum of a bone. (56 3)

Each muscle fibre contains many parallel myofibtils which
are composed of alébrnate thin actin and thick myoein filaments (54)

;Th se filaments over ap to'form alternate light and dark bands,

whi h when aligned wi h the other myofibrils in a fibre, give the
impr ssion.of atriatio 8 acroas the width of the fibre.

A muscle cont action is’ initiated by anfelectrical impulse

‘from a motorneuron, whic propagatea an electrical stimulus along
: <
\the sur &ce membrane of e ch individual fibre. In a manner atill not

A \\fully un erstood this\pas tng membrane potential stimulates the :



.

‘chemical reaction which causes the'sctin and myosin to react. This

impulse and the resultant myofibril contraction functions on the.

basis of an_all or none. principle (7:52). Huxley (54)'suggested

that in ‘the moment of activation cross-links are formed between .

‘the actin and myosin filaments,‘which successively react to'draw

19

vthe actin filaments along the length.of the adjacent myogin filament,

and shorten the 1ength of the myofibril

Voluntary muscle strength or force has been considered _;

' a major determinant of athletic performance (31 30 20, 92).. When

physical educators discuss strength it is usually taken to mean

"the ability of a muscle or a group of muscles to overcome resistance

*

or. create tensiOn*push pull or lift" (30 276)

The three types of measurable muscle strength are dynamic

concentric, dynamic eccentric and isometric (7) Within the scope~
Q

of . this study, only dynamic concentric snd isometric contractions

| or'longer‘(7:74);

will be considered The term dynsmic conCentric was chosen over
isotonic in view of the fact that a muscle exerts different amounts
of force as the bone levers to which it is attached becomé shorter

'

Muscular power can ‘be expressed In terms of applying force,'

| .with varying degrees of efficiency, to accomplish the task of moving

an external object or. the body itself. Improved performance is =

. accomplished by increasing the velomity of movement through increased‘

§

skill or efficiency in the application of the force, or by i reasing'il

the available force. g]
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|

3
i
4

Cratty (31;2195'listed ten'factors which contributed to b
X . - ’ ‘ . o
the performance of gross motor skills. .These werer' strength-
dynamic strength or energy, ability to change‘direction, flexibility,
agility, peripheral vision, good vigion, concentration, understanding
the mechanics ofvmovement and absence of emotional complications
Cratty considered strength importantvas evidenced by its rank on
.the list of determinants |

.C0un31lman stated that "The.physical conditioning reqnired ‘
for good swimming performance is made ‘up of three major components
'(l) strength (2) éhdurance, and (3) flexibility (30: 276) It is ;
'.Of nogsurprise that Counsilman has tf%ined_most‘of_his swimmers
fusing‘additional dry lsnd'strength programs.f helhas stated-that
"some swimmers who held world'records'and did.not have dry'land
":exercises would have performed better hsd they had such’ programs
(30:309). |

. _ : ,
- " Carlile (20) also supports the use of dry land exercises

'; for the strengthening of competitive swimmers. Hé gave the opinion .
‘-that "strength and flexibility are very important factors for the
:scomgftitive swimmer and both can be improved with special exercises'.
(20: 99) -On the bssis of his experience he’ also stated that "there -

'\are f top swimmers in the world who do not work for strength out

'of the water in addition to their strenuous.training in the water
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Tihanyi'(92) evaluated the relationship between fifteen
maturational determinants and suimming speed in six competitiue races -
of eleven'toytwelve year old sge group'swimmerslinvtheV1970 slberta»
'Age Group Championships.'_On' the,basis of his analysis of thesei
36 swimmers, he stated: the various strengfh measurements‘were
ithe most important contributors to successful participation among .
the maturational determinants" (92 128) " The extremely homogenous
nature of his subjects somewhat limited the range and power of his, ‘.
oy . .
iconclusions._\f f/k/ ’ | | d

Studies of Isgmetric Strength Training

Hetﬂinger snd Muller (48) reported a series of experiments

‘(m in which one isometric contraction of a muscle group against an

_.immovsble resistance caused an increase of muscle strength ~ The

maximum isometric strength of the elbow flexors and extensors at

‘ 190 of elbow flexion was established on the first day of the week

and for the next five days the subjects performed the exercises

' The intensity and the number of contractions were co—varied in

. order to determine which combination was . most effective for strength :
' incrense. They concluded that the optimal method for increasing N

. strength (maximum of sz per week) was a single six second contraction
of 67% of the subject 8 maximum isometric strength The small
'sample size of nine subjects may have contributed to the cahses of
o these conclusions which were not repeated by later investigators.‘

-1(59, 67 74 81)
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Muller and Rohmert (67) theorized'a level in an individual's
train1ng at which further increase in strength is impossible They
termed this state the "limiting strength" They assumed that :
limiting "strength meant'thersame state of ultimate training for every,
" muscle in the group being exercised .lt.followed from thisi‘that _'
:the relative strength ofian individual at any given time, ‘was his
) strength as a percentage of limiting strength They suggested
that the less trained a muscle was at the beginning of a training
period, the greater‘the rate of gain of strength They compared the
effects of four i'sometric training programs on the rate of strength
v<gain from 804 up to 100%.0f limiting strength It was found that
the group training by multiple daily maximal contractions totalling
thirty seconds took the least amount of time of four weeks to reach .
mimiting strength The group . training for one six second daily
: maximal contraction attained limiting strength after five weeks
- It took six weeks for the group using one daily maximum contraction‘ ,
" held for one second to reach limiting strength. The group using one’
-daily six second contrattion at 67% of maximal strength took nine |
- weeks to redach limiting strength.u To follow the course of strength :
‘increase and to adjuat the training force for the sub—maximal group,
-a maximal test contraction was. performed each week.‘ This weekly
’maximal test was itself a training stimulus (67)

Liberson and Asa (59) found that isometric training.for

20 repeated six. second maximal contractions per day increased strength
’ ’ I
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by 203%. This was.opposed to an increase of 1742 in.abgrOup‘which
jtrained at a single daily maximal contraction for six seconds ‘Theee
powerful results were limited 63 the small Sample size of their 3
groups, which.totaled 26 sUbjects.

.'Berger (10)‘comoared thé‘effeCt of'ueried'sete of.staticd‘
training on d}namic strength.' He compared three groups, which were
exercised‘at‘two positions ot a stetic bench press for one, two and

~ three sets held ﬁor eight seconde at maximum effort{ “He found by
' measuring the single repetition maximum of a dynamic bench press,
vthatuthe different methods resulted in approximately the same

' improvements in~dynamic'strength. :

Studies of Dynamic Strengtthraining_

HRY

In 1945, ‘DeLorme (3657develonedie nrocedure to strengthen“
‘hatrophied muscula;ure..'Hie‘subjecte‘were patients who had'undergone ‘
: bone end joint surgery.' He adapted e table with leverland'oulley.

' mechanisma on which most affected muscle groups could be exercised

I .'

Once each week the maximum amount of weight thdt'each aubject could
ya

lllift was . determined. Thié he termed the one repetition maximum (lRM),
_He then measured the amount!of weight the eubject could lift ten
"times only, and called it the 10 repetition maximum (IORM)

‘ required each of his 300 eubjecta tovlift seven to ten. sets of the

.jften RM for the four remaining daya of the training week. His'method e

'was effectiVe for increaaing mnscle strengch and range of motion of



. 14

(the affected joint by progressively raising the ten RM each wsék
DeLorme (36) modified his original method in 1948. “The -
modified version proposed only three sets of ten contractions each
.day._ The first, second and third‘sets consisted of SOA, 75% and
100%, reSpectively, of the ten RM. He did measure the one RM and

the ten RM each week, as he did with the original method . a5

--//‘ Today, most dynamic exercise methods used primarily for

// strength increase are patterned after the Delorme basic concept of

v

o

E ;week‘SChedule. R

tcising muscles using the overload principle, or as Gounsilman
sta ed "a greater load or stress is placed/bn the muscle than it
is normally exposed- to'" (30?280) | |
Berger (li)vstudied the effect of varied dynamic weighti
E training programs on. strength The experiment was conducted with
'bthe bench press lift as the dependent variable. He compared nine
: different training groups of one, two and three sets; and two, six
and ten maxigal repetitions per set, with approximately twenty
.subjects in each group.: All of the groups trained three times a .
week for a twelve week period during which he took the one " RM in -
~ the bench press at the beginning of training and at three week
i‘intervals until the’end of training He concluded that all training
' methods increased strength sﬁgnificantly (P-Ol) Training in t
’group which- performed three sets of six repetitions seemed to btk\

~

‘the- optimum for increasing strength over the duration of the twelve_
%}d.' . ,

© e . v



\'Studies of Dynamic Versus Isometric Strength Training

TS
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o

2 ¥

‘ Liberson and Asa (59) studied the effects of isomebric

s

-

4and dynamic strength training on 26 subjects. All groups trained'

.“four times a week using the abductor digiti quinti muscle The

dynamic group trained on three sets of 50 75 and lOOZ of the ten

4

.RM while half of the other group trained as two subgroups using

H

‘a single maximal six second contraction and twenty maximal six

second contractions They found isometric to be superior in

’

strength inorease over the DelLorme method' the repeated isometric
contractions were significantly better than the single isometric

contrac ion for strength increase

Meadows (63) trained 60 subjects isometrically and 60

"~subjects dynamically on elbow flexors | Bdth,isometric and dynamic‘_

c‘, f

were subgrouped fifteen in each of four groups .trained two,.

_three, four and five times per week for four weeks Dynamic training

consisted of. exercising to exhaustion at. 30% of maximum strength

‘.
. '\

A maximum effort for six second pulls was the isometric training

‘fHe reported that ‘the isometric program caused a greater number of:

subjects to gain significant amounts of strength The five training

| bouts per week were most beneficial for strength gain

L Danielson (32) compared the effects of concentric, eccentric’

' and isometric training on maximum voluntary strength of the leg

. excensors,» ue compared_gqual groups of ten subjectg that trained

‘three thmes a week progressihg from 8ix to eighteen contractions

per session, all contractions taking six seconds to complete., He -

P



roncludtd 'lsometric training proved to be the most effective in

improving strength of all three types over a training period of .

‘seven weeks" (32: 97)

Knee extensor strength training of high school boys in
Edmonton was .conducted by Richardson (77) in 1963 Sixty grade ten

boys were divided into three groups One group was trained isotoni;

cally—isometrically, the other was trained isometricaLly at knee
|
angles of 115 degrees and 135 degrees of flexion He found ‘that

'the isotonic group increased significantly over the isometric |

group at the.135 degree angle -and -that there was a significant
difference between the two groups at the 115 degree angle Both

groups increased'significantly over the control in both strength

-

and endurance or holding time. ..

‘ Horris (66) compared the‘effects of isometric snd dynamic
training programs on quadrlcep strength and performance in a middle
distance running event. His four groups of 30 subjects each,

consisted of; interval running andfdynamic strength training, interva]

_running and 1sometric strength training, control A interval running,

7 \

and control B withrno training. The groups trained three times a

Week for eight weeks. ‘He obServed a signifiﬁiyfﬁgmprovement in the

first two groups, plus the dynamic program improved strength and

¢

running‘time more. than the isometric program did
Darcus and Salter (33) compared gains in- strength resulting
from isometric and dynamic strength training programs in pronation ?

and'supination'of the'forearm. The two- groups made use of unilateral

,'-



17

. T . . # \ !‘\ i
training of 30‘contracti0ns per day»for five'day and for 28 day'
. , . ;
N training periods. They found no significant differences between.

!

the. two training methods. {he study did show non—significantly

greater increases for ‘k e dynamic over the isometric training

The investigaters; unfortunately,~did not take into account»the
effect of the eccentric training which resulted from the subjects
'slowly releasing the.weight after concentrically raising it,
| ~ which may have affected the finaﬁ‘!esults. V |
| ) Dennison,vHo;ell‘and Morferd (38) equated tno‘groups
of ‘ten subjects on arm strength index 9cores as indicated by the
‘1maximum number of arm chin—ups and arm dips that each of the :
subjects‘could complete ~ The subjects were then assigned to
) equivalent iapmetric and dynamic strength trainingrprograms '
_consisting Of‘£W0 sessions a week for eight weeks.‘ They concluded
l“that both groups improved arm strength index and that both groups
improved significantly in muscular endurance of the upper arms,
‘!.fwith slightly greater gains in mean strength for the dynamic group..‘_
It was also suggested that the reduced time necessary for the
\isometric program was a. positive factor of that particular program;
| %he.relationship between changes in strength of the - uitr h
quadriceps maacle and changes in reaction time and movement time, |
| in a knee extension mevement was studied $y Kerr (56a) He trained
;g45 male physical education university atudents ip ‘three groups of

. ‘
- ;equal mean: RT and m‘. One group served as a control group, ‘pne as-
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i

an isometric training group and the other as an isotonic group.

The isometric and isotonic groups trained four times a week for

five weeks. The isometric group was trained for three, six second.-
maximal contractions at three angles of 115 1350'and 1550; The
‘dpnamic group 1ifted a maximal weig from the 90 degrees flexion.v
.position to the 165 degrees extension position over a six-second

-
time period after which the weight was' removed to avoid any

el

L

eccentric training stimulus. This ‘was repeated twice ‘more after .
resé’periods of.ten and_twenty seconde. If the subject could
SUCcesafully lift this weight anOther one;and one quarterupounds il
was added to establish a new max1mal weight He found neither'p
‘Speed oﬁymgzemént/ner/reaction time was increased as a result of -
the training. 'Both‘groups gained significantly in strength over‘
.the controls, but there was no significa¥t difference between‘the
‘_gains of\the‘t;p groups."' -
, . Coleman. (28) compared the weekly strength changes produced
,_'by training the forearm flexors of one- limb isometrically and the
'{ contralateral limb dynamically in 23 subjects.’ Eleven subjects per-
:fformed the dynamic exercises with the left arm, and the other twelve'
subjects pe formed the same dynamic exercises using the right arms.; The *
11 isometrié?eierciaes were performed on the opposite limbs of each ofA
fvthe same 23 subjects.. The dynamic group trained unilaterally for
two sets of five RM atarting from 110 degrees of elbow extension ‘
:,using;the'weight“for the five RM. Increments of weight were added .

. o
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to both methods as. the subject increased the five RM.. Training
occurred three days a week for twelve weeks. Coleman analyzed the

weekly percentage changes and final mean scores and‘concluded that

gains in muscular strengthffollowing isometric and'dynamic training

‘occur at a similar rate.

Specific VersUSvNon—Specific Training

The theory that the central nervous system can affect
muscular strength without training the affected muscle group is
a popular concept. Cratty (31 290) stated that "Transfer from hand
to hand of a skilled act to some degree always occurs, It is
usually taken to’ indicate that skilled performance is a function of:
’ central rather than peripheral processes in the nervous system.

! . .

From his survey of . the research he reportedwthat-

It was found that as much bilateral trahsfer occurred

in a one-handed manipulative task as was derived by the

subjects when they simply watched\another individual

perform the task first. (31 290) .

In his study of the effects of dynamic‘Versus;isometric ’

legfextensdr training.on motor performante in a,yerticalujump,

19

:Berger (9) trained four groups, ‘with'a total of 89 subjects,_three :

times a week for eight weeka. The first group trained dynamically
h"on one set- of ten squats per - session at the ten RM level while the

‘fsecond dynamic group trained using ten jumping squats at SOZ of

v! the ten RM level per session. The isometric group trained with six ;“

'second maximal contractions at two positions. The first was with

ows . o
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a

lupper'legs, pnrallel tovtheffloor, andvthe second position was
extension;of the knee at 135 degrees; The'last~group,trained at
the level of ten.wertical jumpS'per Sesaion vHe found significant

| differences in vertical jump performance (P= 01) for both dynamic
_groups;, with no significant difference in the performance of the’
isometric group (P* 05) . These results indicate that the dynamic
progressive resistance training, which was similar to the task was
the most’ effective for increasing jumpin height performance

‘ Some investigaters agreed that direct practice or task

‘_specific training is the 1deal form of tra ning for any complex

activity. Roberts and Alspaugh (78) trained 36. subjects, in two

' equal groups, for treadmill walking and bicycle riding at increaaed
intensities, for three times a week over a five week period Pre—.:
and post tests of PWC150 were administered to each group In the
post training testing, both groups performed tests in bicycle"
riding and treadmill walking It was - found that the treadmill
trained group, which were tested on both the treadmill and the ;
bicycle ergometer, had ho significant difference in measured gains
of cardiovascular function.. The bicycle trained group, which was'n

tested the same way, sustained gains in functional cardiovaacular :

e

. response which were significantly greater than the impnovement shown
. when measured via the treadmill test. . :\fr

Murphy (69) trained the quadricepa extension function in

[

¢

- three groupa of dynamic, isometric, and non—trained controls..:_e»
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trained.the 24 male subjeets in each group for three sessions per

“‘Qeek over a nine week:training‘period .'He tested the effect of

" eagh. training type on the quadriceps function by means of a static

test and a. dynamic test. The statlc test was a measure of iso-"

metric ‘tension exer ted by the lower leg at an angle of 135 degrees.'
‘The dynam c test consisted o! measuring the rotary torque developed

under‘four iried 1oads of resistance of 50, 40 30, and 20%.Qf'
initially recorded isometric strength in pounds of tension.' Hep
' ,found that neithe 'training group was able-to,exert.a greater ‘

torque after traini g than thez had prior to completing the

'programs He conclud/d that there was little or no relationship_ E

'strengt and changes in. the ability to

. regarding gains in stath

perform an. act ‘that genera es torqua, ,
Schultz (82) teste the effec\s of different training

methods on performance in a 60 yard run, broadjump, and zig-zag o

'hrun._ The training groups were weight training (WT) direct

V~-practice (DP), and repetitive sprinting (RS), together with three

.combined groups of RS—DP WT—RS and DP—WT Each group consisted
;of twenty university freshmen, who trained three times a week for
d ,four experimental time periods. a nine week period (the first
”‘eighteen training sessions), a vacation period (due to spring -
dfvrecess of thirteen daya), a. post-vacation period (training |
‘_':resumed for three sessions), a total experimental period ( twenty— N
'joneksessions plus the vacation) d He concluded within the limitations =

of his study, that the direct practice alone or in combination with

R



22

hthe training of repstiti e spri tingiand weight training was
rsuperior to weight traini g for increasing standing broadjump,
zig zag run, and 60 yard da h‘pe fonmances . He. found that the
vacation period and the shor_ po t—vacation training period did
not significantly affect perf rmance, - except in the case of zig—
ie iately after thelinitial nine

Azag run, from the performance

week peridd These conqlusions ive further evidence‘to the .

RS

concept that repetitive ﬁbtor per akmance of a task 1s the best
ftraining for that~task.'
Bender and Kaplan (7a) su ested that isometric‘contractions

must be executed at various angles throughout the range of motion '

. rather than at one specific point of a gle This they found to be:

: . 'h
~stated: . ‘

1
i

, A muscle that 1a cOntracted iaonet cally .in only one |
" position will tehd to become sti ongest in that position\
In order’ to deveiop strength through the full range of -
movement of a muscle, it 18 Tecommen that a series ’\
. of ‘{gometric- cont actions be useq at . arious angles ' .
. throughout the ful range of movement. The name applied L
to a series of this kind of . isometric ntractions is S
intermediary contractions (30 2&3) AT .

*ariah}es, which he termed maturational determ‘nénts,‘on the swimming

p%rforﬁqnce of 36 subjects in six swimming evefgf.; Al of the ‘ﬁ.{,v



23

Al

.subjects were .in the eleven to twelve year old age group and all

- had qualified to participate in- the 1970 Alberta Age Group Provincial '

‘Championships. He recommended that strength as a composite of
shoulder, knee, ankle and trunk strengths, were the most important

, contributors to successful swimming performance. He suggested
that.shoulder strength was the most important determinant of success

in the'lOO metre freestyle swim. He suggested th his conclusions

- that:

Perhaps the development of specific motor. patterns,
characterized by the different: swimming ‘'strokes, which
require: specific. strength and flexibility qualities,

' may be' the avenue to.a more successful but less
stressful training regimen for young swimmers.. (92 130)
Counsilman (30 27) performed an experiment to. test the

contribution of the flutter kick to forward propulsion in the

' freestyle stroke. He attached a variable speed towing device to -

a strain gange platform at water level. The varying'forces on

‘.the tow rOpe were measured at different rates of tow with the .

swimmers gliding only and with the swimmer flutter kicking at

- wmaximal force. He found that the flutter kick when used at maximum -

'effort decreased the tension on the rope, for speeds of under fivef'

'feet per second. When towing speed became greater than five feet ‘

»per secnnd the kick contributed nothing to the Speed of and
actually increased the drag on the tow rope for some ind uals..-

Counsilman 8 study above seemed, on. a superficial level,;e

_to be oontradictory to his previous advocation of reduced emphasisk

N



| on the kick lThisywas explained by.Counsilman’s estimation of
the flutter kick as primarily a stabilizing rather than a pro-
pulsive component. The remarkable performance of gwimmers trained p.
' bydCounSilman seems to give practical,jas well as theoretical
"weight, to‘hisiestimationcof the role of the flutter'kick-inj

svimming front crawl.

‘Studies of Pre-Adoiescent Training Effects

| ' Brown et al (15) reported ‘that pre—adolescent girls
.were capable of adapting to. cross country endurance training, of
cardiovascular and muscular functions, in a fashion very similar
to adults. He monitored the endurance training programs of twelve-
~:girle between the ages of eight and thirtee_—years who had as
least ‘one’ year experience in training with track clubs.p Eight
.female track athletes who did not train for endurance running
acted as controls _The training programs varied among the three

4participating track clubs, but generally sessions were one to two'

. hours long on four or five days of the week for a total of twelve S

' weeks.r He found that mean maximal oxygen uptake at maximal work
lloads increased 26% in the experimental group with no change in
‘the controls. There were no- observable detrimental effects to- the
'training group..“;,‘f 4
Wilmore and Sigerseth (95) determined the phyaical work

capacity of 62 girls between seven and thirteen years using a step

- increment test on a biCycle ergometer ) The values obtained for
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the various parameters measured 1ncluding submaximal and maximal
oxygen intakes and submaximal ‘and maximal heart rates, were similar.
.to previously measured values they found fOriboys of\approximately

" the same ages. This suggested that within_these ages, there were

no basic differences between the sexes in their,physioldf%cal

responses to maximal exercise Mamimai‘heart rate was_igdependent o
'of the person's phySical work capacity.. dnlthe'basis‘of this
finding it is doubtful that this parameter could ‘be used with any
yalidity’to predict maximal oxygen.uptake " This is a deviation '
‘from-the relative'predictabilitp of adultMVO2 from submaximal

| parameters.> - . | | H

o Murphy (68) measured'the strength'of'a selected'group of

muscles on 657 elementary school boys for the purpose of studying |
the pattern of muscular development in boys ages six to eleven
.years. The instrument he used to measure muscle.strength was thei:
1cab1e tensioneter,.and the muscle groups tested were the elbow ’
flexors, elbow extensors, shoulder flexors, hip flexors, hip
extensors, and knee extensors. Total strength(i e. the sum of all
these measures)was also computed for each subject. The conclusions
were as follows. (1) ‘the pattern of growth in strength is an
irregular one for the six age brackets studied (6, 7, 8 9, 10 11

<Ayears) (2) the pattern of growth in strength is irregular as o

height increases, (3) the percentage contribution made by each muscle

group fluctuites slightly through the age levels, and through the '
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1
height 1evels._ These results suggest that subjects of this age
. range will generally follow the same trends in response to cardio-
_vascular and strength training as do adults. These results, however,
do illustrate a greater degree of unpredictability when dealing
4with physiological measurement of children under the age of twelve_

as opposed to older subjects.

Studies in Tensiometric Strength Measurements

l

v Clarke (25) conducted experiments on the.comparison of
‘ instruments for recording muscle strendth using the Wakin—Porter
strain gauge a Newman myometer, spring -scale and the cable
'tensiometer had the greatest precision for strength testing Hev
'rconcluded that the cable tensiometer was the most stable, precise -
~and useful of the instruments he . tested. .‘

Huntington (53) measured total strength by using four
: cable tenaiometer tests which were administered to 150 elementary
; boys. High middle,. and low strength groups, containing fift;
iboys each were formed from the corresponding cable tensiometer
. test scores. He then administered motor fitness test batteries
, which included -an agility test, a cardiovascular endurance test :
a power test, a strength and muscular endurawce test and a runningh

: speed test. Be concluded that relationships between strength/and

Lote

N /

;'itotal test batteries showed low positive or negative corrjlations
at a11 strength 1evels. He found the cable tensiometer to be an.

”accurate device for measuring strength but not practicsé for -

."' P
B
S
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'predicting achievement on the selected motor fitness tests, on
‘the-basis of the type of strengthdit me;SuréSu
‘Chui (22) studied the comparative effeéts‘of isometric-

and dynamicvweight training exercises on: (1) strength'and (2} speedf‘
of,exeeution of a single‘movement. He strongly supported the.use'of
,the‘cahle tensiometer as the instrument best suited for strength
measurement by using it to obtain eight strength scores for each |
“of his ninety—six; male, university_subjects. The eight strength
.scores included-’ elbow"flexion.(rightj,'elbow extension (right),'
.shoulder vertica1,§lexion (right), shoulder horizontal flexion
'(right), trunk flexion, trunk extension hip extension (right),.
and knee extension (right) . In comparing the three experiment
groups ‘that he tested, he concluded that there were no statistically}

significant ﬂifferences, at the five percent leve of confidence,

in thfg - i'rength and in the accompanying ains in speed of

0 resistance and against resistance.

(19) investigated the relative effectiveness of -
the:two;;l :t methods of exercise on the development of muscular

‘strength'; --ividuAls with different levels of strength His

- .
sted of 148 college males who voluntarily participated‘
cﬁ .

exercise program The subjects participated three

_subjectsf
in a,ten

.days a w; “in one of the fbllowing exercise programs'7 isotonic L

'exercises for ten weeks, isotonic exercises for five weeks followed

/

:’by five weeks of isometric exercises, isometric exercises for ten

eeks or iaometric exercises for five weeks followed by five weekS‘*

. f
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of isotonic exercises. The cable tensiometer was used to measure

mustle strength before, during the middlef and at the end of,the -

training‘program., The four strength tests used were: arm flexion

and forearm extension,-arm extension and f rearm flexion thigh and

X

leg extension, and trunk flex1on It was concluded that there

were,no significant differences between isometric‘and-isotonic‘
contractions in the development of muscular strength either for
the group as a whole or for the differentistrength levels. |

On the basis of the previous studies, the cable tenSio—

meter was chosen as the measuring instrument for the present

[ L
13

' study due to its ease of pse, accuracy, and equal bias toward

‘measurement of all treatment groups., . -

_'s.("

Flexibility
| Flexibility is an area which has been studied by physical ‘

' educators generally and specifically,_by competitive swim coaches

‘_(20, 30, 57, 92), Counsilman (30) emphasized the importance of -

specific flexibility in the shoulder and ankle joints. He stated .

‘that varsity swimmers ranked highest in these two flexibility

,measures when c0mpared with athletes of other " varsity sports at

Indiana University. Tihanyi (92) in a recent study, evaluated

: fifteen maturational determinants against swimming speed.

concluded that ehoulder extension strength may be the most important _

.'y.

yfactor, with composite flexibility the fifth\most important factor,

:when considering the 100 metre feeestyle performance.’ -1'
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.athletic activity other than the competitive swim training

)

< ’ CHAPTER Iff

METHODS AND PROCEDURE -

Subjects o
K . - . . .. . -v‘, "ﬂf\\\\.'
Subjects for the study were'46qfirst year competitivq< v
. s B R . o
swimmers who trained with the Cascade Swim Club of Calgary from

7

. the beginning ‘of OctBber 1973 until the end of May 1974 All of

the subjects were within the age range of seven years (89 months)

and twe%Ve years (147 months) The subjects were screened by
subjective visual observation and,  in- some instances, by coadh—

swimmer consuItation to eliminate those who had begun pubertic

,1 3

[ -

changes, ‘as evidenced by the secondary sexual charactégistics,

a

and menarche in the female subjects Fifty—four subjects out of

4 L’ . . . L
a possible eighty-three were arrived at. by this’ procesf, however,

'fourdsubjects inithe control'grqup,-three in the isometric group
-and one in the dynamic group did not c0mplete the program _'Thisr’
Ahleft a total of 46 subjects, fourteen in the control group, fifteegg~
'in the~isometric group, and_seventeen’in the dynamic;group.' The

(subjects were of both sexes and participated in no organized

o

_'Experimental Equipment B 4‘_'” T 'i \; "o

The experimental equipment consisted of five exergymR
dynamic exercises (Figure l), five isometric training exercisers

(Figure 2) five three—eighths of an inch metal training hooks, '

29 |
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which Were permanently anchored to the'concrete.walls, five wooden
benches a T5 aircraft’cable tensiometer, and an'eighth:of an inch .

diameter steel cable.

~~
o

The ExergymR machine (Flgure l) is a device which makes
use of friction-to vary reSLStance.-,A rope passes through two
apertureslon eitherbside of‘an-externai cylinder. Between the two
"apertures:the rope is coiled around‘an‘inner.cylinder. The cylinder
varies the.frictiOn and the resistance on the free moyement of the
rope.‘_An_external dial settinguenables the userrtobseiect.increasing
anounts of'resistance to tﬁe‘fépé movement:

'The netaf T5 aircraft cable tenSioneter; manufactured by
the Pacific Scientific Company, (Figure 3) measures the amount of
tension that is being exerted along the ]ength of a steel cable.

The range of measurement of the instrument ‘can be adjusted by using

,different sizes of riser and by using cables of different ‘diameter.

: Eqr the purpose of this study, a number l riser and ‘an eighth of an‘
‘inch steel cable were used forimeashring.arm strength.’ The inStru-

iment was calibrated to yielﬁ measurenents in.pounds of tension'tor |
each reading onithe dial tsce;‘.The calibration ?alues‘are presented
in Appendix A.. .

The isometric exerciSer consisted of a five and a half foot'.

‘ 1ength of non-elastic rope, with a hand grip attached to one end

-
~

‘plus a slip knot at the opposite end (Figure 2) " The length of
.this exerciser was kept constant throughout -each session ‘and for

the entire‘durationjof the program.
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.-Experimentallbosign and Training

| Since the subjects had no”preyious experience in training
for competitiye swimming,.it nasito be expected that they would'he‘
‘.quite diverse in their responses to the physiological demands of
‘the training Ine order to compensate for this, the subjects were -
sall_trained on a sWimminggprogram exclusive oi weight training.and
' flexibilitygexercisesffor the first seyen wekhskoi the -season. . -

| l'behe‘subjects were'asSigned to three groups.according th
initial swimming speed. . The resulting three groups had statistically
identical mean times taken ‘to complete a. 100 metre freestyle swim
vThe groups consisted of an isometric training group, a dynamic
A training group, and a control group Each of the three main groups.
were aubgrouped into flexibility exercises, and non-flexibility
»exercises, using half of the subjects from each of the main groups
to represent this sample, The six. groups, therefore, consisted of
isometric training with" flexibility exercises, isometric training ”

_.without flexibility exercises, dynamic training with flexibili y

fexercises, dynamic training without flexibility exercises,'a control

| gtoup with. flexibility exercises, and a control group Cgee Appendix D).
'Subjects trained consistently ‘in the same. training room three L
"sessions per week on Monday, Wednesday and Friday during the same 'hi :

ptme/pé/iod each day ,

The isometric group trained using two six second maximal

£

contractions at each of three arm positions for a total of six ‘six

“ second maximal contractions which were done with each arm. 'These
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FIGURE 4c ISOMETRIC ARM POSI

4

10N IMMEDIATELY

POSITION

4

'PRIOK TO RECOVERY

.

3



]

positions simulated motions in the front crawl stroke and were
equivalent to the point of entry of the hand into the water

(Figure Aa), the arm position midway through the stroke (Figure 4b),

and the arm positien JUSt before arm recovery (Figure 4c) The
‘mid position for the purpose of the exercise was chosen aS'the-
‘point at which the elbow was at’ 90 flexion and ‘the upper. arm 1'. = Ai\'
formed an extension of | the line of the shoulders The isometric. | |
subjects completed one contraction with the.right_arm-in the‘._:
‘beginning position, and then rested that erm"for‘ten Seconds,
;thie thev performedvthe same-contraction-with the other armf
-This was repeated once more for each arm in the initial position.;:u'»
This procedure was repeated for the remaining two arm positions.‘
| ‘The dynamic group trained for six sets of twelve arm’
cycles per set.. The twelve cycles were performed alternately by o
-the arms ao that each arm accomplished.six repetitions per'set._

A single arm cycle or repetition was the reaiated motion from theA

nitial catch position of the hand with the arm extended over head
(Figure Sa), through the mid position (Figure Sb), to the arm
position just before recovery (Figure Sc) The arm was recovered .
-back to the starting position while the alternate arm began its gf'
cycle. “ | ‘ o » .h |

o The -8ix repetition maximum (6RM) was that resistance

setting, on the adjustable dial of the ExergymR, which the aubject f'v3'“

could complete a maximum of six repetitiona with each arm.l It was
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 FIGURE Sc DYNAMIC ARM POSITION IMMEDIATELY PRIOR TO RECOVERY -
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decided to consider these.dial'settings as the‘reference‘point for
”each subject's six RM. The reasons for this choice of six RM value,
as’ opposed to an absolute measurement of pounds, was threefold:

intra—machine friction was subject to change as the rope beoame
L |

"Worn; inter—machine variations were«uncontrollable due to rope
friction variance and individual,specifications of:each EkergymR;
"such‘a method of-determining.the six RM was more. easily remembered

BV

fby each individual

@

The investigater attempted.to minimize variation due to
‘intra—machine friction changes bv‘replacing the ropes‘after _.
completion of the first four weeks of training In orderhto minimize,
variation between machines each machine was numbered and each
individual used thevsame machine throughout the program~. A : S

Since the six\RM was the resistance value and the dial
" setting for the final set, 'it was the'reference point used-to
;determine.the dial setting for the preceeding five sets If the dial .
u'setting for a subject 8 six RM was twelve, then the subject counted .
'.back teP dial settings to two and used that dial setting for the ,-
,first set.‘ An increment of two was added to the dial setting for
‘feach succeeding set with the second set performed at a dial setting

-

'of four,»the third set at six ‘the fourth set at eight the fifth
e;set at’ ten and the last set at twelve, which for this hypothetical
”acase, was the six RM value.

Throughout the program the 8ix RM was re-determined weekly

The subject had to meet three criteria for the re-established six RM.

v.. . S . A i
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first} the resistance was the‘maximum that.could be pulledhforh
kSix:times by each arm; sec0nd it had to be performed at a cadence
of one arm pull per second for twelve seconds for a total of . six
seconds per arm per set; and third, all of the six repetitions for
each arm had to ‘be performed In this manner, the’ duration of
exercise fox each dynamic subject was equalized with the time taken
by each isometric subject to complete six maximal isome&ric con—bv
tractions held for six seconds each | |

‘ The control group of fourteen subjects underwent no

strength training other than the sw1mming program itself which

:was identical for all groups The experimenter felt that a placebo :
program sas necessary to compensate for any motivational effect
‘that non—training might have had on the control subjects With
.this in mind, a superficial massage wag performed on each subject :
for the same amount of time that the others trained This consisted.
of light finger tapping on the arms,.legs and shoulder girdle of -
esch me;ber of the COntrol group No/penetration was- permitted v'

beyond the superficisl layers in order that deep muscles received ‘

na training effect.

v
v

.Testigg'Procedure'dm

"; All of ;he subjects were tested in the same exercise room

at the same time of day as thst of the training periods which were'

)

from 4 00 p o to 5 45 p m. Mbnday, Wednesday and Friday.. Each
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L
subject-was tested by the eaperimenter, who was.the‘only person;
other than the subjects, present during the tests »A.subject was
- asked to lie prone on a testing bench, which was adjusted to the ©
cablevlength by.the_exnerimenter. The subject was.asked_to pull
“on the’hand grio attached to the cable for a.steadyhmaximum;conF, '_'7 \
':traction, wi}th..the_elbowat.'QOQ tlerionvandfupper arm formingfthevi
* extension of.the'shoulder liner-ﬁThe single arm strength reading
hfwasvthus regiStered on thebcable'tensiometer (Figure 6).
Two subjects were measured alternately ,.The-experimenter
‘took one reading of the right arm strength of subject one, followed;
by one reading of rlght arm strength for subject two.- In this way.
the subjecbs were given 30 seconds rest between measurements. This
imethod was repeated for left arm: strength measures of each subject
and then repeated once‘Pore for ¥ight and left arm measures. The
resting subject served as a/stabilization force while the other
_subject wasfbeing tested,b This was done by sitting on the back
of the legs of the subject being tested This ensured that the N
' subject could not change pbsition during the testing contraction
R The subjects were tested for arm. strength on a total of

“four trials for each'arm.r‘Two of the trials for each arm were.v;

t

' measured before the commencement of the strength training program..

; These two arm strength trials weére averaged and added together to

: give a pre—training composite strength score. That is, the average

T y -

' left arm strength score was added to the average right arm strength n



g

 FIGURE 6 ARM STRENGTH TESTING TECHNIQ
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- score to yield a¢7 g composite score for arm strengtht ‘Similarly,

two strength meai :?Ch arm were,takenbimmediatelp_after‘the'

N jprogram to give a post;training composite
’training swinming perfornAnce”time for each
:faken to complete‘a 100 metre freestyle swim
ditions before initiation of the‘exercisé program.
“metre freestyie time was deternined for'each
fﬁneek'imnediately-tollowing_the'last week of the
iiprogran, and was also swum under.competitivei.°
conditions. | “ |

¥

Calibration of the ipparatus

The cable tensiometer was! calibrated by comparing the

- indicated deflectimften the dial face to a known load on a tensio-

meter calibrator "Mcalibrator, provided by the Faculty of

Engineering, University of Calgary, consisted of a cable connector h
’_'attached-directly to the.tension measuring‘scale at ong end and,to

‘a fiXed hook at the other end The calibrator readings in pounds

T

'of tension, from 1 to 50 were noted and calibrated to the corresponding

-

tmmhmﬂmrraMhm&- : ' '%;\- o o | - SR I

IR

' -Statistical Treatment

Repeated measures of arm strength and swimming time were o
"taken prior to and afébr the. strength training period for each of

ithe auhjects. Pearson s Product Moment correlation technique was



)

5
used:lfi) to determine the’reliabilityuof tensiometzic measures;
-ii) to examine the c;rrelationibeeween strength and swimming
.performance_befo?e'strength'training, iii) to correlate'measures
. T o R ,
‘of"strength anc swimming'performance'af%er strength training,:and
iv) to determine the correlation of the difference between pre—'v
_‘and pd@t—arm'scores to- the difference between pre—and post swimming
berformance.times; " .
The‘obtained data were'Subjected to the;following analyses
hof variance;_ | |
L A2 factor'ANOVA.of flexibility,effect yersus pre-
 and post;training swimming times for all-groups |
' combined “ T

"2) A 2 factor ANOVA of flex1bility effect versus pre—.‘

and post training swimming times for the control group-

)
nly. .

3) A 2 factor ANOVA of sex versus flexibility effect on

-

o post training swimming time.

o 4)',A 3 factor ANOVA of sex effects versus training methods

RO - Gk

pre-. and post-arm strength scores.

S 5) A 3 factor ANOVA of sex effects versus training methods

_ versus pre— and post~8wimming times,
In order to equalize the number of subjects in each Cell for (4) and

(5) above, the data for three subjects from the dynamically trained

- group and for one subject from the’ isometrically trained group were

Y



v.randorlnly deleted. " : | -
e 6): A2 factor ANOVA of the three training methods
.versus pre- and post arm strength scores.
l)_VOne factorlANOVAS of the different_training methods:
for each o{'the'preitraining'strength'scoreshand post-
training_strength scores. _ -:‘ .(\‘ —
d)A'A-Z Tactor ANOVA of the three training AéchaasQ
.versus pre— and post swimming times |

9) One factor ANOVAS of the different training methods ’

for each of the pre—training times and post—training‘
] A o . v B )
- swimming times. ' o '

The programs used for analyses of variance were the ANOV30,

. a three way-ghalysié“of variance with repeated measures on‘the third .

‘factor;. ANOVZS a two: way analysis of variance ANOV23 a two way

analysis of variance with repeated measures on the second factor,>

l and ANOVlS, a.one way analysis of variance. All of these programs

- v L

o _were found in the 1library of st tistical programs of the Division of‘

: Educational Research Services al the University of Ahberta.

et

. g : .
(7
S Pearson s Product Moment correlation ‘was peﬁéﬁ;med by

: P L
means of the Olivetti Prbgramma lOl rin the School ofd?hysical Education :

@,

‘ at the University of C{lga{y ' T A b
L (e | | . ST
" Hypothesis ... N L o _ . o LT
AR The'null'hypothesis was used as the basis for:comparieonﬁ |
' .HO u1_= u, =f..t,a. = uy =u .
. . . \
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‘This hypothesis assumed there were no experimentally

significant effects as a result of different’ treatments applied to

- the grqupsi(

1)

2)

3)

4)

R

[

_Tnat flexibility training had no‘significant_effect .

on the repeated measures of performance time.

That sex of the subjects had no significant effect

- on repeated measures of arm strength scores.

‘That‘sek of the Subjects had no significant effect

on repeated measures of perfOrmance time.
That three types of strength training had no signifi—

cant effect on repeated measures o{\performance time.,‘

That\thrée types of strength training had no signifi—

- ¢ant effect on repeated measures of *arm strength scores.



" CHAPTER 1V
RESULTS AND DISCUSSION

. Analysis of the data is presented in»the_fellowing;f
' subsections:  subject data{ flexibility effect, sex effect, perform-
ance on.strengthftests, performance on swimming tests and correlation

c o~

between changes in strengthyand changes in  swimming performance. N

SuhjecE'Data ’
: //' ) 7
The age strength scores and swimming times are presented

/
e

'for the three different training groups and the total sample in \

/

'i"Tabies I, 11, III and V. Analyses of variance were performed on -

%

/i(;/variables except age of the subjects ) ‘vv'

Table v shows the results of analysis of varianee for pre-
T \ﬂ b
training swimming times. There were no significant differences (P— 05)

between the means for pre—training 3wimming times of the three trainingl
& ' » ‘
groups%
In Table'VI the summary for pre—training arm strength is
shown.( There were o significant differences (P=, 05) between the

means of the three training groups for pre—training arm strengths

Table VII presents the summary for post—training swimming

”ﬂ??imes. There were no significant differences (Pw 05) between the

' means’ of the three training groups for the poet—training swimming

i ";} - e
times..v'. o . o

AN

ks, B
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The means offpost-training‘arm strength scores are pre-

- sented in Table VIII. There were no significant differences

" (P=,05) between the post-training arm-strength scores of the three

training groups.

' Flexibility,Effect

The two flexibility training groups consisted of subjects

-who either performed the-flexibility exercises or did not perform

;the flexibility exercises, depending on which sub—group for flexi—

bility to which they were assigned (Appendix C)

Table IX shows the summary of a two way ANOVA ‘of flexibility

training and repeated measures of swimming times for ,the two. groups. -

, There were no significant differences between the two flexibility

training groups for group mean times of initial and final trials,

but there’ was a’ significant difference between initial and final

!

times summed for both groups (P= 01)

Table X presents the initial and final mean swimming times,-

.atandard deviation, difference between the means, standard error and

A

t—ratio for the total group of 23 trained on flexibility, and for :

| the total group-of 23 with no flexibility training. ‘The differences

,7between initial and final times were significantly different at the o

/ .

) 01 level for both groups._ The difference between initial and final

SN

"times were not significantly different from one group to'tﬁe other.

Table XI presents the summary of a two way ANOVA of féxv,

B flexibility training and ewimming times for the control group only..

o fevi o -e,i‘l o w,x~:,'f_i.vﬁ :bt'., ‘_ E’;:' ;ﬁ',
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. . . !
There was a significant differenCe (Pe.Ol) betneen‘initial and»
final times summed for both haives of the cdnttdlfgfoup; but ne
eignificant nifference in the initial and final times betWeen
the tw0 flexibility treatments in the control greup |
| Table XII presents the initial and final mean swimming

.

times; standard deniations, differenee between)the means, etandard‘:
‘ertor ane.t—ratic fer the‘ccntrol’g;bup'of seven trained on flexi-
bility and . for the control group of seven with no flexibility
'training The differences between initial and final times were

/
'31gnif1cantly different at the 05 level for both groups, but
uthe,differences bet&%en initial and final times were not,signifi—
'cantly different from one group to ‘the other.

Table: XIII displays .the summary of a two. way ANOVA of

flexibility and sex effect on final times of all groups combined. :

h There was no significant difference between the group means of

final swimming time for the male and female groups. There was\nc
' significant difference between the group means . of final swimming
‘_time for‘the'gronpa trained-with flexibility and~thquroups trained'

.'withont flexibilityt 'Ihe interaction ef'seinand~fleXibility;waei‘ N

" not significant with respect to final swimming times of the groups.

Sex;Effect
In the(previous subeection it was noted that sex of the o

‘subjects and’ flexibility training showed no significant interaction
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.with respect to the final swimming times,.as shown in‘Table'XIlI;

RS

‘Table X1V presents the summary'of,the three way ANOVA of
‘,sex'versusnstrength.training method versus'initial‘and final_srm”‘
ﬁstrength measures There wss-no significant difference in the
initial and final mean arm strength measures of the female.subjects
'.‘aé opnosed to the male subjects. There waslno significant difference
in the initial'and final-mean arm strength measures of-the control

‘ group,fthe iSOmetric group and the'dynamic group. There-qere small
and insignificant F ratios;fornthe interactions.oflsex andAstrength_.;
.training method (Fs.lA),vsex and repeatedjmeasures of'strength
(F=.50) and sex and strength training method on repeated measures

of strength (F= 18) ~ There was a significant difference (P= 01)

Erd
between initial and’ final arm strength trials summed for all groups.

TableAXV presents the initial and final mean’ arm strengths
:and the.t ratio of the differentes between them, for the total
"number of 23 female subjects in all training groups and the total
number of 23 male subjects in all training groups. The difference S
"between initial and final arm strengths were isgnificantly different
{ at the .0l level for both grOups summed lhere'were«no;significant |
.:differences between groups | N | o

A summsry table for the three way ANOVA of ‘sex and strength
training method on. initial and final swimming times is presented in :

_Table XVI. There was no significant difference in the\initial and

final mean swimming times of the female subjects as compared with

'i,
s
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the male 8ubjects. There was a small statistically insignificant

difference in ‘the initial and final mean swimming times of the.’

, control group, the isometric group and the dynamic group. There

 were small and insignificant F ratios for. the interactions of sex

? ’,

'and strength training method (F'r== 49), sex and repeated measures of

v ]

swimming time (F- 49), and sex and strength training method on

repeated measures of . swimming time (F=3 04) There was a signifi—

- cant difference at the Ol level of confidence, between initial

* and final éwimming trials summed for all‘groups.

' Table XVII‘presents.the.initial and final meaniswimming»

times and the t—ratio of the differences between them for the '

@

total number of 23 female subjects in all training groups and the

'total number of 23 male subjects in all training groups. The

differences between initial and final arm strength were significant

at the 01 level for. both males and females. There was no signifi-

°cant difference begween the two groups

Stre_gth Tests

CLe .
The summary of the two way analysis of variance of training-'

. method versus initial and final measures of arm strength is. presented'

in Table XVIII The three atrength training groups of control

isometric and dynamic comprised of male and female subjecta within{'

R

each group did not differ significantly in: their mean changes fromf-"

initial to final measures of arm strength (F= 526) There were no;

,“‘“
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'significant-difierences‘between the groupsgin initial'and.final
mean arm strength measures (F=.l63). There.was a significant
difference at the .0l level'fronpinitial to final arm strength
measures for all groups summed together (F=22.314).
'=Tahle5XlX”preSents-theiinitial end final mean arm strengths,

_standard.deviations ‘difference of the means, standard error and

the t- ratio for the three- different strength trainlng groups‘ The‘?
'control group and the isometric group showed anpincrease from
initial to fiial measures of arm'strength‘significant.at the .05
.level} The control groups armistrength increased by 22 17 from
'initial to final measures. The isometric group 8 change from an
initial arm strength (38 5. pounds) to a final arm strength (45 9- ‘
poundS) was anvincrease of'19.24 " The. dynamic group mean showed

an increase of 32. 6Z1from an initial arm strength of 36.5 pounds

to a final arm strength of 48. 4 pounds. There were no significant
' differences between the mean changes in arm strength of the three |

v,

o training_groups. Although dynamic strength increases were 13 &%

,,greater than i"o tric the large standard deviations of the samples

.'made this non- gnificant. The results are shown graphically in’

l

’ Figure 7. The snall. interaction illu#trated was not significant

at 05 level of confidence.

2y

}@Ferformance bn Swimming~Té9tsv
The summary of a two way analysis of variance of training

method versus initial and final measures of swimming time is presented -
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in Table XX. The'miXed male and female control group,.isometric

o

group and dynamic group did not differ significantly from each)fu
other in mean times for initial ang final swimming trials (F— 484)
The control isometric and dynamic groups composed of both male
tand female subjects did not differ significantly (F— 359) in their
group mean change in swimming time from initial to final trials
There was a very significant difference at the .01 level from
initial to final arm strength measures for all groups summed
together (F*14¢)308)

Table XK1 shows the initial and final swimming times; '
vstandard deviations, differences of the means, standard error
‘and the t—ratio for the three strength training methods. _All
' three groups showed a significant increase, at the .01 levelﬂ
‘from initial to final trials of swimming time. The control group 8
initial (122 8 Seconds) to final (108 2 seconds) change was an
improVement of ll 9% The isometric group improved from 119 6 |
i ‘seconds initially, to 103 9 seconds finally for a change of 13. 1z

over the duration of the experimental period ?MThe dynamic group

' ‘showed an improvement of 12.0% from the initial time trial (117 7
\c-’(‘ . o /] B

) secqnds) to the final trial (104 6 secondsle-wmhere were no
sigdificant differences between the mean changes of the three groups.

Y‘The results»are presented graphically in: Figure 8. The small

. Kl s./

"interaction illustrated between the isometric gnd control group :
LI (f

_;was insignificant, when the large standard deviations and small e

» gusample sizes were considered
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M

The Correlation of Arm Strength to Swimming»gpeed

For the total group of 46 subjects, Pearson 8 Product

Moment technique was used to- determine the correlation coefficient
i between initial arm‘strength and'initial swimming speed. fThe-
correlation coefficient was quite low (r— 14) suggesting-that
there was no more ‘than chance correlation between the levels of
strength and‘speed of swimming.
| The.same technique'was used on the 46 male'snd female

subjectsvfor the correlation between final arm.strength end

- final swimming speed This correlation coefficient was slightly '

_ higher (r= 26), but still not significantly different from chance

.correlation at the .05 level -A-very low correlation coefficient
',»(r= 08) was obtained for the increase in arm strength to difference.

in swimming time from: initial to final trials for the 46 subjects.

This correlation was also insignificant at the 05 level

._Discussion: | | , |
Initialihnalysis of‘the dsts-for:flexibility effection"
the totslssamplevof-46, showed no‘significant-difference between_.b o
fthe mean swimming times for the 23 subjects ‘who participated in
flexibility training as opposed to the 23 subjects who' did not
tf;participate in flexibility training. Both groups improved

‘significantly (P- 01) from initial to final trials of swimming

- time, It wes reasonable to assume that if there was an effect )

: 'due to flexibility, it might ‘have been mesked by the effects of

Lt
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the three strength training methods.

CIf the flexibility effect was present it couLd be‘eXpected

- to be. ‘most marked in the control group where there would be no

-interaction effect with isometric or dynamic- training., Subsequent

~analysis of the subjects 1n the control-group'wholtrained with

’ flexibility as oppoged to those control group subjects who did
not~train.mith flexibility, showed no significant-difference

: between the flexibility trained subjects and the subjects not

trained on flexibility, although both’ groups improved on initial
to final swimming times (P=, 05) The flexibility and ' sex effect
.did not interact significantly on the final swimming times (see
Table XIII) | o

The analysis of'Sex effect and training.method on.

. -~
repeated measures of arm strength showed no significant differences'

o of mean arm strength changes between sex of the subjects and strength

training method There vas, however, a‘significant difference.

. (P=,01) between initiel and final arm strength trials for all

subjeétS'combinedv i : ' lg#‘ - 4 _"'/';.‘

* The consideration of sex and training met _d on repeated

'trials of swimming performance time yielded result very aimilar

to those for arm atrength There were no aignificant differences

: of mean swimming time changea between sex and Kltween training

method All of the groups ‘had significant differences in swinming

times from initial to final trials.ll'“

It ﬂns found that in analyaing the total iloletric (N-lS),i

v-.v

'fit. dynamic (N-17), and control (N-&A) groupa that the mdan gains of arm ',":
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»strength and swimming speed were significant (P= 01) within the‘

isometric and dynamic strength training groups and in the control
group. lhere were no significant differences between the three

different strength training groups for amount of improvement of.

. -arm strength with ‘the control group, the isometric group and the

’dynamic group improving 22. lZ 19 2% and 32 6% respectively

';34(83) who found that dynamic and isometric atrength training methods

mnyielded the aame atrength gains. The failure of either atrengthfi&*

| IThere were no significant differences between the three different

-strength training groups for amount of time improvement in swimming

a 100 metre freeatyle under competitive conditions, with the control

group, isometric group and dynamic group improving 11. 92 13 1% and
G

”12 1)1 respectively.,

The correlation of initial and final arm strength with

'finitial and final swimming speeds for 46 subjects yielded small

,'and statistically insignificant correlation coefficients of ﬁ- 14

and r-.26 reepectively The correlation between changea in strength

and changes in awimming time was very lpw at =, 08.' The reliability

-vicoefficient for two different measures of initial\compoaite atrength ‘if
for the 46 aubjecta was satiafactory at l-.9l. Theae low correlationa

| h,tend to indicate that apeed of swimming in novice awimmera is less

.tidepeddent on atrength than on a "feel for the water or an inate ::y

- fswimming efficiency.

The reaulta of thia study agree with Kerr(56a)and Scott




3comparison of isometric and dynamic strength training programs on

shimming performance ' "‘; '*l{ig :

A"iweek break. i:,.” : ; R hf ,vff"fi‘-_'7h7~_i. "4' f - ;}‘f

" the different training prdgrams had the experimental period been » :

78

‘training method“to show superiority over the controlsffpr either

Strength gain or swimming performance may be . explained by the

possibility that swimming training alone was sufficient to stimu-

N

'late the increase in strength and in swimming speed This may be

.

.particularly true of first year competitive swimmers who may be

' ’applying greater force to move through the water at the same

speed as a swimmer with ‘more efficient stroke mechanics. Perhaps

“Vuntil swimmers have attained a level of stroke efficiency where
‘,>corrections of major mistakes are no 1onger necessary, the addition, .

' of a dry land strength training program is of less value than

actual direct practice of swimming training in the water ~For,'

"this reason the choice of swimmers with one or two years of competitive L

' swimming experience may yield more definitive results for the y

* . s

hY
©

The results of this study may well haVe been affected by-.-’

'the two week break between the first four weeks and the. last four
weeks of the strength training and swimming program.. Huller (67),=
however, reported that bi—weekly maximal contractions performed

'“@fonce only are sufficient to maintain a, given 1eve1 of st;ength Thue'h o

Ly

bthe 1ast maximal contract on of the first fcur week period 8hou1d

‘have maintained the stren th 1eve1 of - the subjects over the two

+

There may have been a more significant interaction between

SU AR R
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‘>eXtended for‘the whole of the"swimming season from 0ctober to'ﬁay
:with two’orithree intermediate measures of strength and:swimming‘

’ : M ~ ‘“
: It was'asaumed hy'the investigater that theiinitial seven
\‘week orientation period consisting of swimming training only would |
serve the purpose of eliminating the earlv variance in learning the
motor task of swimming the stroke (1), 1t is possible that the
.individual response to: the - swimming training alone may have changed

. - '
‘ the relative strength 1evels Qf the subjects before the start of

strength training. This would have affected the relative improvementr

, of the isometrically and dynamically trained group, when compared :

e with the control group trained on active swimming practice only

Y

3 . v . : * "‘V'
. o °
. . )
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bto six groups of nine each “on the basis of initial swimming time L

' variance technique was used to assess the effect of the different

CHAPTER V

;

SUMMARY AND CONCLUSIONS

Summary B
| The primary purpose of this study was to determine the_:
relativekeffects of isometric ‘and dynamic strength training, and

a. controlled nOn—strength training program on the performance of .

pre—pubescent - years to 12 yearS) competitive swimmers, for a

lOO métre front crawl swim Subproblems were the effect of a

‘. series of non—resistive flexibility exercises on swimming perform-

- ance, ‘and the effect of -the sex. of the subjects in response to

. the three strength training programs as- measured by arm strength _ 1"' W

- L8,
-

3 and’ swimming timed performance improvement ‘ 2 :n . N

3

Fifty—four first year competitive swimmers were assigned

performance and age. Eight swimmers did not4c0mplete the program -

¢ . o
leaving a control group of seven, a, control group of seven with @® . .
e

5

flexibility exercises, an f%omé*ric group of seven, an isometric vdé
group of eight with flexibility exercises, a dynamic group of nine -
and a dynamic group of eight with flexibility exercises.k The analysis |
was conducted on swimming time (to the nearest tenth of a second) and '
on force (to the nearest pound), which was the composite of the average
ofbtwo arm’ strength measures for each arm taken individually in the
simulated mid position of the front crawl stroke.; The analysia of

e

, o - : JRPE "
Lo . . . f . RESET. . C o
".‘ L ’ ., s . R . . N - o . - TS N <
. L . S A .-, B L s C o A i

8.
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variables of sex, flexibility exercise.and. strength ‘training method

on changes of swimming time and changes in arm strength for the

- ‘duration of the experimental training period Pearson's Product-

'Moment technique was used to, correlate the arm strength measures

and swimming times. ‘The following results were. found

1.

The inclusion of flexibility training had no

‘ effect on the improvement of perﬁormance time in-
“the 100 metre front erawl (freestyle) stroke.;'

1Mean gains of arm strength for the female subjects '

e?’\

--‘were the ‘game, as mean gains of arm strength for. the‘

'vperiod. B

male subjects over the period of eight weeks of

:training.

' Mean improvement of swimming time for the female '

subjects was the same as mean improvement of ewimming

'V‘ctime for the male Subjects over the eight week trainingg

s

SN [ e

;There were no significant differences between the mean‘f»f

vgeine of arm atrength for the isometrically trained

' : group, .the dynamically trained group and the control

- ?group, over %Fe eightfweek :
. e : :

s

:'groups improved signi%icant}y (P-.OS)

DN S

maining period All

4

There were'no significant differences between the mean "

: fimprovementa of swimming time%for the isometrically

;atrained group, the dynamically trained group and the ;5f_
‘:Acontrol group over the eight week t&aining period. |

"j’All groups improved (P-f 01)
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b

6. 'There wss a<low and non—significant nositive‘correlation
between initial arm strength scores and initial swimming
speed (r=+ 14) ’ T L

7. 'There was. 'a low and non—significant positivelcorrelation f

betwaen final arm strength scores and final swimming
. speed %r + 26) ‘

"8, ‘There was. a low and . non—significant negative correlationlg
between change.inlsrm strength scores and change in -
-swimmingﬁtimes~(r=-.98). o - |

oo "I,.(J'Q@'
Conclusions i

In~conciusiOn,'there were significant imorovements of armﬁ.
,‘strength score and swimming time for all training groups with no ”
1‘single training method more effective than the other two grouos.d
‘gThere were no’ differences in ‘the response of males and . females to o
the three different strength training programs.‘ There were no |
'significant differences in improvement of swimming time between the
lsubjects who hsd flexibility training and those who did not have flex-
’l;ibility training. There were no- significant correlations between arm "‘
'lstrength as measured by tensiometry and swimming epeed performance in _
»fthese subjects. It would -seem that strength is not as important and
the endurance gained from actual swimming training.‘ "_df 5.:’ ge

Recommendations rh:-'

Further study into this area is neceasary 'to corroborate o

'~??findings on- the effects of isometric and dynamic atrength training f"
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on young swimmers between the agesgof sewen and twelve years. The
“re§ults of thisistudy eppear to point‘to a greater value for actual
'swimming oractice as opposed to stfength training'ptograms, for
these age‘groups; when there is a limited amount.of feCiiity time.
avail?bieifOr_ootniqfeininglpfOCedures.' ’"_ ‘ . o o

. It'.seems tnétffurtherfstudies would do welizigz;ltend
the eXperimental period beyond twelve weeks. .There would be»lees
diversity of the subjects in future studies, if the subjects were :
j_:chosen from -8 group of second or third year competitive pre-pubescent
swimmers. -This would tend_to minimize the‘effects of mechanical ~
.'cotrections in strokes, since‘these.swimmers.are'apt to be more

~»familiar with correct stroke and training techniques and thus =

* mqgs any changes due to strength training method more apparent.iv
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_ APPENDIX A

'CALIBRATIONS FOR THE CABLE TENSIOMETER



Following ame the calibrations of the cable tensiometer

from the University of Alberta, Serial #10185, using riser #1 and

7

an f78 inéh diameter cable.
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APPENDIX B
. FLEXIBILITY EXERCISES

. AND

"+ ACCOMPANYING INSTRUCTICNS
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FLEXIBILITY EXERCISES

Forward Arm Circles . .A N N . i S

Using both- armsfét once "do forward arm eircles at moderate
speed. Emphaslze the upward lifting motion and the shoulder
rotation‘lOX.

Backnard Arm Circles

Same instructions as above 10X~

e
S

Hands Crossed Shoulder Stretch

Stand up straight and cross your hands over top of your

" head with your arms straight. Hold your arms as far back
[ o . ) :

as they will go. 10 secs.

3
{

© Wall Assisted Shoulder Stretch

Keep your hands crossed over your head and bend forward

toward a wall, using it to keep your arms up while you -

‘ push your head and body as 10w as-possible. ecs.

- Place your legs under your seat with your feet pointed

LS
“Ankle Looseners

i

"straight back Stretch backward touching your ‘head to the

floor.r 10 secs.

Gastrocnemius Looseners

'Face a wall at arms length away with yOur feet«plaped shoulder

»

‘width apirt. Hold your arms out to touch the wall and slowly

‘bend your arms and touch the wall with ‘your chest while keeping

' uyour heels ‘on the groundband your knees strsight. 10 seqs.
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A Keep your kneés close together and settle as low as you

Whip Kick Ankle and Knee Stretch

\ ! _
Take the same basic position as in #4 except point your

' feet out to the side and: point them up'towardsljour knees.

1

can. 10 secs.
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ASSIGNING OF :ORIGINAL 'SUBJECTS

98



Group 1
Control
No Flexibility

© Group 2
Isometric
‘No Flexibility

- Group 3.

Dynamic

No Flexibility

Group 4
Control
Flexibility

Group 5
Igometric
Flexibility

Group 6
Dynamjic
Flexibility

99 .

ASSIGNING OF ORIGTNAL -SUBJECTS

Mean Age In

Months

117.6

116.9

117.6
o

118.9 -

120.2

117.6

Standard
Deviation

18.6

14.7

- 16.6

J11.3

16.7 -

13.1

3

Mean Time In  Standard

-Seconds Deviation
119.1 12.1
117.7 .16.9
\
119.6 10.4
122.4 15.4 5
120.1 18.2
116.1 13.2

o
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| 'APPENDIX D
'MEAN COMPOSITE SCORES FOR ARM STRENGTH-
AND
' SCORES FOR SWIMMING TIME
.,

. BEFORE; AND AFTER TRAINING



CONTROL WITH
NO FLEXIBILITY

E. Van Zant

ijqohas. 

D. Anderson

D. wagg

‘ NQ_Newton
-S.;Kerr

K. Adams

w

CONTROL WITH

FLEXIBILITY

D..Collins

: E; Wren '

.~ B. Christie -

L. Froome

H. Rink

W. Regent

B.»Ansgll

MEAN COMPOSITE SCORES FOR ARM STRENGTH

“AND SCORES FOR SWIMMING TIME
BEFORE AND AFTER TRAINING

N a

COMROSITE ARM

'STRENGTH STRENGTH
BEFORE AFTER
B "

33 o 69

LN
38 "\\ 42,
32 -(/ ' oo |
34 IR
3 52
59 o 553
s 31 T
Ca2 32
v 42
B | | 3
40 S 30
30 s 36

_ * denotes female ‘subjects .

COMPOSITE ARM =~ SWIMMING
TIME.
BEFORE

110.3

109.6 -
137.6
136.8

154.9.

111.3

127.5

110.8

118.8

131.5

107.5

. 119.7

126.3

101

SWIMMING
TIME -
AFTER

96.4

105.4

111.3 -

133.9

" 116.8

95.7 '

115.6

97.1

125.8,
109.6

94.9 -

96.2

103.0

1120.6
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MEAN COMPOSITE SCORES FOR ARM STRENGTH

~ AND SCORES FOR SWIMMING TIME
BEFORE AND AFTER TRAINING

 COMPOSITE ARM ~ COMPOSITE ARM ~ SWIMMING  SWIMMING
. STRENGTH . STRENGTH TIME . TIME
BEFORE AFTER BEFORE AFTER

~ ISOMETRIC WITH
NO' FLEXIBILITY

B. Clint = . 46 66 115;1""A A109.0

_ J..Lu;jkx " 40 ;:. 39 ~100.9- 86.4
K. Bartl;yu - 39 g EEES 8 % S 98.0

C. Mértin‘ 2 3T O 100.8 . 92.6

B. Ross 3 65 1614  104‘5

% C. Roberts 3 w1062 . 92.9

- % D. Rice 30 36 125.2 . 114.5

- ISOMETRIC WITH o .
FLEXIBILITY o . SRR SR ‘;éw.“

"B, Mackimnon 49 56 . 1do.4 10570
'G. Ahrens | 30 | ' '33  | »: : "i19.9 . 100.0
* K. Ronald 36 so 1430 114.3
% G. Gommerman T »_;:'  :39- . 1w 932

'S, Ashley 41 67 . 13 949

J. Westmsm 40 37 1Ll 1042
« % L. Miedema 39 BT Co166 992

* L. Riddell - - 39 .36 . 163.2  150.5

. % denotes female subjects
. V .



DYNAMIC WITH
NO FLEXIBILITY

B

S.

H.
ST
J'

S;

. Junnilla

Grieves

.. Linville
. Mackinnon

.;Regént

Luther '

Rdnald .

-Sillherl'

Riddell

"-

DYNAMIC WITH

- FLEXIBILITY

Lawrence

Kidd
Alexander
;Hamiltoﬁv;
.=Langlé§'

Ohlson .

Morrow

M#cmillanl_

MEAN COMPOSITE SCORES FOR ARM STRENGTH
AND SCORES FOR SWIMMING TIME
* BEFORE, AND AFTER TRAINING

COMPOSITE ARM -
STRENGTH

BEFORE

43

32

» »i" 37
41

36

36

38

34

30

- 38
@

94

34

.37

34

34

COMPOSITE ARM
STRENGTH

58 1087

‘TIME

AFTER  BEFORE

‘47 o 117.8 -

88 .90.3

42 T 129.0

35 o 107.7

48 . 139.8

w0 11009
63 113.0
33 121.5

30 1402

Csg . 118.6

56 - .- 120.2°

50 125.5

.. 3% . - 115.6

Cse 103,00
4w - uns

TR E VX

':'*.denoteq feﬁhlevspbjegts~“

3 .

SWIMMING

103

SWIMMING -
TIME
AFTER

108.0

86.6

113.5

89.7

122.1

1 102.2

102.4

110.1

Y

107.9

1009

103.3

- 93.3

.100.0’

1 94.3

106.8

11026



